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PART I - OVERVIEW 

1. This is an appeal from a Federal Court judgment dismissing an application for 

judicial review of a decision under the Pest Control Products Act
1
 (“PCPA”) and its 

regulations, which create a comprehensive regulatory regime for pesticide registration 

and use in Canada. The use of pesticides can pose risks to human health, the 

environment and future generations. As a result, the primary objective of the PCPA is 

to “prevent unacceptable risks to individuals and the environment from pest control 

products”.
2
 In this appeal the Court has the opportunity to pronounce for the first time 

on legal standards designed to achieve that objective.  

2. Glyphosate, a pesticide, is the active ingredient in Roundup and other pest 

control products. It was first registered for use in Canada in 1976 and has been 

continuously registered since then. Health Canada conducted a re-evaluation under the 

PCPA of the risks and value of glyphosate products. In 2017, the Pesticide 

Management Regulatory Agency (“PMRA”) issued a re-evaluation decision 

permitting the registration of glyphosate products for use in Canada to continue.       

3. Glyphosate is widely-used on food crops consumed by Canadians. It can be 

used to kill weeds,  but can also be used to dry down or “desiccate” a crop for harvest 

by killing it just prior to harvest, a practise known as pre-harvest management. 

However, research shows that when crops are desiccated when the crop is not yet 

mature physiologically, glyphosate will accumulate at higher levels in the seeds being 

produced by that crop. The accumulation of glyphosate residues in these seeds, which 

are the beans, grains or seeds consumed by Canadians, poses health concerns.  

4. The PCPA permits public participation following issuance of a re-evaluation 

decision by allowing members of the public to raise objections to the decision. 

Pursuant to the process in the PCPA, the Appellant filed a notice of objection to the 

PMRA’s re-evaluation decision. The notice of objection raised nine objections, which 

included three main arguments with supporting evidence: first, that the re-evaluation 

did not examine one way that glyphosate gets into food; second, that Canadians might 

be exposed to glyphosate in food at levels greater than those considered in the re-

evaluation; and third, that the measures proposed by PMRA to mitigate the risks will 

not work in all cases. The Appellant asked the PMRA to exercise its statutory 

                                                 
1 SC 2002, c 28. 
2 PCPA, s 5. 

https://laws-lois.justice.gc.ca/eng/acts/p-9.01/page-2.html#h-418095
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discretion to appoint a review panel of expert scientists to examine and advise on the 

issues identified in the notice of objection. 

5. The PMRA dismissed the notice of objection and refused to appoint an 

independent panel to review the re-evaluation decision. The Appellant submits that the 

PMRA did not act within the legal and factual constraints limiting the exercise of its 

discretion, and that its decision did not meet even the minimum standards of 

justification, transparency and intelligibility.  

6. The Appellant applied for judicial review, asking the court to quash the 

PMRA’s decision and order the PMRA to establish a review panel. The Federal Court 

dismissed the application after arriving at its own interpretation of the legislation and 

using that interpretation to support the outcome reached by the PMRA, instead of 

focussing on the reasonableness of the PMRA’s decision in light of the reasons given 

and the relevant factual and legal constraints. The Federal Court’s approach was wrong 

in law.  

7. On a proper application of the reasonableness standard of review as laid out by 

the Supreme Court of Canada in Vavilov,
3
 and re-affirmed by this Court in subsequent 

decisions, the PMRA’s decision cannot stand. The Appellant asks this Court to allow 

its appeal and to quash the PMRA’s decision.  

PART II - STATEMENT OF FACTS 

A. Background 

8. The PMRA is a branch of Health Canada. It been delegated the responsibilities 

of the Minister of Health for regulation of pest control products (“PCPs”) in Canada, 

and regulates them under the authority of the PCPA. A PCP is a product used for pest 

control. A pest is a troublesome plant, animal or other organism: in essence, a weed, 

fungus or a bug.
4
 PCPs must be closely regulated because, as stated in the preamble to 

the PCPA, they “pose potential risks, both directly and indirectly, to the health, safety 

and well-being of individuals in Canada and to the environment.” The main purpose of 

                                                 
3 Canada (Minister of Citizenship and Immigration) v Vavilov, 2019 SCC 65, Appellant’s BoA, Tab 1. 
4 PCPA, s 2(1): “pest means an animal, a plant or other organism that is injurious, noxious or troublesome, whether 

directly or indirectly, and an injurious, noxious or troublesome condition or organic function of an animal, a plant or 

other organism”.  

http://canlii.ca/t/j46kb
https://laws-lois.justice.gc.ca/eng/acts/p-9.01/page-1.html#h-418020
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the PCPA is to “prevent unacceptable risks to individuals and the environment from 

the use of pest control products”
5
.    

9. The basic scheme under the PCPA is as follows: on an application for 

registration, a PCP are assessed for risks to human health and the environment by 

PMRA; if the PMRA grants registration, the PCP is registered in a database; and post-

registration, PCPs are re-evaluated periodically. An applicant seeking registration of a 

PCP must submit relevant studies and appropriate scientific information to assist the 

PMRA in its evaluation of the PCP’s risks. The Act provides a number of 

opportunities for members of the public to participate in the regulatory scheme, 

including by bringing forward to the PMRA their objections to decisions permitting 

registration of certain PCPs. The PCPA also provides for decisions to be re-

considered, for access to information, and for enforcement. 

10. When PCPs are used for agricultural purposes, dietary risks to human health 

arise from the fact that PCPs leave residues on and in the crops to which they are 

applied. Therefore, when the PMRA evaluates a PCP it must consider available 

information on, (among other things) aggregate exposure to the PCP through dietary 

exposure.
6
 In deciding to register a PCP, the Minister is required, “if necessary” to 

specify the maximum limits of pesticide residue that the Minister considers 

appropriate.
7
 These are referred to in the PCPA as “maximum residue limits” 

(“MRLs”). PMRA describes MRLs as “are an essential part of ensuring that the 

dietary intake of pesticide does not lead to unacceptable exposure and risks to human 

health.”
8
 MRLs may also be specified for unregistered products, or for a registered 

PCP with respect to a use that is not provided for by its registration
9
 (referred to as a 

User-Requested Minor-Use Label Expansion or “URMULE”).   

                                                 
5 PCPA, s. 4(1). 
6 PCPA, s. 11. 
7 Section 9 of the PCPA provides: “When making a decision regarding the registration of a pest control product, 

the Minister shall, if necessary, specify any maximum residue limits for the product or for its components or 

derivatives that the Minister considers appropriate in the circumstances.” While the Minister must specify a MRL 

for registered products, she “may” specify a MRL for unregistered products or uses of a registered product not 

provided for by the registration: PCPA, s. 10. 
8 Technical Paper SPN2000-01, published by PMRA, December 22, 2000 at 15 (“SPN2000-01”), Exhibit “B” to 

the Affidavit of Mary Lou McDonald, affirmed April 18, 2019 (“McDonald Affidavit”), Appeal Book, Tab 6B, p 

160; McDonald Affidavit, para 5, Appeal Book, Tab 6, p 67. 
9 PCPA, s 10. 

https://laws-lois.justice.gc.ca/eng/acts/p-9.01/page-2.html#h-418081
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-3.html#docCont
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-3.html#h-418190
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-3.html#h-418190
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-3.html#h-418190
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B. Pre-harvest use and registration of glyphosate  

11. Glyphosate is a non-selective systemic herbicide. “Non-selective” means it is 

not selective as to what plants it kills, and “systemic” means it enters the plant and 

moves throughout its entire system. In addition to weed control uses, the Minister has 

registered various glyphosate products for pre-harvest management use, at least in part 

because of its utility as a crop desiccant. Agricultural producers spray glyphosate on 

crops to dry down and kill the plants, which facilitates harvesting.
10

 

12. When glyphosate is applied to a plant, it penetrates into the plant’s growing 

systems. It migrates to areas of the plant in which nutrients (including sugars) 

concentrate, i.e. the fruits, grains, beans and seeds the plant produces. This movement 

to the growing parts of a plant is referred to as “translocation”. As explained by one 

weed specialist (who advises against using glyphosate as a desiccant): 

Glyphosate is a systemic product, which means that once it enters the 

plant it gets into the circulation system and moves through the plant to the 

same places that the sugars are going, which are called sinks. … The sink 

at the pre-harvest timing is the seed. So basically what you are doing by 

applying early is taking what is applied to the surface of the leaf and 

putting it right into the seed.
11

 

13. Glyphosate was first registered for use in Canada as a weed killer in 1976, prior 

to the 2002 enactment of the PCPA. In 1992, Agriculture Canada granted Monsanto 

Canada Inc.’s application to have glyphosate registered “temporarily” for a new, “pre-

harvest” use on certain conventional crops.
12

 

14. Over time, the permissible use of glyphosate “pre-harvest” was extended to 

more crops, including URMULE crops. In 2006 the PMRA permitted the “pre-harvest 

use” of glyphosate to be expanded to chickpeas (a URMULE crop).  The PMRA 

granted the expansion based on a proposal submitted by Agriculture and Agri-Food 

Canada as sponsor, rather than from the original registrant. The basis for the expansion 

was deficient. In its 2006 review of this proposal for chickpea crops, PMRA 

considered and relied on glyphosate residue data it had on file from a review 

                                                 
10

 McDonald Affidavit, at para 9, Appeal Book, Tab 6, pp 68-69. 
11 Angela Lovel, “Don’t use desiccants to hasten maturity,” Grainews.com (4 June 2012) (“Lovel Article”), 

McDonald Affidavit Exhibit “L5”, Appeal Book, Tab 6L, pp 442-446.  
12 Namely wheat, barley, soybeans, peas, lentils, canola and flax: Decision Document E92-02, Pre-Harvest Use of 

Glyphosate, McDonald Affidavit Exhibit “F”, Appeal Book, Tab 6F, pp 194-205. 
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conducted in 1992 review concerning white beans, not chickpeas (“1992 Review”).
13

 

The 1992 Review was not only dated and pertained to a different crop entirely, it was 

also of questionable reliability: in recommending an MRL for white beans in the 1992 

Review, Health Canada “ignored” three white beans samples that contained materially 

higher residue levels because those samples had “high moisture” content and 

glyphosate had been applied when the plants were not fully mature.
14

  Physiological 

maturity and moisture content are important determining variables for residue levels, 

so a review that discards data based on these variables is inherently unreliable.  

15.  To date the PMRA has not identified any scientific studies on the application 

of glyphosate to chickpea plants specifically. It has always relied on the 1992 Review 

relating to white beans as a proxy for the glyphosate residue levels for chickpeas and 

other dry beans. This is problematic because of differences in the nature of chickpea 

plants as compared with some dry beans and white beans. Chickpeas are 

“indeterminate” plants, which means they are always producing new seeds or peas. In 

contrast, with “determinate” plants, like some other dry beans, the production of seeds 

throughout the plant terminates at approximately the same time. Because indeterminate 

plants are always producing seeds, with some parts of the plant mature while others are 

immature, they are more susceptible to translocation as the glyphosate travels to the 

growing areas, regardless of when it is applied.   

16. Pesticide registrations must be re-evaluated on a cyclical basis. Section 

16(2)(b) of the PCPA required the Minister to initiate the re-evaluation of glyphosate 

no later than April 1, 2005. However, a 2006 internal email of PMRA shows the re-

evaluation was postponed past 2005, “probably for several years.”
15

 In 2010, Health 

Canada published a work plan for the re-evaluation of glyphosate and its registrations. 

On April 13 2015, pursuant to s. 28(2) of the PCPA, the PMRA issued its proposed re-

evaluation decision on glyphosate (“PRVD”).
16

 The PRVD included a section on risk 

assessment. The PMR then invited comments from the public on the PRVD before it 

                                                 
13 URMULE D.3.2 Review, April 24, 2006, pp 7-9, McDonald Affidavit Exhibit “W”, Appeal Book, Tab 6W, pp 

932-934. 
14 In the 1992 Review PMRA stated “it is assumed that white bean data (excluding the “high moisture” samples) 

was used to support the registration on “dry beans….”.  The “high moisture” samples were 3 samples with elevated 

residue levels, about which the reviewer did not have specific grain moisture information: 1992 Minor Use 

Review, p 3 Filed Under Seal. 
15 URMULE D.3.2 Review, p 15, McDonald Affidavit Exhibit “W”, Appeal Book, Tab 6W, p 940. 
16 PRVD, Certified Tribunal Record (“CTR”), Tab 41, Appeal Book, Tab 29, pp 2142-2471. 
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reached a final decision.
17

 On April 28, 2017, the PMRA issued its re-evaluation

decision (“RVD”). The decision (made 41 years after the initial registration of 

glyphosate in Canada and 12 years after the re-evaluation was to be initiated) was to 

continue the registration of products containing glyphosate for sale and use in Canada. 

The evaluation made in RVD stated: 

[A]n evaluation of available scientific information found that products 

containing glyphosate do not present risks of concern to human health or 

the environment when used according to the revised label directions.
[18]

As a requirement for the continued registration of glyphosate uses, new 

risk reduction measure are required for the end-use products registered in 

Canada. No additional data are being requested at this time.
19

17. Subsection 35(1) of the PCPA allows “any person” to file a notice of objection

to a registration decision in the form and manner directed by the Minister of Health 

within 60 days after the decision is made public. Eight individuals or groups filed 

notices of objection in respect of the RVD for glyphosate. These included the 

Appellant, Safe Food Matters, and its president, Mary Lou McDonald, in her personal 

capacity (together, the “Objectors”). The Objectors filed their notice of objection 

(“NOO”) on June 27, 2017. Safe Food Matters Inc. is a non-profit corporation 

dedicated to promoting health and protecting the environment through education, 

awareness and engagement of Canadians on the safety of food production 

technologies.
20

 Mary Lou McDonald is an individual who relies on the consumption of

chickpeas as one of her main sources of protein.
21

C. The Notice of Objection and PMRA Decision 

18. The NOO raised nine objections to the RVD. It provided evidence in support of

the objections from scientific studies, literature and government publications, as well 

as Health Canada policy documents.
22

 The NOO stated that “the main basis for the

17
 McDonald Affidavit, paras 17-18, Appeal Book, Tab 6, pp 71-72; PRVD, p 8, CTR, Tab 41, Appeal Book, Tab 

29, pp 2156. 
18 The PRVD called for revised label directions, including as follows: “To reduce the effects of glyphosate in the 

environment, mitigation in the form of precautionary label statements and spray buffer zones are required. 

Environmental mitigation statements are listed in Appendix XII. [p 237]” PRVD, CTR, Tab 41, Appeal Book, Tab 

29, pp 2198, 2385-2387.  However, neither the PRVD nor the RVD provided a justification for those amendments. 
19

 RVD, p 2, CTR, Tab 43, Appeal Book, Tab 31, p 2489, emphasis added; McDonald Affidavit, para 20, Appeal 

Book, Tab 6, p 72.  
20

21

22

 McDonald Affidavit, para 2, Appeal Book, Tab 6, p 66. 

  McDonald Affidavit, para 3, Appeal Book, Tab 6, p 67. 

 NOO, McDonald Affidavit Exhibit “K”, Appeal Book, Tab 6K, p 370. 



7 

 

  

objection is that glyphosate applied for desiccation purposes is placing residues in the 

seeds to the extent that they exceed MRLs and are of concern to human health, 

especially considering increased consumption of the relevant foods, and that evidence 

of such translocation and accumulation has not been considered in the Re-

evaluation…”. The first four objections were, essentially, support for that main basis 

for objecting. The remaining five objections presented other arguments. The NOO 

asked the PMRA to establish a review panel to assess glyphosate in light of the 

objections and context presented in the NOO. 

19.   The PMRA rejected the NOO (the “Decision”) in a letter dated January 11, 

2019, from the Chief Registrar of the PMRA (the “Decision Letter”). The Decision 

Letter stated that the NOO, “including the scientific rationale”, had been assessed by a 

PMRA team, which “provided recommendations as to the requirement for a review 

panel based on the validity and the scientific plausibility of the issues raised in the 

notice”.
23

 The Decision Letter then recited the two factors the PMRA must consider in 

determining whether to establish a review panel, as set out in s. 3 of the Review Panel 

Regulations
24

 under the PCPA (the “RP Regulations”), which address certain aspects 

of the review panel process created under s. 35(1) of the PCPA. Section 3 of the RP 

Regulations states:  

The Minister shall take the following factors into account in determining 

whether it is necessary to establish a review panel: 

(a) whether the information in the notice of objection raises 

scientifically founded doubt as to the validity of the evaluations, on 

which the decision was based, of the health and environmental risks 

and the value of the pest control product; and 

(b) whether the advice of expert scientists would assist in addressing 

the subject matter of the objection. 

20. The Decision Letter stated in conclusory fashion that the information submitted 

in the NOO does not meet either of factor.
25

 An attachment to the Decision Letter set 

out the PMRA’s responses to the objections, which it characterised as “comments”. 

21. As mentioned above, the NOO advanced three main rationales of the objection 

                                                 
23 PMRA Decision Letter, January 11, 2019, Appeal Book, Tab 4, pp 54-61. 
24 SOR/2008-22. 
25 PMRA Decision Letter, January 11, 2019, Appeal Book, Tab 4, pp 54-61. 

https://laws-lois.justice.gc.ca/eng/regulations/SOR-2008-22/page-1.html#h-745957
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to the RVD, which were supported by four specific objections. The rationales are that 

the evaluation did not examine one way that glyphosate gets into food, namely 

translocation (Objections 1 and 2); that Canadians may be exposed to glyphosate in 

food at levels greater than those considered in the evaluation (Objection 3); and that 

the measures proposed by PMRA to mitigate the risks will not work in all cases 

(Objection 5). In particular: 

(a) Objection 1 showed that glyphosate sprayed for desiccation purposes  

moves into beans and seeds of food crops by the mechanism of “translocation”; 

that glyphosate residue levels on plants are higher the less mature the plant is at 

the time of spraying; that high residue levels have been found in cereals and 

legumes; and that MRLs are being exceeded;
26

 

(b) Objection 2 was that when the PMRA conducted the re-evaluation it did 

not conduct a dietary exposure assessment on crops that have been desiccated 

with glyphosate or assess the associated risk;
27

  

(c) Objection 3 was that the consumption data used by PMRA is inadequate 

because it is outdated (from 1998), based on US diets, and does not account for 

the significant increase in recent years of the consumption of pulses (like 

chickpeas);
28

 and 

(d) Objection 5 was that the risk associated with desiccation cannot be 

mitigated by the labels proposed by PMRA—which require that glyphosate be 

applied when crops are at 30% seed moisture content or less—because some 

crops (indeterminate) will always have some seeds with a high moisture content, 

and that other variables affect moisture content (like weather, and subjective 

determination).
29

 

22. The NOO raised three objections, Objections 6, 7 and 8, that the PMRA did 

not even mention in its Response. These three objections provided rationales and 

evidence for the Objectors’ misgivings concerning the PMRA’s reliance on labels as a 

panacea for the otherwise unacceptable risks of glyphosate. Objection 4 was that 

when setting MRLs for URMULE crops, the Minster was required to look at only the 

health risks. Finally, Objection 9 noted that that the PMRA had reduced safety factors 

for glyphosate without valid rationale.  The PMRA dismissed all of these objections. 

                                                 
26 NOO, McDonald Affidavit Exhibit “K”, Appeal Book, Tab 6K, pp 370-372. 
27 NOO, McDonald Affidavit Exhibit “K”, Appeal Book, Tab 6K, pp 372-373. 
28 NOO, McDonald Affidavit Exhibit “K”, Appeal Book, Tab 6K, pp 373-377. 
29 NOO, McDonald Affidavit Exhibit “K”, Appeal Book, Tab 6K, p 379. 
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D. Decision of the Federal Court 

23. The Federal Court dismissed the application for judicial review. The 

Application Judge found that the reasonableness standard applied but in applying that 

test, she provided her own interpretation of the phrase “scientifically founded doubt” 

in s. 3(a) of the RP Regulations. According to the Application Judge’s interpretation, 

in order to raise scientifically founded doubt the NOO must show a “well founded 

scientific doubt about a conclusion in the Evaluations”, and that doubt must be 

“demonstrated by at least one controlled peer reviewed study published in a reputable 

journal that contradicts or raises a reasonable doubt about the Evaluations.”
30

 The 

Application Judge was “not prepared to find that a scientifically founded doubt can 

arise… because there is an absence of studies on a topic.”
31

 The Application Judge 

then conduct her own analysis on the objections and on whether the NOO raised a 

“scientifically founded doubt” according to her own interpretation, rather than 

reviewing the PMRA’s decision to determine whether it is reasonable.   

PART III -  STATEMENT OF POINTS IN ISSUE 

24. The issue in this appeal is whether the Application Judge correctly applied the 

reasonableness standard of review to the PMRA’s Decision. The Appellant submits 

that the Application Judge erred in applying the reasonableness standard of review, 

and that the PMRA’s Decision was unreasonable for the following reasons, which will 

be dealt with in turn: 

(a) The Decision was not reasonable have regarding to the relevant factual and 

legal constrains on the PMRA’s exercise of discretion including: the statutory 

scheme, the principles of statutory interpretation, the importance of the decision, 

and the submissions and evidence; and 

(b) The PMRA failed to justify its Decision through reasons that explain the 

Decision in light of the statutory provisions and the relevant constraints. 

                                                 
30 Federal Court Judgment and Reasons, para 19, Appeal Book, Tab 2, p 22. 
31 Federal Court Judgment and Reasons, para 19, Appeal Book, Tab 2, p 22. 
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PART IV - STATEMENT OF SUBMISSIONS 

A. Standard of review 

25. In an appeal from a Federal Court decision on a judicial review application, 

this Court must determine whether the application judge correctly identified the 

appropriate standard of review and applied it correctly. To do that, this Court must step 

into the shoes of the court below and, in effect, re-conduct the judicial review 

analysis.
32

 Accordingly, this appeal must focus on the administrative decision.
33

 

26. The Appellant accepts that the Federal Court correctly determined that the 

PMRA’s Decision is subject to the reasonableness standard of review. However, on a 

proper application of the principles set out in Vavilov v Canada (Minister of 

Citizenship and Immigration),
34

 the PMRA’s Decision was unreasonable. The 

application judge erred in failing to reach that conclusion.  

27. In Vavilov, the Supreme Court majority outlined the proper approach to 

reasonableness review. It doing so, it stressed the importance of justification in 

administrative decision-making. Where, as here, reasons have been provided, the focus 

must be on those reasons and not just the result. As the majority stated, “it is not 

enough for the outcome to be justifiable … the decision must be justified, by way of 

those reasons, by the decision maker to those to whom the decision applies.”
35

 

28. The reviewing court must pay close attention to the decision maker’s reasons to 

ensure that the decision is the result of an “internally coherent and rational chain of 

analysis”. The court must also assess the reasonableness of the decision in terms of the 

legal and factual constraints on the decision maker’s discretion.
36

 Significantly for this 

appeal, the focus must remain on the decision maker’s own reasons and the reviewing 

court must not “fashion its own reasons in order to buttress the administrative 

decision.”
37

  

                                                 
32 Merck Frosst Canada Ltd. v. Canada (Health), 2012 SCC 3, at ¶247, Appellant’s BoA, Tab 2.  
33 Agraira v Canada (Public Safety and Emergency Preparedness), 2013 SCC 36, [2013] 2 SCR 559, at ¶¶45-47, 

Appellant’s BoA, Tab 3; Farrier v Canada (Attorney General), 2020 FCA 25, at ¶3, Appellant’s BoA, Tab 4; 

Canada (Attorney General) v Zalys, 2020 FCA 81, at ¶54 (per Gleason JA, dissenting but not on this point), 

Appellant’s BoA, Tab 5. 
34 Vavilov, 2019 SCC 65, Appellant’s BoA, Tab 1. 
35 Vavilov, 2019 SCC 65, at ¶86, Appellant’s BoA, Tab 1.   
36 Vavilov, 2019 SCC 65, at ¶99, Appellant’s BoA, Tab 1. 
37 Vavilov, 2019 SCC 65, at ¶96, Appellant’s BoA, Tab 1. 

http://canlii.ca/t/fpvd1
http://canlii.ca/t/fz8c4
http://canlii.ca/t/j613x
http://canlii.ca/t/j6tj6
http://canlii.ca/t/j46kb
http://canlii.ca/t/j46kb
http://canlii.ca/t/j46kb
http://canlii.ca/t/j46kb


11 

 

  

29. In Entertainment Software Assoc v Society of Composers, Justice Stratas 

synthesized Vavilov and this Court’s recent case law and identified various categories 

of contextual factors that act constrain or liberate decision-makers. The following 

factors are particularly relevant in this appeal:   

(a) administrative decision-makers that are constrained by specifically worded 

statutory provisions or settled decisions of the courts may find their decisions set 

aside if they ignore these constraints;
38

 

(b) specific methodologies and strict language set out in statutes can be like 

recipes that must be followed. They can constrain and, if they are not respected, 

reversal can result;
39

 and 

(c) decisions of great significance to the individual call for administrative 

decision-makers to supply more justification and explanation.
40

 

30. In this case, and as will be explained below, the PMRA’s Decision fails to meet 

the requisite standard of justification, transparency and intelligibility. The PMRA’s 

discretion was constrained by the statutory scheme, the principles of statutory 

interpretation, importance of the decision to those affected, and the evidence and 

submissions before the decision maker. The PMRA’s Decision was not justified in 

light of those constraints and therefore was not reasonable. The Application Judge 

failed to consider the impact of the relevant constraints on the PMRA’s discretion and 

failed to review the Decision for an “internally coherent and rational chain of 

analysis”. Both failures will be discussed below. She instead engaged in her own 

statutory interpretation, conducted her own analysis, and arrived at her own reasons to 

support the PMRA’s outcome. This was not the approach mandated by Vavilov.  

B. The discretion of the PMRA was constrained 

31. Although the PMRA has discretion under s. 35(3) of the Act to establish or not 

establish a review panel after receiving a notice of objection, the reasonable exercise of 

that discretion was strictly constrained in this case by the governing statutory scheme 

of the PMRA, the principles of statutory interpretation, the importance to individual 

Canadian of the concerns raised in the NOO, and the evidence and submissions made 

in the NOO. Each will be addressed in turn. 

                                                 
38 Entertainment Software Assoc v Society of Composers, 2020 FCA 100, at ¶33, Appellant’s BoA, Tab 6. 
39 Entertainment Software Assoc v Society of Composers, 2020 FCA 100, at ¶35, Appellant’s BoA, Tab 6. 
40 Entertainment Software Assoc v Society of Composers, 2020 FCA 100, at ¶36, Appellant’s BoA, Tab 6. 

http://canlii.ca/t/j82gg
http://canlii.ca/t/j82gg
http://canlii.ca/t/j82gg
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i. Constraint 1: The governing statutory scheme 

32. The statutory scheme constrained the PMRA’s options in dealing with the 

NOO. The Decision involved an exercise of discretionary Ministerial authority. Even 

where an official has discretion in making a particular decision, discretion is not 

untrammeled. The exercise of discretion must comply with the rationale and purview 

of the statutory scheme.
41

 The PCPA is public protection legislation. Its rationale is 

protection of individuals and the environment, and it seeks to achieve this protection 

by mandating a scientifically-based approach to the evaluation of risks, by requiring 

periodic re-evaluations of registered PCPs, by inviting public participation in the 

regulatory scheme, and by embodying a precautionary approach.   

a. The PCPA’s public protection objective is a broad constraint 

33. The PCPA recognises that it is a matter of “national interest” to have a 

regulatory system the “primary objective” of which is to prevent unacceptable risks to 

Canadians posed by pest management control products.
42

 Subsection 4(1) requires that 

the Minister observe this objective. It provides: “In administering the act, the 

Minister’s primary objective is to prevent unacceptable risks to individuals and the 

environment from the use of pest control products”. The PCPA places absolute priority 

on health and environmental protection.
43

 

34. The PCPA emphasizes protecting the public by preventing unacceptable risks 

because PCPs are inherently harmful, a fact recognised in the preamble to the PCPA: 

“the availability and use of pest control products pose potential risks, both directly and 

indirectly, to the health, safety and well-being of individuals in Canada and to the 

environment.”
44

 The legislation prohibits the registration for use in Canada of any PCP 

that may pose an “unacceptable risk” to health or the environment. Subsection 2(2) 

describes “acceptable risk” as follows:  

                                                 
41 Vavilov, 2019 SCC 65, at ¶108 citing Catalyst Paper Corp v North Cowichan (District), 2012 SCC 2, at ¶¶15, 

25-28, Appellant’s BoA, Tabs 1, 7; Roncarelli v Duplessis, [1959] SCR 121, at 140, Appellant’s BoA, Tab 8;  

Congrégation des témoins de Jéhovah de St-Jérôme-Lafontaine v Lafontaine (Village), 2004 SCC 48, at ¶7, 

Appellant’s BoA, Tab 9; Montréal (City) v Montreal Port Authority, 2010 SCC 14, at ¶¶32-33, and other cases, 

Appellant’s BoA, Tab 10.  
42 PCPA, preamble. 
43Committee Report No. 1 - ENVI (36-2) - House of Commons of Canada (“Committee Report”), Executive 

Summary, https://www.ourcommons.ca/DocumentViewer/en/36-2/ENVI/report-1/page-18, Appellant’s BoA, Tab 

15;  Government Response to the Committee Report, p 3, Appellant’s BoA, Tab 19. 
44

 PCPA, preamble. 

http://canlii.ca/t/j46kb
http://canlii.ca/t/fpph9
https://www.canlii.org/en/ca/scc/doc/1959/1959canlii50/1959canlii50.pdf
http://canlii.ca/t/1hddj
http://canlii.ca/t/29850
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-1.html
https://www.ourcommons.ca/DocumentViewer/en/36-2/ENVI/report-1/page-18
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-1.html
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For the purposes of this Act, the health or environmental risks of a pest 

control product are acceptable if there is reasonable certainty that no 

harm to human health, future generations or the environment will 

result from exposure to or use of the product, taking into account its 

conditions or proposed conditions of registration [emphasis added]. 

35. The public protection purpose is reflected in three main pillars of the PCPA: 

(1) a scientifically-based approach, (2) a strong re-evaluation process to ensure risks of 

registered products remain acceptable, and (3) public participation.  

36. The first pillar requires the Minister to follow a “scientifically-based approach” 

when evaluating the health and environmental risks of a PCP and in determining 

whether those risks are acceptable.
45

 A decision to register (or to continue registration 

of) a PCP must be based on rigorous science. For instance, under the Pest Control 

Products Regulation,
46

 the party applying for registration must provide the Minister 

with any information that the Minister may require to evaluate the health and 

environmental risks and the value of the PCP, including, if relevant, the results of 

scientific investigations, laboratory studies and field trials respecting any of nineteen 

listed topics. Under s. 7(4) of the PCPA, the Minister may request the applicant to 

provide additional information, and has the authority to deny the application if the 

information is not provided. The applicant at all times bears the onus of showing that 

the risks associated with the PCP are acceptable.
47

 

37. As the second pillar, the scheme of the PCPA requires that the risks associated 

with a registered PCP remain acceptable even post-registration. It mandates that a re-

evaluation of each registered PCP be initiated every 15 years to ensure that 

registrations are supported by up-to-date science and current scientific approaches.
48

 A 

re-evaluation decision must follow the same scientifically-based approach as initial 

registration decisions. The registrant maintains the onus of showing “reasonable 

certainty that no harm to human health, future generations or the environment will 

result from exposure to or use of the product” and must provide all required 

information or risk de-registration. This pillar is particularly important in the instant 

                                                 
45

 PCPA, ss 7(7), 11(2), 19(2). See also House of Commons Debates, 37th Parl, 1st Sess, No 204, (June 12, 2002)  

at 1700 (Parliamentary Secretary to Hon. Anne McLellan), Appellant’s BoA, Tab 14. 
46 SOR/2006-124. 
47 PCPA, s. 7(6)(a). 
48 Committee Report, Chapters 8 and 10, pp 144, 237, https://www.ourcommons.ca/DocumentViewer/en/36-

2/ENVI/report-1/, Appellant’s BoA, Tab 15.   

https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-2.html#h-418134
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-3.html#docCont
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-4.html#docCont
https://laws.justice.gc.ca/eng/regulations/SOR-2006-124/index.html
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-2.html#h-418134
https://www.ourcommons.ca/DocumentViewer/en/36-2/ENVI/report-1/
https://www.ourcommons.ca/DocumentViewer/en/36-2/ENVI/report-1/
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case, because glyphosate had not been re-evaluated for 41 years.  

38. The third pillar of the statutory scheme is public participation. The PCPA 

invites public participation in the regulatory process to further the statute’s objects 

This public participation pillar is recognised as an “ancillary objective” in s. 4(2)
49

 and 

also in the preamble, which states: 

WHEREAS it is in the national interest that … 

… those persons whose interests and concerns are affected by the 

federal regulatory system be accorded a reasonable opportunity to 

participate in the regulatory system in ways that are consistent with 

the attainment of its objectives… 

39. The statutory scheme reflects the public participation pillar in several places. 

Members of the public are consulted on registration decisions (s. 28); they may 

provide objections to registration decisions (s. 35); they can provide new information 

about a PCP and ask for a special review (s. 16(1)); and the public is to be consulted 

on policies, guidelines and codes of practise (s. 42.1). The notice of objection process 

is the only public participation mechanism in the PCPA that involves examining the 

quality of risk assessments underlying re-evaluation decisions.  

40. The public protection purpose of the PCPA is also captured in the  

precautionary approach of the regulatory scheme. The precautionary principle is 

expressly codified in the context of decisions following a re-evaluation or special 

review under s. 20(1) of the Act,
50

 but for initial registration decisions the legislative 

intent is for an even higher standard to apply.
51

  

41. All decision-making of the PMRA and the Minister under the Act must comply 

                                                 
49 Subsection 4(2) provides: “Consistent with, and in furtherance of, the primary objective, the Minister shall …(c) 

encourage public awareness in relation to pest control products by informing the public, facilitating public access to 

relevant information and public participation in the decision-making process”. 
50 Subsection 20(1) provides: “Where there are threats of serious or irreversible damage, lack of full scientific 

certainty shall not be used as a reason for postponing cost-effective measures to prevent adverse health impact or 

environmental degradation.” 
51 At a Senate Committee meeting when asked why the precautionary principle applied to the sections of the bill 

dealing with re-evaluations but not to the other sections, the Executive Director of the PMRA explained: 

[I]t is in the part of the bill dealing with re-evaluation because those products are already out in the 

marketplace. If there is some reason to believe there is a problem with them, we may want to be able to 

act quickly rather than wait until we have all of the scientific evidence. In the other part of the bill, new 

products do not get on the market until we are convinced that there is reasonable certainty of no harm. 

That is actually a more stringent endpoint than the precautionary principle. 

https://sencanada.ca/en/Content/SEN/Committee/372/SOCI/03evb-e?Language=E&Parl=37&Ses=2&comm_id=47, 

Appellant’s BoA, Tab 16. 

https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-2.html#h-418081
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-5.html#docCont
https://sencanada.ca/en/Content/SEN/Committee/372/SOCI/03evb-e?Language=E&Parl=37&Ses=2&comm_id=47
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with the rationale and purview of the statutory scheme, including the public protection 

purpose and the three pillars through which that purpose is achieved. 

b. Specific constraints under the statutory scheme on the discretion 

to establish a review panel 

42. In addition to the constraints imposed broadly by the statutory scheme, the 

Minister’s exercise of discretion must also comport with the specific constraints 

imposed by the governing legislative scheme.
52

 In this case, the legislature did not give 

the Minister a broad, open-ended discretion to establish or refuse a review panel. 

Rather, Parliament chose to circumscribe the discretion by making it subject to 

regulation. The RP Regulations limit the Minister’s discretion by dictating factors that 

the Minister shall consider in arriving at a review panel decision.  

43. The RP Regulations are made under, and add dimension, to the notice of 

objection process created under s. 35 of the Act. Once the PMRA has made a 

registration decision (including in respect of a re-evaluation), s. 35(1) of the Act allows 

“any person” to file a notice of objection. Upon receipt of a notice of objection, s. 

35(3) provides that the Minister “may, in accordance with the regulations, if any, 

establish a panel of one or more individuals to review the decision and to recommend 

whether the decision should be confirmed, reversed or varied”. If the Minister decides 

not to establish a review panel, she must provide written reasons explaining a review 

panel will not be established.  

44. Section 2 of the RP Regulations specifies what information shall be included in 

a notice of objection. Section 3 sets out factors the Minister must consider in 

determining whether to establish a review panel. 

45. While the language in s. 35(3) of the Act appears to afford broad discretion to 

the Minister to establish or refuse to establish a review panel, that discretion is 

constrained by s. 3 of the RP Regulations. That provision requires the Minister, when 

deciding whether to establish a review panel, to consider (a) whether the notice of 

objection raises scientifically founded doubt as to the validity of the evaluations the 

health and environmental risks of the product, and (b) whether the advice of expert 

scientists would assist in addressing the subject matter of the objection.  

                                                 
52 Vavilov, 2019 SCC 65, at ¶108 citing Montreal (City) v Montreal Port Authority, 2010 SCC 14, at ¶¶33, 40-41, 

Appellant’s BoA, Tabs 1, 10. 

http://canlii.ca/t/j46kb
http://canlii.ca/t/29850
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46. In sum, the governing statutory scheme constrained the Minister’s exercise of 

discretion to establish a review panel in several ways. The Decision had to: (a) accord 

with the primary statutory objective of preventing unacceptable risks to individuals 

and the environment from the use of PCPs; (b) comport with the pillars of the PCPA 

calling for a scientifically-based approach, strong re-evaluations, and public partici-

pation; and (c) take into account the factors set out in s. 3 of the RP Regulations. 

47. As will be discussed further below, the PMRA decision refusing to establish a 

review panel was not reasonable in light of those constraints.  

ii. Constraint 2: The principles of statutory interpretation 

48. The reasonableness of the PMRA Decision was also constrained by the 

principles of statutory interpretation. In deciding whether to establish a review panel to 

consider the NOO, the PMRA had to interpret both s. 35 of the Act and the RP 

Regulations, especially s. 3. The PMRA’s interpretation of a statutory provision had to 

be consistent with the text, context and purpose of the provision.
53

  

49. The PMRA’s Decision does not reflect an interpretation, whether implicit or 

explicit, that is consistent with the text, context and purpose. In fact, the Decision 

Letter provides no interpretation at all; it reveals no effort whatsoever by the PMRA to 

interpret the relevant statutory provisions; it merely provides a bare recitation of the 

factors in s. 3 of the RP Regulations. Nowhere in the Decision does the PMRA explain 

to the Appellant or a reviewing court how it interpreted the relevant provisions or what 

considerations bore on the exercise of its discretion.   

50. There may be cases in which a decision maker has not explicitly considered the 

meaning of a relevant provision in its reasons, but the reviewing court is able to 

discern the interpretation adopted by the decision maker from the record and determine 

whether that interpretation is reasonable.
54

 This is not such a case. The record reveals 

no analysis by the PMRA of the meaning of the relevant provisions or how the 

provisions had to be applied to the NOO.
55

 

                                                 
53 Vavilov, 2019 SCC 65, at ¶¶117-121, Appellant’s BoA, Tab 1. 
54 Vavilov, 2019 SCC 65, at ¶123, Appellant’s BoA, Tab 1. 
55 The record reveals no attempt to interpret the factors in either the briefings for or the minutes of the Science 

Management Committee meetings: Minutes and Briefing Notes, 2017-2018, McDonald Affidavit Exhibit P, 

http://canlii.ca/t/j46kb
http://canlii.ca/t/j46kb
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51. The PMRA’s Decision is not consistent with the text, context and purpose of 

the operative provisions.  The operative provisions the PMRA had to apply in this 

case—s. 35 of the Act and s. 3 of the RP Regulations—must be understood not only by 

their own text, but also in the context of the Act and its purposes, as described above. 

In addressing the role of statutory interpretation principles in this case, the Appellant 

will focus on two particular aspects of the requirement in s. 3(a) of the RP 

Regulations: (1) that the Minister consider whether the information in the notice of 

objection “raises scientifically founded doubt”; and (2) that the “doubt” relate to the 

“validity of the evaluations, on which the decision was based, of the health and 

environmental risks” of the PCP. 

a. Interpretation of “raise a scientifically founded doubt” 

52. Paragraph 3(a) of the RP Regulations calls on the Minister to assess whether 

“the information in the notice of objection raises scientifically founded doubt”. These 

words set a low standard. RP Regulations do not require that the NOO “establish”, 

“prove” or “persuade”, for example. And “raising a doubt” does not indicate, despite 

the finding of the Application Judge, that the NOO must show a “well-founded 

scientific doubt about a conclusion” demonstrated by “at least one controlled peer 

reviewed study published in a reputable journal” or “challenge the science”.
56

   

53. The context of the PCPA also signals a low standard. The choice of the words 

“raise a doubt” in the RP Regulations contrasts with s. 7(6) of the PCPA, which puts 

the onus on an applicant (at the application stage) to “persuade” the Minister that the 

health and environmental effects and the value of the PCP are acceptable.   

54. The words “raises scientifically founded doubt” should also be viewed through 

the lens of the legal concept of ‘doubt’ in other areas of Canadian law. The legal 

concept of ‘reasonable doubt’ is deeply entrenched in criminal law. In choosing to use 

the same word ‘doubt’ in s. 3(a) of the RP Regulations, the Governor in Council must 

be presumed to have intended a consistent meaning. As explained in Ruth Sullivan’s 

authoritative text on the construction of statutes:  

                                                                                                                                             
Appeal Book, Tab 6P, pp 811-853. However, meeting notes reveal efforts to craft arguments to dismiss the 

objections: Glyphosate NOO meeting notes, CTR, Tab 44, Appeal Book, Tab 32, pp 2591-2592. 
56 Federal Court Judgment and Reasons, paras 17, 19, Appeal Book, Tab 2, pp 21-22.  
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When used in legislation, common law terms and concepts are 

presumed to retain their common law meaning. … 

For the presumption to apply it is unnecessary that the legislation 

exactly reproduce the common law terminology. So long as it uses 

language that is apt to refer to the common law principle or concept, the 

presumption applies.
57

 

55. The choice of “scientifically founded” as a qualifier of “doubt” in s. 3(a) of the 

RP Regulations indicates an intention to modify the criminal law standard of 

‘reasonable doubt’. However, there is no indication that the Governor in Council 

intended to change the meaning of the word ‘doubt’ when it used that word in the 

Regulations. To the contrary, it should be resumed that the word ‘doubt’ retains its 

common law meaning—but the basis for that doubt must be scientifically founded.  

56. In R v Lifchus, the Supreme Court of Canada described ‘reasonable doubt’ in 

the context of the standard of proof in criminal cases according to the following 

characteristics: (1) reasonable doubt is logically connected to evidence or the absence 

of evidence; (2) it does not require proof to an absolute certainty; and (3) it is not proof 

beyond any doubt nor is it an imaginary or frivolous doubt.
58

 

57. Drawing on the Lifchus definition of ‘reasonable doubt’ and the direction in s. 

3(a) of the RP Regulations that the NOO must raise a ‘doubt’ that is scientifically 

founded, the Appellant submits that the reasonable interpretation of the words in s. 

3(a) is that a “scientifically founded doubt” is logically connected to evidence or the 

absence of evidence that is scientifically founded. It is doubt that arises logically from 

a consideration of the evidence on a point that is scientifically founded, or the lack 

thereof.
59

 

58. This interpretation of “scientifically founded doubt” is also consistent with the 

context of s. 3(a) within the RP Regulations. Section 2 of the Regulations spells out 

what must be included in a notice of objection, and it does not require proof to an 

absolute certainty or beyond a doubt. It requires that the notice of objection include:  

                                                 
57 Ruth Sullivan, Sullivan on the Construction of Statutes, 6th Ed (LexisNexis Canada Inc.) §17.14, Appellant’s 

BoA, Tab 17. See also R v Holmes, [1988] 1 SCR 914 at 929-930, Appellant’s BoA, Tab 11.  
58

 R v Lifchus, [1997] 3 SCR 320 at ¶36, Appellant’s BoA, Tab 12.  
59 National Judicial Institute, Model Jury Instructions, section 5.1, https://www.nji-

inm.ca/index.cfm/publications/model-jury-instructions/preliminary-instructions/fundamental-

principles/presumption-of-innocence-burden-of-proof-and-reasonable-doubt/, Appellant’s BoA, Tab 18.  

https://www.canlii.org/en/ca/scc/doc/1988/1988canlii84/1988canlii84.pdf
http://canlii.ca/t/1fqzt
https://www.nji-inm.ca/index.cfm/publications/model-jury-instructions/preliminary-instructions/fundamental-principles/presumption-of-innocence-burden-of-proof-and-reasonable-doubt/
https://www.nji-inm.ca/index.cfm/publications/model-jury-instructions/preliminary-instructions/fundamental-principles/presumption-of-innocence-burden-of-proof-and-reasonable-doubt/
https://www.nji-inm.ca/index.cfm/publications/model-jury-instructions/preliminary-instructions/fundamental-principles/presumption-of-innocence-burden-of-proof-and-reasonable-doubt/
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(a) the scientific basis for the objection to the evaluations, on which the 

decision was based, of the health and environmental risks and the value of the 

pest control product; and 

(b) the evidence to support the objection, including scientific reports or test 

data.  

59. The need for a “scientific basis” for the objection asks for a rationale or a line 

of reasoning—a theory—that is based in science.
60

 The rationale must be accompanied 

by supporting evidence, as set out in s. 2(d)—which may include scientific reports or 

data, but is left open-ended.   

60. With respect to purpose, s. 3(a) allows for members of the public to raise 

objections as a “check” on the decision-making and analysis conducted by PMRA in 

its risk assessment. That is exactly what the Objectors did in this case through the 

NOO. This purpose is supported by the fact that the notice of objection process is the 

only public participation mechanism in the PCPA that examines re-evaluations. 

61. The above interpretation of raising a “scientifically founded doubt” as to the 

validity of an evaluation is also consistent with the public protection purpose of the 

PCPA and the associated requirement that the Minister may consider the risks of a 

PCP to be “acceptable” only if there is a “reasonable certainty” that the PCP will cause 

no harm to human health, future generations or the environment. 

62. If a NOO raises a “doubt” that is logically connected to scientifically founded 

evidence (or the absence of such evidence) regarding the validity of the evaluations of 

risks, then the Minister cannot be reasonably certain that the PCP will cause “no 

harm”.  In such a case it is appropriate for the Minister to exercise her discretion to 

establish a review panel to investigate the concern. Once a scientifically founded doubt 

has been raised,  the consideration and advice of a review panel will often be necessary 

before there can be reasonable certainty of no harm.
61

  

63. The foregoing interpretation also supports the public participation objective of 

the PCPA. If too high a bar were set for raising “scientifically founded doubt”, it 

                                                 
60 This concept of a “rationale” with evidence to support runs throughout PMRA statements. For example,  

“scientific rationale” is mentioned in the first page of the Decision Letter, Appeal Book, Tab 4, p 54.  
61 See also Wier v Canada (Health), 2011 FC 1322, at ¶¶97-98, albeit in respect of s. 17(1) of the PCPA, which 

imposes a threshold of “reasonable grounds to believe”, which is higher than “scientifically founded doubt”: 

Appellant’s BoA, Tab 13.  

http://canlii.ca/t/fnwpj
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-4.html#docCont
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would frustrated the public participation object since members of the public do not 

have the resources to conduct or commission scientific studies. This interpretation is 

also consistent with the precautionary principle codified in the PCPA.  

64. The PMRA failed to adopt or apply the above interpretation of “scientifically 

founded doubt” or any other interpretation of that phrase, and the substance of the 

Decision was not justified by any reasonable interpretation of the statutory wording. 

65. The Application Judge fell into error by not assessing whether the PMRA had 

reasonably interpreted the words “raises a scientifically founded doubt”. She 

compounded that error by arriving at her own interpretation, which buttressed the 

PMRA’s conclusion but did not reflect the text, context and purpose of the legislation. 

The Application Judge equated “raise a scientifically founded doubt” to “contradict a 

conclusion” or “challenge the science”. She also held that such doubt must be based on 

“at least one controlled peer reviewed study published in a reputable journal”. 

Respectfully, those interpretations (which are not derived from the PMRA’s Decision) 

are not supported anywhere by the text, context or purpose of s. 3 of the RP 

Regulations, or the PCPA or its purpose.  

b. Interpretation of “validity of the evaluations … of the health and 

environmental risks” 

66. Beyond the words “scientifically founded doubt”, the PMRA offered no 

interpretation of the other pertinent part of s. 3(a): that the doubt be raised as to the 

“validity of the evaluations, on which the decision was based, of the health and 

environmental risks and the value of the pest control product”. 

67. The text and plain wording of s. 3(a) the RP Regulations are clear that the 

focus of the doubt is on the “validity” of the evaluations. The words “validity of the 

evaluations” may be capable of a range of meanings. The Appellant accepts that a 

“valid” evaluation could be informed by the institutional setting and context of a 

PMRA decision. However, as with “scientifically founded doubt”, the PMRA offered 

no interpretation, explanation or insight in the Decision into how it understood and 

applied that concept to the NOO. The PMRA simply provided explanations that 

countered or explained away the points raised, or ignored them altogether, without 

considering whether or how those objections might raise doubt about the validity of the 
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evaluations of health risks. Significantly, PMRA stated in the Decision Letter that the 

requirement for a review panel was “based on the validity and scientific plausibility of 

the issues raised in the [NOO]”. From that statement it appears the PMRA’s focus 

was, at best,
62

 on the “issues raised” in the NOO, and not—as it should have been 

according to s. 3(a)—on whether or how those issues impacted the validity of the 

evaluations.  

68. Had the PMRA turned its mind to what s. 3(a) required, it would have 

appreciated that the statutory scheme is very clear about what are the relevant 

“evaluations” for the purpose of s. 3(a) of the RP Regulations. The relevant 

“evaluations” are the “reports of the evaluation of the health and environmental risks 

and the value” that form part of a “consultation statement”, as described in s. 28 of the 

PCPA. The scheme operates as follows: 

(a) Under s. 28(1) the Minister must consult the public (and government 

agencies) before making a continued registration decision following a re-

evaluation.  

(b) The Minister initiates the consultation by publishing a “consultation 

statement” and inviting written comments (s. 28(2)).   

(c) Section 28(3) sets out the content of the required consultation statement: 

Consultation statement  

28(3) The consultation statement shall include  

(a)  a summary of any reports of the evaluation of the 

health and environmental risks and the value of the pest 

control product prepared or considered by the Minister; 

(b)  the proposed decision and the reasons for it; and 

(c)  any other information that the Minister considers 

necessary in the public interest. 

(d) Subsection 28(4) requires the Minister to consider comments received in 

the consultation before making a decision. 

                                                 
62 With respect to the NOO, it appears the focus of the PMRA’s Science Committee was not even on issues. The 

NOO’s objections were presented in a table in Appendix 1 to the briefing note for the July 6, 2017 meeting in the 

form of summary phrases (1 to 5 words) that were not specific to the objections actually made. The evidence was 

not presented: Briefing Note, July 6, 2017, McDonald Affidavit Exhibit P, Appeal Book, Tab 6P, pp 824-832. 
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(e) Subsection 3(a) of the RP Regulations calls for the Minister to consider 

whether a notice of objection raises scientifically founded doubt about the 

validity of the evaluation of the health and environmental risks and the value of 

the PCP as disclosed in the consultation statement. 

69. In this case, the PRVD is the “consultation statement” under s. 28(3). It 

contains a section entitled “Science Evaluation”, which constitutes the “reports of the 

evaluation of the health and environmental risks”. Applying the presumption of 

consistent expression,
63

 the reference to “evaluations, on which the decision was 

based, of the health and environmental risks … the pest control product” in s. 3(a) of 

the RP Regulations should be understood to be the same “evaluation of the health and 

environmental risks” referred to in s. 28(3) of the PCPA. 

70. The link between “evaluation” in s. 28(3) of the PCPA and “evaluation” in s. 

3(a) of the RP Regulations is supported by the PMRA’s own guidance documents. The 

PMRA’s process for evaluating the risks and value of a PCP is set out in a publication 

entitled Health Canada Decision-Making Framework for Identifying, Assessing and 

Managing Health Risks (the “Framework”). The Framework consists of a series of 

interconnected and interrelated steps for decision-making, comprised of issue 

identification, risk assessment and risk management.
64

 The second step, “risk 

assessment”, maps onto the evaluation of risks that is the subject of s. 3(a) of the RP 

Regulations and that was detailed in the Science Evaluation section of the PRVD.  

71. According to the Framework, the goal of a risk assessment is to estimate the 

level of harm posed by a substance (the “hazard”) and the levels of exposure to that 

harm (the “exposure”), to make an assessment of whether there are risks of concern. A 

risk assessment follows a four step process that is internationally recognized.
65

 The 

first two of the four steps (“hazard identification” and “hazard characterization”) are 

concerned with identifying the hazard, the third (“exposure assessment”) is concerned 

with determining the exposure, and the fourth (“risk characterization”) is the 

                                                 
63 Ruth Sullivan, Sullivan on the Construction of Statutes, 6th Ed (LexisNexis Canada Inc.) §§8.32-8.35, 

Appellant’s BoA, Tab 17. 
64 Framework, p 10, McDonald Affidavit Exhibit “A”, Appeal Book, Tab 6A, p 96. 
65 SPN2000-01 Technical Paper, p. 6, McDonald Affidavit Exhibit “B”, Appeal Book, Tab 6B, p 151. The 

Framework describes the steps as: (1) hazard identification (is it harmful?); (2) hazard characterization (how 

harmful is it?); (3) exposure assessment (what levels are humans exposed to);  and then (4) risk characterization (a 

summary and integration of the scientific analysis from the preceding tasks). The steps are summarised in the 

Framework, p 27, McDonald Affidavit Exhibit “A”, Appeal Book, Tab 6A, p 113. 
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assessment itself, based on the previous steps. 

72. Part of the first step is “identifying the mode and mechanism of action of the

agent”,
66

 and part of the third step is determining how much of the agent a population

or subpopulation is exposed to through various exposure pathways, including through 

their food.
67

 The Framework emphasizes “it is important to include all relevant

scientific data in the assessment of health risks”.
68

73. The focus in s. 3(a) of the Regulations is on the validity “of the evaluations, on

which the decision was based”, rather than on the decision itself.
69

 Because the

evaluations are comprised of a four step process, the focus of the inquiry must be on 

the analysis set out in the PRVD for each of the four steps of the risk assessment 

process—not on just the last step, the outcome or conclusion of the process, which was 

the focus of the Application Judge.  

74. The regulatory scheme focuses on the process for a risk assessment because a

sound process engenders confidence in the outcome. Conversely, a conclusion based 

on a flawed process cannot be considered a valid conclusion leading to a “reasonable 

certainty that no harm to human health, future generations or the environment will 

result from exposure to or use of the product”. An emphasis on process emphasis thus 

supports the public protection purposes of the PCPA.  

75. The Framework notes the following as requirements of risk characterization:

 Get the science right: Ensure that the underlying analysis meets high

scientific standards in terms of measurement, analytic methods, databases

used, plausibility of assumptions, and consideration of both the magnitude

and the nature or uncertainty, taking into account limitations that may result

from the level of effort expanded on the analysis.

 Get the right science: Ensure that the analysis addresses the significant

risk-related concerns of public officials and the spectrum of interested and

affected parties. Set priorities for assessment so as to emphasize the issues

most relevant to the decision.
70

66 Framework, p 29, McDonald Affidavit Exhibit “A”, Appeal Book, Tab 6A, p 115. 
67 Framework, pp 30, 31, McDonald Affidavit Exhibit “A”, Appeal Book, Tab 6A, pp 116-117. 
68  Framework, p 27, McDonald Affidavit Exhibit “A”, Appeal Book, Tab 6A, p 113. Emphasis added. 
69 This interpretation is consistent with the distinction in s. 28(3) of the PCPA between the “reports of the 

evaluation of the health and environmental risks” in 28(3)(a) and the “proposed decision” in 28(3)(b).  
70 Framework, p 33, McDonald Affidavit Exhibit “A”, Appeal Book, Tab 6A, p 120. 

https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-5.html#h-418350
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-5.html#h-418350
https://laws-lois.justice.gc.ca/eng/acts/P-9.01/page-5.html#h-418350
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76. Given that the PMRA did not provide any interpretation in the Decision on the 

meaning of “validity of the evaluations”, the Appellant encourages the Court to 

recognise that the PCPA and the Framework call for the following interpretation:  In 

order to raise doubt as to the “validity of the evaluations” of risk on which a 

registration decision was based, a NOO must point to concerns with measurement, 

analytic methods, databases used, plausibility of assumptions and/or the treatment of 

uncertainty in any of the steps in the process, or show that all relevant current scientific 

data was not included in the assessment of health risks. In other words, raise a doubt 

that PMRA “got the science right” or “got the right science”.  

iii. Constraint 3: The impact on individuals 

77. Vavilov requires that “where the impact of a decision on an individual’s rights 

and interests is severe, the reasons provided to that individual must reflect the 

stakes.”
71

 A decision to continue a PCP registration where there is scientifically 

founded doubt surrounding the validity of the risk assessments relating to that PCP 

could have serious health consequences. The decision affects the interest of Ms. 

McDonald in obtaining uncontaminated, safe protein sources in her diet. The Decision 

has great significant for her health.  

78. Further, since a decision that affects the life, liberty or dignity of one individual 

“must reflect the stakes”, a fortiori that must apply where a decision has the potential 

to affect the health of millions of Canadians as is the case with the PMRA’s decision 

to continue the registration of glyphosate. The PRMA’s refusal to establish a review 

panel in the face of the serious concerns raised in the NOO impacts not only the 

Appellant and Ms. McDonald, but all Canadians. The PMRA failed to grapple with 

those consequences or to “explain why its decision best reflects the legislature’s 

intention”.
72

 The culture of justification demanded much more from the PMRA for its 

decision to pass muster on reasonableness review. 

iv. Constraint 4: The evidence and submissions 

79. Finally, the PMRA’s decision was constrained by the facts and submissions 

before it, which raised scientifically founded doubt as to  the validity of the evaluations 

                                                 
71 Vavilov, 2019 SCC 65, at ¶133, Appellant’s BoA, Tab 1. 
72 Vavilov, 2019 SCC 65, at ¶133, Appellant’s BoA, Tab 1.  

http://canlii.ca/t/j46kb
http://canlii.ca/t/j46kb
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of the health risks on which the RVD was based.
73

 The submissions and evidence in 

the NOO revolved around three main arguments: (1) that due to translocation to seeds, 

high levels of glyphosate accumulate in seeds of certain desiccated plants that are not 

mature, and the associated risks were not considered in the risk assessment; (2) that 

accurate, relevant consumption data was not used in the assessment of dietary 

exposure; and (3) that indeterminate crops will always attract high levels of glyphosate 

in their seeds, which means that there will always be an unacceptable risk with these 

crops that cannot be mitigated by labels.  

a. Submissions regarding translocation, high residue levels and the 

determining variable of physiological maturity  

80. The PRMA did not meaningfully grapple with the submissions set out in 

Objection 1 of the NOO. The Decision did not address the concern that when 

glyphosate is applied to crops pre-harvest, it translocates to the seeds. Nor did it 

respond to the “physiological maturity” point that residues levels in the seed will be 

higher if desiccation occurs before the plant is physiologically mature. The NOO made 

these points alongside a body of supporting scientific literature and data.
74

 

81. The PMRA fundamentally misapprehended the evidence presented in 

Objection 1. The PMRA stated that it had assessed the scientific literature cited in 

support of Objection 1 and that “the cited references show that residues of glyphosate 

increase when applied as a preharvest treatment when the moisture content of the crop 

is more than 30%.”
75

 It then indicated there is no concern because labels require 

application at less than 30% moisture content.   

82. However, the articles referenced in Objection 1 did not show that residues 

increase when applied at more than 30% crop moisture content.  Where the studies 

speak to moisture at all, they speak to seed moisture content, not crop moisture 

content. And only three of them
76

 used seed moisture content as the sole variable for 

                                                 
73 Vavilov, 2019 SCC 65, at ¶¶125-128, Appellant’s BoA, Tab 1. 
74 NOO, McDonald Affidavit Exhibit “K”, Appeal Book, Tab 6K, pp 370-372 and supporting articles cited therein 

which are at Appeal Book, Tabs 6L2-6L3, 6L5, 6L7, 6L8, 6L9, 6L12, 6L13, 35. 
75 The Respondent’s affidavit, Isabelle Pilote, also focusses exclusively on moisture content in her affidavit: 

Affidavit of Isabelle Pilote, affirmed June 27, 2019, ¶37 Appeal Book, Tab 8, p 1018.  
76 Only three of them (the Zhang studies at Tabs 6L8, 6L9 and 6L12 of the Appeal Book all relating to red lentils) 

used seed moisture content as the sole variable for determining residues.  Three studies by Cessna et al (at Tabs 

6L2, 6L3 and 35 of the Appeal Book) examined “stage of crop development” (i.e. physiological maturity) and 

although seed moisture content was an indicium of stage of development, it was combined with a second indicium, 

http://canlii.ca/t/j46kb
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determining residues. In one study,
77

 moisture content was not even a variable; the 

variable was “maturity” and it was based on the percentage of pods changing colour. 

Some of the studies explain the relationship between physiological maturity and 

moisture content, and others point out the problems with using seed moisture content 

as a determining variable. For instance, the authors of one study state:    

Several factors can influence the magnitude of residues in/on the seed 

of wheat which has received preharvest application of glyphosate. The 

physiological stage of the crops at the time of glyphosate application is 

one of the most important.  The more physiologically mature the 

crop, the lower its  moisture content and the lower the chance of 

uptake and translocation to the seed.
78

  

83. PMRA’s misunderstanding of Objection 1 and the underlying evidence led it to 

focus on only ONE of the two variables raised in the NOO (moisture content), and, in 

turn, to respond that the labels are a complete answer for the relevant variable. 

However, labels are not a solution to the risk of high levels, because they speak to 

moisture content only, not to physiological maturity.
79

 The glyphosate labels state that 

spraying should occur when the crop has 30% or less grain moisture content, and then 

provides visual indicators “for this stage in each crop”.
80

 The labels are clear that 

visual indicators are provided to assist in determining when a seed has reached the 

stage of 30% moisture content; they do not indicate that these visual indicators also 

reflect the appropriate stage of physiological maturity. As such, they might address the 

risk of high levels associated with spraying glyphosate on crops with more than 30% 

seed moisture content, but do not address the risk of high levels associated with 

                                                                                                                                             
seed condition, in one of the studies (the 2002 study on field pea, barley and flax at Tab 6L3 of the Appeal Book). 

In another study (the 2000 study on canola) it was concluded that "seed moisture content was not a reliable 

indicator" of stage and "should not be the only criterion used”: p 427, Appeal Book, Tab 6L2, p 401.  
77 McNaughton et al, “Effect of application timing of glyphosate and saflufenacil as desiccants in dry edible bean,” 

McDonald Affidavit Exhibit L7, Appeal Book, Tab 6L7, pp 458-464. 
78 Cessna, A.J. et al, Wheat Seed Study, 1994, at 654, CTR, Tab 49, Appeal Book, Tab 35, p 2633. Similarly, the 

second Cessna Canola Seed Study, 2000 (at 427) states: “The agronomy data also established that, due to the 

dependence of seed/pod moisture content on environmental conditions, seed/pod moisture content was not a 

reliable indicator of canola development and should not be the only criterion used to indicate the appropriate time 

for preharvest glyphosate application”, McDonald Affidavit Exhibit “L2”, Appeal Book, Tab 6L2, p 401. The  

Cessna Field Pea, Barley and Flax Study, 2002 makes a similar point (at 489) (as part of the conclusion that the 

primary determinants for residues were rate of application and physiological maturity), stating: “residues of the 

herbicide and its metabolite were also affected by rainfall washoff and by environmental conditions that affected the 

moisture content of the crop”, McDonald Affidavit Exhibit “L3”, Appeal Book, Tab 6L3, p 412. 
79 In addition, the labels are long and complex. See, for example, CTR, Tab 4, Appeal Book, Tab 11, pp 1159-1258. 
80 CTR, Tab 4, p 79, Appeal Book, Tab 11, pp 1237. 
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spraying on crops that are physiologically immature.  

84. Objection 1 raised scientifically founded doubt about the validity of the 

evaluations of risk on which the RVD was based. Translocation represents the “mode 

or mechanism of action” of glyphosate in a plant, and as such should have formed part 

of the “hazard identification” step of the risk assessment process. The fact that it was 

not indicates that the PRMA did not examine “all relevant scientific data” in its risk 

assessment process, as it ought to have. A panel of independent scientists would assist, 

including by investigating the mechanism of action of glyphosate, that causes it to 

accumulate in high levels in cereals and legumes 

85. Objection 2 in the NOO submitted that the PMRA did not discuss dietary 

exposure from desiccated crops and did not examine the risk arising from such 

exposure.. The NOO called for an examination of such risks, particularly given the 

mechanism of translocation that had been explained already in Objection 1.  

86. The PMRA did not respond to the two points, failing entirely to grapple with 

the issues. It stated only that the pre-harvest “use” of glyphosate had occurred in 

residue trials and that therefore the dietary exposure assessment had encompass pre-

harvest use. However the fact that a dietary risk assessment included pre-harvest use 

does not mean there was an examination of either: (a) the potential for harm (high 

residue levels from translocation) arising from exposure to desiccated crops; or (b) the 

magnitude of exposure to such harm—both of which are required in a valid risk 

assessment, which was pointed out in the objection.  

87. Objection 2 raised scientifically founded doubt about the validity of the 

evaluations. The PMRA did not identify the risk of potential high glyphosate residue 

levels due to translocation as a risk that must be assessed. This raises serious questions 

about the conclusion that there are “no unacceptable risks”. If a risk has not been 

examined, it cannot be said with reasonable certainty that no harm will result from this 

unexamined risk. Moreover, the absence of evidence on this risk is a sign that PMRA 

did not “get the right science” and raised doubt about the validity of the evaluation. An 

independent panel could assist investigate by investigating the use of more relevant 

and accurate data from other databases on Canadian consumption, and also the use of 

up to date modelling methods for exposure. 
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b. Submissions regarding the indeterminate nature of plants, 

chickpeas, and that the unacceptable risk cannot be mitigated  

88. The rationale of Objection 5 was that the risk associated with desiccation 

cannot be mitigated by labels that require spraying at less than 30% seed moisture 

content for three reasons: (1) indeterminate plants, by their nature, always have young 

seeds that have seed moisture of more than 30%, (2) seed moisture content is affected 

by weather, and (3) the determination of moisture content by visual indicators is prone 

to error. The NOO provided evidence supporting these points, and concluded that there 

is no reasonable certainty of “no harm” given these points. 

89. Again, the PMRA did not grapple with the issues and central arguments raised 

in the submission. It did not respond at all to the points raised, particularly the central 

argument that indeterminate plants will always have young seeds
81

 that will always 

attract glyphosate. Nor did the PMRA justify, in light of the NOO’s arguments on 

these points, a conclusion that there is “no harm”. It merely noted that the labels 

indicate when to spray.   

90. The concerns relating to indeterminate plants are exacerbated in the case of 

chickpeas, because not only are they indeterminate and (as discussed below) there is 

evidence showing dietary consumption of chickpeas has increased, but also the PMRA 

has never collected any data whatsoever about the pre-harvest use of glyphosate on 

chickpea crops.
82

 As noted above, the study that formed the basis for permitting pre-

harvest use of glyphosate on chickpea crops was flawed. The 1992 Review is outdated 

and related to a different crop entirely. Most significantly, the study “ignored” three 

residue test samples because they had high moisture content and had been applied 

prior to maturity. Of course, physiological maturity and moisture content are 

determining variables for residue levels, and the PMRA considers residue levels to be 

“an essential part of ensuring that the dietary intake of pesticide does not lead to 

unacceptable exposure and risks to human health”. By failing to even look at the 1992 

review to appreciate its flaws—let alone consider the need for new data for pre-harvest 

use on glyphosate in chickpeas—the PMRA did not take into account the relevant 

                                                 
81 As noted by the Application Judge, with indeterminate plants “even at harvest time, parts of the plant may be 

immature”: Federal Court Judgment and Reasons, para 25, Appeal Book, Tab 2, p 24. 
82 The PMRA continues to rely on old, problematic data from the 1992 Review relating to a different crop (white 

bean) to support uses on chickpeas, without having even looked at the 1992 Minor Use Review report: Email from 

G Evans (AGC counsel) to A Gonsalves, July 11, 2019, Filed Under Seal. 
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evidence on the concerns relating to chickpeas.  

91. Scientifically founded doubt about the validity of the evaluations was raised in 

Objection 5 and in the evidence—and absence of evidence—specific to the fate of 

glyphosate in indeterminate crops. The fact that indeterminate crops will always have 

moist seeds and poses a risk that cannot be mitigated by labels casts doubt as to the 

outcome of the evaluation that there are no risks of concern or unacceptable risks. An 

independent panel could assist investigate by identifying the stages of physiological 

maturity that are problematic, and revising the labels to account for this variable. 

c. Submissions regarding dietary risk assessment  

92. Objection 3 was that the dietary data used in the dietary exposure assessment 

was outdated, from the US, and insufficient for evaluation purposes particularly 

because it does not account for the significant increase in the consumption of pulses 

like chickpeas and lentils over time.
83

  

93. In its Decision, the PMRA failed to account for the evidence concerning 

increased consumption of pulses.
84

 It simply ignored the point. It also did not 

meaningfully grapple with the submission that the outdated data is insufficient for 

purposes of evaluating glyphosate and that accurate, current data is required. It made 

statements concerning “consistency” between the old data and a newer database, but 

did not explain why the newer data was not used or explain on what basis it found the 

old and new databases to be “consistent”.
85

 The Decision expressed the PMRA’s 

“expectation” that the results would have been the same had updated consumption data 

been used, but a mere “expectation” does not support a valid evaluation and has no 

place in a scientifically based risk assessment.  

94. The PMRA unreasonably failed to find that Objection 2 raised scientifically 

founded doubt about the validity of the evaluations. The absence of current, reliable 

food consumption data indicates PMRA did not obtain all “relevant scientific data” or 

                                                 
83 NOO,  McDonald Affidavit Exhibit “K”, Appeal Book, Tab 6K, pp 373-377 and references cited therein. 
84 NOO,  McDonald Affidavit Exhibit “K”, Appeal Book, Tab 6K, p 375: The consumption of chickpeas in the 

United States has grown at least 90% since 2010. As stated in the NOO, “hummus is a dip made form chickpeas, 

and over a quarter of Americans reported in 2014 that they had the dip in their refrigerators”. 
85 The application judge put the onus on the Objectors to provide “dietary consumption data of the sort relied upon 

by the PMRA” (Federal Court Judgment and Reasons, ¶56, Appeal Book, Tab 2, p 33), even though the onus is 

on the registrant to persuade PMRA that the risk are acceptable.  
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“get the right science”. The fact that an older model of dietary risk assessment was 

used in the evaluation raised concerns regarding the data bases and methodology used. 

It also raised concerns with the outcome that the risks are acceptable. 

C. The PMRA Decision was not reasonable in light of the constraints 

95. In light of the legal and factual constraints on the PMRA’s discretion, the total 

absence in the Decision of any attempt to interpret relevant provisions, and the absence 

of any internally coherent and rational chain of analysis justifying the PMRA’s refusal 

to establish a review panel, having regard to the limits on its discretion, the PMRA’s 

Decision was not reasonable. The Decision’s failings of justification, transparency and 

intelligibility are even more pronounced given the important to the individual of safe 

food consumption. The legislative regime and statutory interpretation required the 

PMRA to conduct a scientifically based risk assessment at the re-evaluation stage, and 

to consider whether the rationale and evidence provided in the NOO raised 

scientifically doubt about the validity of the evaluations. The importance of the re-

evaluation was pronounced because glyphosate had not been looked at for 41 years.  

96. In dismissing the Appellants objections, without grappling with the substance 

of the arguments and the evidence presented, and applying to them the standard of 

“scientifically founded doubt as to the validity of the evaluations” of risks, the PMRA 

did not show that it exercised its review panel discretion in accordance with the 

precautionary and public protection purpose and scheme of the PCPA. To the contrary, 

the Decision undermines the fundamental statutory objective. In dismissing the 

objections, the PMRA was not fulfilling the requirement of the PCPA of ensuring 

there is a reasonable certainty of no harm to individual Canadians arising from the 

risks associated with glyphosate.  

PART V - STATEMENT OF ORDER SOUGHT 

97. Based on the evidence before the Court and the foregoing submissions, the 

Appellant respectfully requests an order quashing the Decision and directing the 

Minister to establish a panel of one or more individuals to review the subject matter of 

the NOO, or in the alternative, an order remitting the matter to the Minister for 

reconsideration in accordance with the Court’s reasons. 
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ALL OF WHICH IS RESPECTFULLY SUBMITTED this 4
th

 day of December, 2020. 

  

 Andrea Gonsalves 

 STOCKWOODS LLP 

Lawyers for the Appellant 
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BETWEEN: 


FORM 80-AFFIDAVIT 
Federal Court Rules, 1998, Rule 80 


Court File No.: T-277-19 
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1. I am currently the Acting Director of Division 2 in the Health Evaluation 


Directorate of Health Canada's Pest Management Regulatory Agency 


("PMRA"). I have held that position since May 8, 2019. My substantive position 


is Section Head of Exposure-2 in the Health Evaluation Directorate, a position 


which I have held since 2011. 


2. I obtained a Bachelor of Science Degree in Biology from the University 


of Ottawa in 1991 . 


3. I started working for the PMRA in 2001, as a dietary exposure evaluator, 


and have held progressively more senior positions since that time. When I was 
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36. Although the terms "desiccant" and "pre-harvest use" are sometimes 


used interchangeably (especially in media and public communications) to refer 


to the harvest benefit effects of glyphosate, strictly speaking there is a technical 


difference. Glyphosate is registered and used pre-harvest for the benefit of 


drying up (desiccating) green biomass present in the field, but it is not 


registered as a "desiccant" per se on any crop in Canada. 


37. Glyphosate is approved for use only when the moisture content of the 


target crop is less than 30%, when it is used pre-harvest for the benefit of 


harvesting. The MRLs have been established based on the observed levels of 


residue resulting from the most intensive use of glyphosate permitted by the 


label, when the moisture content of the crop is less than 30%. As long as the 


label is being followed, and glyphosate is only being applied when the moisture 


content is less than 30%, based on supporting data, it is reasonable to expect 


that residue levels will not exceed the MRLs. 


38. If residue levels in any specific crops are found to exceed the MRLs, this 


indicates non-compliance with the approved use pattern as indicated on the 


label. It is an offence under the Act if the product is used in a way that is contrary 


to the use directions on the label. When pesticide levels are observed to exceed 


the MRLs, follow-up actions may be taken by the Canadian Food Inspection 


Agency (the "CFIA"). These may include further analysis to confirm the 


exceedance, notification of the producer or importer, follow-up inspections, 


additional directed sampling, and recall of products, depending on the 


magnitude of the potential health concern. However, it is important to keep in 
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APPLICATION UNDER subsection 18.1(1) of the Federal Courts Act, R.S.C. 1985, c. F-7, as
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AFFIDAVIT OF MARY LOU MCDONALI)


I, Mary Lou McDonald, the Applicant in this proceeding, and the President for Safe Food


Matters Inc., the other Applicant in this proceeding, of the City of Toronto, in the Province of


Ontario, SOLEMNLY AFFIRM THAT:


1. I am one of the applicants in this proceeding and the President of the corporate applicant,


Safe Food Matters Inc. ("SFM"). As such I have personal knowledge of the matters set out in this


affidavit.


The parties


2. SFM is a Canadian non-profit corporation. It was founded in 2106 and is dedicated to


promoting health and protecting the environment through educating and fostering public


understanding and engagement on the safety of food production technologies.


and
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3. I am a corporate lawyer and have a personal interest in the safety of chemicals. I am a


vegetarian and rely on chickpeas as one of my main sources of protein.


4. Health Canada is a Canadian federal govemment agency responsible for helping


Canadians maintain and improve their health. It is one of the agencies falling within the portfolio


of the Minister of Health. The Minister of Health has certain powers and duties under the Pest


Control Products Act, SC 2002, c 28 (the o'Act") relating to the evaluation and registration of pest


control products in Canada, among other things. In August 2000, Health Canada published a


Decision-Makíng Framework for ldentifying, Assessing, and Managing Health Risfrs. The


Framework document is attached to this affidavit as Exhibit "A".


5. The Pest Management Regulatory Agency (.'PMRA") is a branch of Health Canada and


carries out delegated functions relating to the Minister of Health's responsibilities for pesticide


regulation under the Act, including the assessment process for registration of pesticides. In


December 2000, the PMRA published a Science Policy Notice entitled Technical Paper: A


Decision Framework for Risk Assessment and Risk Management in the Pest Management


Regulatory Agency, SPN2000-01. The Technical Paper states:


Post registration developments in scientific knowledge and in experience may


indicate that the initially required studies and information on which the registration
decision was based should be improved, and that additional information should be


obtained and assessed to determine whether a registration can continue to be


supported.


The following situations may indicate the need for a re-assessment: (1) new


scientific knowledge of toxicological end points of concern, often combined with
new investigative methods; (2) adverse effects reporting, incidence reporting,
results from epidemiological studies, environmental monitoring and surveys; (3)


age of supporting database (over time, data requirements have expanded, quality


and scientific rigour have increased and a wider range of risks must be considered).


A true copy of Technical Paper SPN2000-01 is attached to this affrdavit as Exhibit "B".
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6. The PMRA has adopted a Compliance Policy DIR2007-02 setting out guiding principles


for the fair, consistent and predictable application of the Act and associated regulations. A true


copy of Compliance Policy DIR2007-02 is attached to this affidavit as Exhibit "C".


Background to my involvement in this matter


7. In April 2015 I learned Health Canada had launched a public consultation process on its


proposed re-evaluation decision of pest control products containing glyphosate. It indicated "[t]he


proposed decision is to continue the registration ofthese products, but also calls for updates to


product labels". When I leamed that the decision had been made to continue the registration of


glyphosate and that only the labels would be changed, I became concerned.


8. I became aware of information obtained by an individual named Tony Mitra through a


Freedom of Information Act request that the Canadian Food Inspection Agency (the "CX'IA") had


performed testing on foods for glyphosate in 2015 and that the initial data indicated that glyphosate


residue were high and exceeded legal limits in legumes and cereals. I was particularly concerned


about the numbers for chickpeas, because of my reliance on chickpeas as a main source of protein.


The CFIA data revealed violations of the oomaximum residue limits" (which I discuss further


below) for chickpeasin2í out of 71 samples of chickpeas (36.6%).


9. I wanted to understand why the glyphosate levels were so high in chickpeas, and so began


researching. I learned that a ooharyest managemenf' technique in agriculture is "desiccation". To


o'desiccate" is ooto dry". In my understanding, farmers spray the plant with glyphosate in order to


kill it and facilitate harvesting. I understand that the issue with chickpeas appears to be that it is an


"indeterminate" plant, which means that its growth and production of peas do not terminate. New


peas grow in sequence from the bottom up, with the youngest peas being at the top. I also leamed
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that glyphosate is oosystemic", which means it gets right into the plant's system, and it moves to


where the sugars are moving: namely to the newly growing peas. Based on my research and the


understanding I had gained regarding the process by which glyphosate gets into chickpeas, I


wanted to participate in Health Canadaos public consultation process for the re-evaluation of


glyphosate, to ensure Health Canada was aware of the information I had discovered.


Maximum Residue Levels


10. The issue of Maximum Residue Levels ("MRLs") is central to this proceeding, therefore


some background on MRLs provides necessary context. According to Health Canada's website:


11


As part of the assessment process prior to the registration of a pesticide, Health
Canada must determine whether the consumption of the maximum amount of
residues, that are expected to remain on food products when a pesticide is used


according to label directions, will not be a concern to human health. This maximum
amount of residues expected is then legally established as a maximum residue limit
(MRL) and is regulated under the Pest Control Products Act (PCPA).


Health Canada sets science-based MRLs to ensure the food Canadians eat is safe.


The MRLs set for each pesticide-crop combination are set at levels well below the


amount that could pose a health concern. Typically, an MRL applies to the


identified raw agricultural food commodity as well as to any processed food
product that contains it. However, where a processed product may require a higher
MRL than that specified for its raw agricultural commodity, separate MRLs are


specified. If it is determined that an unacceptable risk exists, the product will not be


permitted for sale or use in Canada.


As Eating Well with Canada's Food Guide encourages Canadians to include a large


amount of fresh fruits and vegetables in their diets, MRLs are important to ensure


that pesticides are being used properly so that Canadians have access to a safe food
supply.


A true copy of the Health Canadawebsite page regarding MRLs is attached to this affidavit


as Exhibit'6D"


12. According to Frequently Asked Questions on the Re-Evaluation of Glyphosate published


by Health Canada on April 28,2017:
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Canadian MRLs are set only after an extensive review of the scientific information
and after a thorough risk assessment confirms that there are no health concerns to
all segments of the population (including pregnant and nursing womeq infants,
children and seniors), when all possible food sources are eaten every day, over a
lifetime. MRLs are set for each pesticide-crop combination and are well below
levels that could pose a health concern.


A true copy of Frequently Asked Questions on the Re-evaluation of Glyphosate is attached to this


affidavit as Exhibit 6rE"


The registration and re-evaluation of Glyphosate


13. Glyphosate is a systemic, non-selective, post-emergent herbicide and crop desiccant that


has been registered in Canada under the Act since 1976. The registrant of glyphosate is Monsanto


Canada Inc.


14. Until 2005, the registered uses for glyphosate were as follows:


(a) prior to planting all crops;


(b) in minimum tillage systems (all field crops including cereals, oilseeds, pulses,
forages and com);


(c) as a spot treatment in barley, com, oats, soybeans, wheat, strawberries, blueberries,
forage grasses and legumes (including seed production);


(d) as a post-emergent application to glyphosate tolerant corn, glyphosate tolerance
soybean and glyphosate tolerant canola;


(e) on tree, vine, berry, and other crops including apple, asparagus, cherry, peach,


apricot, pear, plum, grapes, bluebenies, nuts, strawberries, cranberries and sugar
beets;


(Ð as pre-emergent (to crop) application to ginseng; and


(g) as pre-harvest applications by air (Prairie provinces and Peace river region of B.C.)
or by ground, to wheat, barley, oats, canola (rapeseed), flax (including low
linolenic acid varieties), lentils, peas, dry beans, soybeans, and forages (ground


only).


70Appeal Book, Tab 6







-6-


15. With respect to the registration of glyphosate for pre-harvest use (as described in


subparagraph la(g) above), pre-harvest use of glyphosate has been permitted since 1992. In


Decision Document E92-02 on Pre-Harvest Use of Glyphosate issued in June 1992, the PMRA


granted "temporary registration" of glyphosate forpre-harvest application of glyphosate on wheat,


barley, soybeans, peas, lentils, canola and flax. A true copy of Decision Document 892-02 is


attached to this affidavit as Exhibit r6F".


16. The evaluation on which the temporary registration of glyphosate for pre-harvest use was


based is set out in a Discussion Document published by the Food Production and Inspection


Branch of Agriculture Canada on November 27, 1991, document E91-01. According to the


Discussion Document, page 66, ooResidue data submitted for beans and mustard are inadequate to


support the proposed use." A true copy of relevant excerpts from Decision Document E91-01


(Executive Summary and Section 9), ooToxicology, Occupational Exposure and Food Residues:


Health and Welfare Canadalnput" is attached to this affidavit as Exhibit "G".


17 . The Act requires that all pesticides registered in Canada be re-evaluated on a cyclical basis.


Accordingly, in 2010, Health Canada published a work plan for the re-evaluation of glyphosate


and the continued registration of products containing glyphosate for sale and use in Canada. A true


copy of the Re-Evaluation Work Plan REV20l0-02 is attached to this affidavit as Exhibit (H".


18. On April 13,2015, the PMRA issued Proposed Re-evaluation Decision PRVD2015-01


(the "PRVD") in which it proposed the continued registration of products containing glyphosate


for sale and use in Canada. The PRVD stated that "[a]n evaluation of available scientific


information found that products containing glyphosate do not present unacceptable risks to human
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health or the environment when used according to the proposed label directions". A true copy of


the PRVD (with Appendices removed) is attached to this affidavit as Exhibit (I".


19. The PRVD is a consultation document and the PMRA advised that it "will consider any


comments received from the public in response to" the PRVD before making a final re-evaluation


decision on glyphosate. The PRMA committed to applying a science-based approach in making


the final decision. I provided comments to the PMRA during the public consultation process.


20. On April 28,2017, the PMRA issue Re-evaluation Decision RVD2017-01 (he "RVI)") in


which it granted continued registration of products containing glyphosate for sale and use in


Canada. It stated that "[a]n evaluation of available scientific information found that products


containing glyphosate do not present risks of concern to human health or the environment when


used according to the revised label directions. As a requirement for the continued registration of


glyphosate uses, new risk reduction measure are required for the end-use products registered in


Canada. No additional data are being requested at this time." A true copy of the RVD (with


Appendices II and III removed) is attached to this affrdavit as Exhibit *J".


The Notice of Objection


21. On June 27,2017, on behalf of SFM and on my own behalf, I submitted to then-Minister of


Health, the Honourable Jane Philpott, a Notice of Objection (the .'NOO") to the RVD in


accordance with the Act and the Review Panel Regulations, SOR/2008-22.The NOO objected to


the RVD on nine different grounds. As stated in the NOO, the main basis for our objection is that


"glyphosate applied for desiccation purposes is placing residues in the seeds to that extent that they


exceed MRLs and are of concern to human health, especially considering increased consumption


of the relevant foods, and that evidence of such translocation and accumulation has not been
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considered in the Re-evaluation or contemplated in the law." A true copy of the NOO is attached to


this affidavit as Exhibit r'K".


22. The NOO referenced and relied on various publicly-available studies, literature,


govemment publications and policy documents, copies of which are attached to this affrdavit as


exhibits, as follows:


(a) Cessna, A. J., Darwent, A. L., Kirkland, K. J., Townley-Smith, L., Harker, K. N., &


Lefkovitch, L. P., "Residues of glyphosate and its metabolite AMPA in wheatseed


and foliage following preharvest applications" (1994) Canadian Joumal of Plant


Science, 74(3) - Exhibit *Ll"'


(b) Cessna, A. J., Darwent, A. L., Townley-Smith, L., Harker, K.N., & Kirkland, K.J.,


ooResidues of glyphosate and its metabolite AMPA in canola seed following


preharvest applications" (2000) Canadian Journal of Plant Science, 80(2) - Exhibit


6L2".


(c) Cessna, 4.J., Darwent, A. L., Townley-Smith, L., Harker, K.N., & Kirkland, K.,


"Residues of glyphosate and its metabolite AMPA in field pea, barley and flax seed


following preharvest applications" (2002) Canadian Journal of Plant Science, 82(2)


- Exhibit '(L3"'


(d) Science Policy Note SPN2008-01 The Application of Uncertainty Factors and the


Pest Control Products Act Factor in the Human Health Risk Assessment of


Pesticides (29 July 2008) - Exhibit "L4"i
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(e) Angela Lovel, ooDon't use desiccants to hasten maturity," Grainews (4 June 2012) -


Exhibit r¡Ls";


(Ð Yoram Gabison, "The Dip That Roared: How Humus Conquered the US" Haarctz


(20 June 2014) - Exhibit $L6"'


(g) Kristen E. McNaughton, Robert E. Blackshaw, Kristine A. Waddell, Robert H.


Gulden, Peter H. Sikkema,l Chris L. Gillard, o'Effect of Application Timing of


Glyphosate and saflufenacil as desiccants in dry edible bean (Phaseolus wlgaris


L)" (2015) Canadian Journal of Plant Science 95(2) at369 - Exhibit (L7"'


(h) Ti Zhang, "Evaluation of Herbicides as Desiccants for Lentil (Lens culinaris


Medik) Production" (2015) Masters of Science Thesis, University of Saskatoon -
Exhibit 3(L8"'


(i) T. Zhang, E.N. Johnson(2), S. Banniza, ffid C.J. Willenborg, "Evaluation of


Harvest Aids Application Timing for Lentil Dry Down" (2016) V/eed Technology


30(3) at629 - Exhibit '(L9"'


ú) David Giles, "Pea, lentil crops suffering from too much moisture as Sask. Harvest


gets under way" Global News (August 4,2016) - Exhibit ßL10"'


(k) Health Canada Pest Management Regulatory AgencylRegulatory Operations and


Regions Branch Compliance and Enforcement Reports for 2015-2016 - Exhibit


$Lll,,;
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(l) Ti Zhang, Eric N. Johnson, Thomas C. Mueller, Christian J. Willenborg "Early


Application of Harvest Aid Herbicides Adversely Impacts Lentil" (2017) 109 (1)


Agronomy Journal No. 239 - Exhibit "L12";


(m) Dr. Jeanette Gaultier and Dr. Rob Gulden, ooThe science and art of dry bean


desiccation" (2017) Crops and Soils 49(4) - Exhibit "L13";


(n) Jennifer Bond, ooPulses Production Expanding as Consumers Cultivate a Taste for


U.S. Lentils and Chickpeas" (2017) Amber'Waves - Exhibit "L14";


(o) Tony Mitra, "Glyphosate in chickpea, lentil and wheatbran" (June 15, 2017)


http://www.tonu.org/2017106/15/qlyphosate-in-chickpea-lentil-and-wheat-brarì/ -
Exhibit (L15"'


(p) A Government of Saskatchewan Crop Report For the Period August 30 to


September 5,2016 - Exhibit ßLl6)''


(q) A Pulse Canada publication "2016International Year of Pulses Final Report" -
Exhibit uLl7"; and


(r) A 2017 Guide to Crop Protection published by the Saskatchewan Ministry of


Agriculture. I no longer have access to a copy of the 2017 document, but a20I9


version of the document (which is substantially similar to the 2017 version in


respect of the portions I relied on in the NOO) is publicly available online. A true


copy of relevant excerpts from the 2019 Guide to Crop Production and is attached


as Exhibit r¡Ll9".
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Canadian X'ood Inspection Agency testing of glyphosate residues


23. The NOO also included as appendices test data from the Canadian Food Inspection Agency


("CFIA") regarding glyphosate residues. The CFIA tested for glyphosate in a variety of food


products in20I5-2016 and detected residues exceeding the MRLs set by Health Canada inl3%o of


samples falling into three categories: grain products, juice and other beverages, and bean/peallentil


products (which include chickpea). A public report released by the CFIA regarding its testing is


attached to this affidavit as Exhibit úrM".


24. I obtained the CFIA test data that I included with the NOO from Tony Mitra. The test data


indicates ooviolations" - which I understand to mean MRL exceedances - for chickpea and wheat


bran samples tested for glyphosate. I have since obtained CFIA's full testing data set from the


Government of Canada's Open Government website, available at:


https:llopen.canada.ca/data/en/datasetlf3fd6fdb-2lal-4e04-a596-tt9a38c9e630. A true copy of


the electronic Excel file containing the CFIA glyphosate testing data set is attached to this affidavit


as Exhibit ú0N".


25. In January 2019, Peter Brander, Chief Registrar of the PMRA, sent me by email a copy of


the PMRA's analysis of the CFIA's testing data, which it received on December 6,2016. A true


copy of Mr. Brander's email, dated January 2019 Qedacted to remove solicitor-client privileged


content), with the attached analysis, is attached to this affidavit as Exhibit "O".


PMRA consideration of the NOO


26. After the NOO was submitted, it appears that a series of meetings took place among the


Science Management Committee of the PMRA to consider our NOO and notices of objections


submitted by others. True copies of the minutes and briefing notes relating to the work of the
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Science Management Committee as provided in the Certified Tribunal Record is attached to this


affrdavit at Exhibit 06P".


27. The Certified Tribunal Record also contains what appears to be a memorandum dated July


16,2018 drafted by a PMRA evaluation officer regarding our NOO. The memorandum was not


provided to me prior to this judicial review application (although some of its contents appears in


the Decision under review, discussed below). A true copy of the evaluation officer's


memorandum, dated July 16, 2018, is attached to this affidavit at Exhibit'6Q".


The Decision under review


28. On January 11,2019, Health Canada released a statement on glyphosate advising that it


had received eight notices of objection conceming the RVD and that the Department's final


decision will stand. A true copy of the Statement from Health Canadaon Glyphosate is attached to


this affrdavit as Exhibit (R".


29. Also on January 11,2019, the PMRA sent me the written decision, comprising a cover


letter and an attachment, regarding the NOO that we had submitted (the "Decision"). The cover


letter to the Decision was signed by Peter Brander, Chief Registrar of the PMRA. No author was


indicated for the attachment. A true copy of the Decision is attached to this affrdavit as Exhibit


66S'.


30. The PMRA held a technical briefing by teleconference on January ll,2019 with the


objectors. I participated in the technical briefing teleconference. The technical briefing began with


Peter Brander, Chief Registrar of the PMRA, reading the Statement from Health Canada on


Glyphosate marked as Exhibit "R" to this affidavit.
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31. Later in the technical briefing, a PMRA representative, Ms. Connie Moase, indicated that


very small levels of glyphosate in food are not unexpected, and that one of the reasons for


establishing MRLs is to help ensure safety of the food supply. She also stated that MRL


exceedances do not automatically indicate a health risk. Subsequent to the technical briefing the


PMRA sent me a copy of the statements made by Ms. Moase during the technical briefing. A true


copy of the statements made by Ms. Moase is attached to this affidavit as Exhibit (T".


32. One of the grounds set out in the NOO was that the RVD was based on outdated data


regarding food consumption. The Decision defended the data on which the RVD was based despite


the fact that areport published by Health Canada in August 2018, "The Use of Dietary Intake Data


in Dietary Exposure Assessments within Health Canada: Current Practices, Challenges and


Perspectives" identified key limitations in conducting dietary exposure assessments within Health


Canada." That report had not been published at the time I submitted the NOO, though the Certified


Tribunal Record indicates that it was available to the PMRA when it made the Decision. A true


copy of Health Canada's report is attached to this affrdavit as Exhibit 6'U".


33. Another ground set out in the NOO was that there was no indication in the RVD that the


use of glyphosate for desiccation/pre-harvest management on chickpea, lupin, faba bean, canary


seed, camelina or mustard has been assessed for health risks or that MRLs have been established


for those crops subject to desiccatior/pre-harvest management use, both in accordance with the


Act.


34. In response, the Decision stated that the PMRA had reviewed User Requested Minor Use


Label Expansions ("URMULE") submissions to assess the health risk from glyphosate residues as


a result of preharvest use on those crops. The PMRA's URMULE program allows sponsors other
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than the registrant to request the addition of a ne\ry use to an existing label of a pesticide that is


already registered in Canada. The PMRA Regulatory Directive for URMULE, Dir2001-01


explains the PMRA's policy conceming URMULE and is available on the PRMA website. A true


copy of Regulatory Directive 2001-01 is attached to this affidavit as Exhibit'rV".


35. One of the URMULE submissions relied on in the Decision \Mas submitted in 2005


(submission 2005-2797) and \¡/as sponsored by Agriculture and Agri-Food Canada's Pest


Management Centre. The submission sought to expand the label for glyphosate to pre-harvest use


(i,e. as a desiccant) for chickpea, dried fava bean, and dried lupin.


36. According to the PMRA's Residue Chemistry Review of URMULE submission


2005-2797, the Sponsor requested not to be required to submit additional residue data regarding


the proposed use expansion because:


(a) Glyphosate is currently registered in Canada for pre-harvest uses on wheat, barley,
oat, canola, flax, pea, lentil, dry bean, soybean and forage;


(b) The proposed use pattern is already registered for dry bean, dry pea, and lentil;
MRLs for glyphosate have been published in the Canada Gazefte as follows: bean
and lentil (4 ppm), and pea (5 ppm);


(c) Chickpea, faba bean (dry) and lupin (dry) are all commodities in crop subgroup 6C.
The representative commodities for this crop subgroup are dry shelled bean and dry
shelled pea. As the currently requested use is registered on the representative
commodities for the subgroup to which the requested crops (chickpea, faba bean,


lupin) belong, no further residue data should be required to support this use.


The PMRA accepted that rationale for the residue data waiver. The PMRA accepted thatoothe


proposed use of glyphosate on chickpea, dried lupin, and dried fava bean can be supported with


residues covered under the existing MRL for bean (4 ppm)". That conclusion was based on a 1992


study on "white bean", which was used to establish the MRL for glyphosate in/on'obeans". The


PMRA's review of submission2005-2797 wasproduced in redacted form in the Certified Tribunal
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Record in this proceeding. A true copy of the PMRA review of the URMULE submission


2005-2797 for Glyphosate, Glyphosate URMULE D.3.2 Review (redacted), is attached to this


affidavit as Exhibit úrIV".


37. The Decision also cited another URMULE submission, 2015-1580 for the use of a'otank


mixture" of glyphosate plus another product, "Heat WG" as a pre-harvest aid on chickpeas. The


cover letter for submission 2015-1580 indicates that the sponsor did not include any residue data


for the reason that "[glyphosate] is already registered in Canada for use as a pre-harvest desiccant


on chickpeas." A true copy of the cover letter for Submission 2015-1580 is attached to this


affidavit as Exhibit úrX".


38. The PMRA approved the URMULE sought in submission 2015-1580 without requiring


any additional residue data. A true copy of the PMRA's letter setting out its decision, dated


February 24, 2016, is attached to this affrdavit as Exhibit 'rY". A true copy of the PMRA's


Residue Chemistry Review for submission 2015-1580 is attached to this affidavit as Exhibit roZ".


39. After the technical briefing, I requested certain documents from the PMRA that were


referred to during the technical briefïng or in the Decision. SFM and I then commenced this


judicial review application.


AFFIRMED BEFORE ME at the City
of Toronto. in the Province of Ontario on
â?ríL ......1?-....,,,., .aP.[. 1


Affidavits
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based on the science (both biophysical data and information on risk factors), and to identify potential risk
management options that are related to the level of risk.  The role of policymakers is to consider the results
of risk assessments, together with a broad range of other considerations, and use this information to make
risk management decisions.


Strive to Make the Process Transparent.
Clearly document all activities, considerations, assumptions, uncertainties, and decisions, to ensure that all
aspects of the risk management decision-making process are clear and easily understandable.  Bearing in
mind any requirement for confidentiality, make this information accessible to interested and affected parties.
Individuals who review the documentation should be able to understand how and why things were done,
what decision-making processes were used, and who is accountable and responsible for various activities
and decisions.  Although it is important to maintain clear and comprehensive documentation, the extent of
documentation needs to be balanced by resources and priorities, especially when the timeliness of the
response is critical.  


1.4 Overview of the Framework


The proposed risk management decision-making framework is depicted in Figure 1 and consists of a series
of inter-connected and inter-related steps, which may be grouped into three phases: issue identification
(identify the issue and put it into context); risk assessment (assess risks and benefits); and risk management
(identify and analyze options; select a strategy; implement the strategy; and monitor and evaluate the
results).  The framework reflects the involvement of interested and affected parties throughout the process,
including partners, the public, and other stakeholders.


Generally speaking, the process begins at the top of the diagram, and proceeds clockwise through the other
steps; although the steps are depicted as a series of circles, there is a general linear progression.  Each step
involves a decision point, as to whether to proceed to the next step, revisit a previous step, or end the
process.  The process is flexible in that one may move back and forth between steps or revisit steps based
on available information.  For example, a previous step may be revisited when there is a need to improve
the accuracy and completeness of information, or when new information becomes available and needs to
be considered.
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2.2 Assess Risks and Benefits


Assess risks using biological, chemical, and physical data from scientific studies; integrate
information related to risk factors (e.g. social, cultural, ethical considerations, economic status),
and risk perceptions, where this information is demonstrated to have an impact on the level of
risk.  Assess benefits in a similar manner.


This step involves assessing the health risks (both known and potential) that may result from exposure to a
specific agent..  Where appropriate, such as in the evaluation of a therapeutic agent, the step also involves
assessing the health benefits (known and potential) related to the agent, and examination of risks relative to
benefits.  Where possible, both risk and benefit assessment should be undertaken in a multi-disciplinary
fashion, taking into account all available, scientifically credible information.
 
2.2.1 Assess Risks


Risk assessment must be conducted distinctly from other activities.  Appropriate mechanisms must
be in place to ensure that there is no interference with the scientific assessment of risk.


Taking a Broad Approach


Risk assessment involves determining the likelihood that a specific adverse health effect will occur in an
individual or population, following exposure to a hazardous agent.  This is typically accomplished by
examining physical, chemical, and biological data obtained from scientific investigations, such as those
conducted in laboratories (e.g. toxicology or microbiology studies), and those involving human populations
when available (e.g. epidemiological investigations, clinical trials).  Risk assessment involves recognizing that
a hazard exists (hazard identification  - is it harmful?), defining its characteristics (hazard characterization
- how harmful is it?), considering the extent of exposure to the hazard (exposure assessment - what levels
are humans exposed to?), and comparing current or predicted levels of exposure to a measure of the
potential of the agent to induce adverse health effects (risk characterization, a summary and integration
of the scientific analyses from the preceding tasks).


It is important to include all relevant scientific data in the assessment of health risks. Failure to evaluate all
relevant data may limit the ability of the management team to identify and analyze an appropriate range of
potential risk management options, and to select the strategy that will be most effective, have the least
unintended negative effects, and be undertaken at a reasonable cost.


The value of using a broad approach to risk assessment stems from the recognition that a variety of different
factors or determinants may influence our health, in addition to the “physical” environment, both natural (air,
water, food, soil) and human-built, and that health effects (known and potential) should be examined both
directly and indirectly.  It also involves considering the outcomes for specific populations in addition to risks
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! examination of the scientific data for evidence of a relationship between the agent(s) and the adverse
health effect(s);


! identifying the mode and mechanism of action of the agent(s);
! identifying those dose levels that are, and are not, associated with adverse health effects (e.g. for


toxicology studies, No Observed Adverse Effect Levels [NOAELs] or Lowest Observed Adverse
Effect Levels [LOAELs]);


! determining the critical effects associated with exposure to the agent;
! determining the significance of a positive finding in studies having different routes of exposure compared


to the population(s) at risk;
! deciding if  the studies have any data limitations that might affect their interpretation or invalidate their


results;
! for nonhuman studies, ensuring that adequate protocols, a sufficient number of animals, and appropriate


dose levels have been used, and determine how different metabolic pathways or rates should be
considered; 


! considering sources of uncertainty and other limitations, and how may these impact upon the hazard
identification; 


! deciding the overall weight of evidence taking into account the quality of the data; and
! identifying the hazard(s) of concern.


Characterize Hazards


Hazard characterization is a process that involves qualitatively and/or quantitatively evaluating the adverse
health effect(s) that humans may experience under expected levels of exposure to the agent(s) under study.
Traditionally, hazard characterizations have focused on physical health effects, and have relied on data from
toxicology and epidemiology studies and in some cases, from surveillance; more recently, emotional and
mental health effects are starting to be explored.  As scientific data are often incomplete or not available,
estimations must often be supplemented with more qualitative approximations.  Since most exposures tend
to be at low, chronic, levels, hazard characterization often requires extrapolation of data from studies
involving high level of exposure (i.e. exposure in occupational settings or in laboratory studies).


In order to characterize hazards it may be necessary to determine a number of factors, including:
! which critical health effects are associated with exposure to the agent;
! for which of these effects data are adequate to characterize exposure-response;
! what dose-response models should be used to extrapolate from observed to relevant doses (i.e. when


the potency of the agent to induce effects does not fall within or near an observable range);
! how the dose-response relationship should be extrapolated (e.g. using best estimates or upper


confidence limits);
! whether traditional data analysis should be used or whether an alternative approach should be used;
! whether there is a need to take into account interactions between agents, and if so how to do this;
! whether certain human populations are likely to be more sensitive to exposure then others (susceptible


populations);
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! how to deal with differences in exposures between study populations and the population for which risk
estimates are required;


! how to deal with differences in physiological characteristics between study populations and the
population for which risk estimates are required;


! for nonhuman studies, what mathematical models and assumptions to use to extrapolate results to
humans; 


! sources of uncertainty and other limitations, and how these may impact upon the hazard characterization;


! a threshold of exposure for the induction of the critical effect by the agent, taking into account the quality
of the data; and


! the nature, severity, and reversibility of the known or potential adverse effects in humans at expected
levels of exposure.


Assess Exposures


Exposure assessment  is a process used to develop a qualitative and/or quantitative estimate of the
magnitude, frequency, duration, route and extent of human exposure to an agent.  In other words, the
purpose of an exposure assessment is to calculate the dose of a hazardous agent to which one or more
populations or subpopulations are exposed.  This activity is key to the risk assessment process because
without exposure there is no risk. Exposure assessment may include a number of the following steps.
! characterize the exposure pathway to the extent possible [see the Characterizing the Exposure


Pathway section that follows);
! determine whether exposures are source-specific (e.g.  for radiation), or medium-specific (e.g. for


consumer products), from point or disperse sources, or whether a combination of sources and media
are relevant;


! consider the physical and chemical properties of the agent;
! identify the location(s), point(s) of contact, and pattern(s) (e.g. seasonal) of exposure;
! determine how to estimate the size and nature of the populations likely to be exposed;
! determine whether certain segments of the population are exposed to the agent at higher levels than


others;
! determine what method should be used to assess exposures (e.g. deterministic, probabilistic, scenarios;


refer the Box that follows);
! examine exposure data when available (e.g. through monitoring);
! in cases where exposure data are not available, predict exposure based on data for related agents as


well as on exposure simulations;
! determine how to extrapolate exposure measurements from the study population to the population(s)


of interest;
! determine how to take into account various factors that may affect exposure, including the time and


duration of exposure;
! if there is a need to consider interactions between agents, examine exposure for each of these agents;
! document sources of uncertainty and other limitations, and how may these impact upon the exposure
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assessment; 
! determine the overall weight of evidence taking into account the quality of the data;
! estimate the likelihood of exposure; and
! estimate exposure levels. 


Characterizing the Exposure Pathway


Before exposure can be assessed, it is necessary to characterize the exposure pathway, which describes
how a hazardous agent reaches an individual or population.  This involves obtaining information on: the
source from which the agent originates; environmental media which carry the agent to individuals or
populations of humans (e.g. food, air, water, soil,  consumer products); the location, which is the point where
contact between the agent and humans occurs (e.g. the home, workplace, recreational sites); the target
population(s) or subpopulation(s), the people who are exposed to the agent (e.g.  a swimmer who bathes
in a contaminated river); and one or more route(s) of exposure, which are the means of entry into the human
body.  Examples of routes of exposure include: ingestion, which includes swallowing food, water, soil, and
other substances; inhalation, which includes breathing in a gas, vapour or airborne particles; skin contact,
which may involve corrosion caused by skin irritants or skin penetration by agents such as ionizing and non-
ionizing radiation; through the intravenous, intramuscular, intraperitoneal, subcutaneous, or intradermal
routes, as in the case of drugs.


The Use of Modeling


For some agents, particularly those involving voluntary exposure, such as prescription drugs, exposure
assessment is relatively straightforward.  But for other agents, such as environmental or food contaminants,
an exposure assessment is usually based on considerable uncertainties.  It is often not possible to measure
exposures directly; rather they must frequently be predicted, for example by using monitoring data and
mathematical modelling and reconstructing historical exposure patterns.


There are two broad types of mathematical models used in exposure assessment: those that predict exposure
to the agent, and those that predict the concentration of the agent.  Exposure models can be used to estimate
the exposures of populations based on small numbers of representative measurements.  Models that predict
concentration can be combined with information on human time-activity patterns to estimate exposures.
Modeling may be done on long-term and short-term exposures, both of which have limitations.  For
example, in long-term exposure modeling, changes may occur in natural levels of exposure over time and
in activity patterns of exposed persons; in short-term modeling, there are difficulties in modeling
concentrations that vary widely over time.


As with modeling, extrapolation of results can lead to uncertainties in exposure assessments.  Sometimes
exposures of particular groups of individuals, such as occupational workers, are used to estimate exposures
in other populations.  Uncertainties may result from the extrapolation of data from high to low doses,
because adverse effects observed at high doses may not be seen at lower ones.  An important aspect of
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A summary of some of the tasks involved in risk characterization follows.


Review the Hazard and Exposure Information


This involves examining, summarizing and integrating information obtained through hazard identification,
hazard characterization, and exposure assessment.  Among the factors to consider are the quality,
completeness, and relevance of the information, and the nature and impact of uncertainties and other
limitations related to the information and any analyses that are conducted.


Generate a Quantitative Estimate of the Risk


In order to produce a risk estimate, quantitative information on exposure (and if available, dose), from the
exposure assessment, is combined with information on the dose-response relationship obtained through
hazard characterization.  The process of developing a quantitative risk estimate will differ, depending on the
type of risks being considered  - carcinogens and “noncarcinogens” (agents that do not cause cancer or for
which there are insufficient data on carcinogenic potency), microbial pathogens, etc.


Consider Statistical and Biological Uncertainties and Their Impacts


Risk estimates often contain a some level of uncertainty.  Uncertainties may result from: the limited availability
of scientific data, on for example, exposure or intake rates; long time delays between exposure and effect;
the need to extrapolate data to predict the health consequences of human exposures; difficulties in
determining appropriate mathematical models for extrapolation; simultaneous exposures to a variety of
different agents (making it difficult to determine the effects of a single agent); and judgements made at each
step of the process.


It is important to consider the nature, sources, and levels of uncertainties related to the risk estimates, and
how these may impact upon the risk assessment, and to document this information.  It is also important to
determine whether the uncertainties are “acceptable”, or whether analyses need to be repeated using better
data or better techniques in an attempt to reduce the uncertainties.  Both uncertainty analyses and individuals’
interpretations of what uncertainties mean, can be strongly affected by the social, cultural and institutional
context of a decision.


Uncertainties that  result from the incompleteness and unavailability of scientific data frequently require
scientists to make inferences, assumptions, and judgements in order to characterize a risk.  Making
judgements about risk based on scientific information is called evaluating the weight of the evidence.  Risk
characterizations based on scientific data, should include not only plausible conclusions about the
characteristics of the risk (based on available information), but also evaluations of the weight of evidence
that support the conclusions, descriptions of major sources of uncertainty, and alternative views.


Uncertainties related to potential health effects, dose-response relationships, and exposure, have increasingly
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6 This internationally accepted process was first introduced by the United States (U.S.) National Research
Council in 1983 in the so-called “Red Book” on Risk Assessment in the Federal Government: Managing
the Process.
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4.3 Assessment of Risks to Human Health


The purpose of conducting an assessment of risks to human health is to define the nature
of the risk (hazard) and to provide a measure of the likelihood and the magnitude of the
risk associated with a defined exposure. The assessment follows a four-step process:6


(1) hazard identification, (2) dose–response assessment, (3) exposure assessment and
(4) risk characterization.


The main source of information for identifying hazards (toxic end points or adverse
health or environmental effects) and for determining the relationship between dose and
response are animal toxicity studies. These are considered to be well understood
predictors of toxicity in humans. The PMRA relies heavily on toxicological data to
establish reference doses for acute (ARD) and chronic (ADI) effects and to derive
estimates of potential cancer risks.


With few exceptions, i.e., carcinogenic and mutagenic effects,  most toxic effects occur
only when a dose threshold has been exceeded. These differences must be taken into
account and as a result the PMRA is using two different approaches for assessing the
acceptability of risks from pesticides to human health: a margin of safety approach for 
“threshold” effects and a quantitative risk assessment for non-threshold effects, such as
cancer.


For toxic end points that have a threshold,  the PMRA establishes a reference dose, taking
into account both the acute and the chronic nature of the toxic effects. The lowest level of
exposure in test animals that causes no adverse effects, the no observed adverse effect
level (NOAEL), is the starting point for calculating the reference dose. The NOAEL is
selected for a toxic end point observed in animals that is relevant to humans, and it is
usually from a study in which animal exposure is representative of the route, frequency
and duration of human exposure.


Furthermore, the establishment of reference doses must take into account uncertainties
arising from the extrapolation of effects observed in animals to potential effects in
humans. It also considers that some humans in the population are more sensitive to
potential effects than others. Therefore, the reference dose incorporates two safety factors:
a 10-fold factor to account for extrapolation from animals to humans (i.e., interspecies)
and an additional 10-fold factor to account for the variation within the human population
(i.e., intraspecies). In this way, the calculated reference dose for humans is a minimum of
100-fold lower than the dose that caused no adverse effects in animal studies.


151Appeal Book, Tab 6B







Science Policy Notice - SPN2000-01 15


The choice of options can be further narrowed by considering their inherent cost and their
impact on economic benefits and competitiveness. A high economic value of a
commodity allows consideration of higher cost management options. Options for which
the cost exceeds the economic value are not likely to be accepted by users and the
pesticide would not be registered if there would be an expectation of low user
compliance.


The consideration of practicality and expected compliance with management options is
much more difficult to quantify. In-depth knowledge of user groups, their level of
“sophistication” in pesticide use, their past record on compliance and an understanding of
countervailing pressures are essential for this task.


The selection of management options, therefore, is case specific and is a search for the
optimal combination of choices that achieve an acceptable level of risk while maintaining
an acceptable value of the product.


7.0 Implementation of the Strategy


The selected risk management strategy forms an essential part of the regulatory decision.
It is implemented as part of the registration or de-registration decision.


In the case of acceptable risks to health and the environment and value, the PMRA
registers the pesticide and specifies the registration conditions on the legally binding
label. Any use in contravention of the label is illegal under the PCP Act.


There are few pesticides that do not require safety precautions to achieve an acceptable
level of risk. In fact, most pesticides require very specific measures to achieve an
acceptable level of risk. In each case, the selected strategy provides the basis for specific
registration conditions and restrictions. They are specified on the label and include
domestic, commercial, restricted category, permit requirement, use conditions and
restrictions, measures to protect users and the environment, re-entry and pre-harvest
intervals, and buffer zones.


For pesticides used on food crops, MRLs are established and promulgated in regulations
under the FDA.  MRLs  are an essential part of ensuring that the dietary intake of
pesticide residues does not lead to unacceptable exposure and risks to human health.


All registered pesticides are thus restricted in that they can be used only for the specified
purposes under specified use conditions.


8.0 Monitoring and Evaluation of Results


Decisions to register pesticides reflect the state of knowledge and regulatory practices at
the time the decision is taken. Post-registration monitoring plays an essential role to
ensure the continued safety and value of a registered pesticide.
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GLYPHOSATE, PREHARVEST USE


FOREWORD


As part of the ongoing effort to make regulatory information more widely available, this Decision
Document has been prepared on the preharvest use of glyphosate (Roundup®) herbicide.  This
document reflects input from a wide variety of specialists and other interested parties.  Based on the
review of all available information and in consideration of the input received, a regulatory decision has
been made to grant temporary registration for preharvest use  of glyphosate on wheat, barley, soybeans,
peas, lentils, canola and flax.


Laura H. Doliner and Malcolm Stewart
Pest Management Regulatory Agency


Health Canada
2250 Riverside Drive


A.L. 6606D1
Ottawa, Ontario


K1A 0K9
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1. INTRODUCTION


This Decision Document is the final stage in Agriculture Canada's regulatory decision-making
process concerning the registration of preharvest use of glyphosate (Roundup®) herbicide on
wheat, barley, soybeans, peas, lentils, canola and flax.


2. REGULATORY DECISION


Based on the considerations outlined below, Agriculture Canada has granted temporary registration
for the preharvest application, by ground equipment, of glyphosate in wheat, barley, soybeans,
peas, lentils, canola and flax.


The uses on malting barley and crops used for seed purposes require further assessment.  The
registrant, Monsanto Canada Inc., has requested a delay in a decision on these crops until this
assessment is completed.


3. BACKGROUND


Agriculture Canada has been reviewing a registration submission for preharvest application of
glyphosate herbicide in wheat, barley, soybeans, peas, lentils, canola, and flax.  An extensive
summary (Agriculture Canada Discussion Document 91-01) was distributed to a wide range of
interested parties in November 1991.  Agriculture Canada received forty-five responses to that
Discussion Document.  In addition, Health and Welfare Canada received seven comments in
response to their proposed Maximum Residue Limits (MRLs) published in the Canada Gazette
Part I in December 1991.  These respondents also provided copies of their comments to
Agriculture Canada.


4. RECENT DEVELOPMENTS


4.1 Maximum Residue Limits


Health and Welfare Canada has recently established MRLs in the Food and Drug
Regulations to accommodate any glyphosate residues remaining in/on harvested crops and
other agricultural commodities.  Residues falling within these MRLs are not considered to
pose a health hazard to consumers.


4.2 Aerial Application


Although aerial application is not being considered for registration, the subject was
addressed in the Discussion Document.  Canadian and provincial Aerial Applicators'
Associations felt that the consideration of aerial application in the Discussion Document was
superficial and revealed a bias against this method of application.  However, the consensus
of provincial government personnel was that the risk of damage to non-target vegetation
caused by drift from aerial application was too great to allow registration of this use. 
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Several grower organizations also expressed this view.   The label instructions for
preharvest use will state "Do not apply by aircraft".


4.3 Seed Germination and Seedling Vigor


The effect of glyphosate on seed germination and seedling vigor has been reviewed.  While
most of the studies showed no observed effects, some studies were inconclusive.  As this is
an important consideration for both the seed and malting/brewing industries, both the
registrant, Monsanto Canada Inc., and Agriculture Canada will be reviewing this aspect in
more detail prior to making a decision with respect to registration for use on seed crops
and malting barley.


5. CUSTOMER ACCEPTANCE AND TRADE CONSIDERATIONS


5.1 Milling/Baking Industry


The milling and baking industries have expressed the view that the possibility of residues of
glyphosate in cereal and grain products (especially whole grain products) could result in
lack of consumer confidence.  The milling/baking industry commented that they could
receive individual carlots from both farmers and the primary elevator system which could
have been treated with glyphosate on the farm and not have been diluted through the
Canadian grain handling system.  MRLs in the U.S., which are currently significantly lower
than those recently established in Canada, were cited as a new reason for the U.S. to reject
Canadian shipments.  This factor could also lead bakers to purchase U.S. rather than
Canadian flour.  For these reasons, this sector has strongly urged that glyphosate maximum
residue limits (for wheat) should not exceed the former maximum limit of 0.1 part per
million as previously stipulated in the Food and Drug Regulations.


While this represents a minority position, the views of millers/bakers are recognized,
particularly in light of the importance of the grain and food sector and the complexity of the
questions to be addressed in the regulatory decision-making process.


Having considered the foregoing concerns, Health and Welfare Canada has now
proceeded to establish MRLs to accommodate the possibility of residues, resulting from
preharvest use of glyphosate, in/on harvested crops and other agricultural commodities in
Canada or other countries.


Glyphosate is already used preharvest in Europe and Australia.  Registration of this use will
probably be granted soon in the U.S.  A decision not to register this use in Canada would
deny Canadian growers the opportunity to use production technology already available to
their competitors in other countries, while permitting entry into Canada of produce grown
elsewhere with the benefit of this technology and containing residues up to the MRLs
established by Health and Welfare Canada.
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While the possibility exists of glyphosate residues appearing in Canadian cereal and grain
products, there is only a remote possibility of residues occurring even in a raw agricultural
commodity such as wheat, at levels approaching the tolerance (see Discussion Document
p.38,39).


Consumer concern represents an intangible element that is virtually impossible to address
directly.  The regulatory management process followed in this particular case, i.e.,
presentation of science reviews followed by consultation and communication, has proven to
be the most effective procedure to establish the facts and improve the level of consumer
understanding and acceptance.


The possibility that individual lots of grain, which were treated preharvest with glyphosate,
might enter the marketplace undiluted with grain produced by traditional agronomic
practices, is highly unlikely.  Even if this happened, the maximum residues that might be
expected in wheat are about one half of the recently established MRL.


As indicated in the response from the milling/baking sector, differences in MRLs from
country to country could result in purchasers buying raw wheat or flour from countries
where this treatment is not used.  However, the MRLs recently established in Canada are
consistent with those established by CODEX, the internationally recognized authority in
these matters.  Similar tolerances are being considered in the U.S. and Japan to
accommodate uses proposed in those countries as well as importation of produce grown in
Europe, where this technology is already in use.  Ultimately, however, these matters can
only be unequivocally resolved through contractual arrangements between buyers and
sellers.


5.2 Grain Handling and Trade Sector


The Canadian Grain Commission conducted an analysis of the marketing considerations
associated with preharvest glyphosate use on wheat, barley, canola, lentils, soybeans and
peas.  This analysis was presented at length in the Discussion Document and is the basis for
the Grain Commission's support of temporary registration of ground-only application.


A similar position has been taken by the Grains and Oilseeds Branch of Agriculture
Canada, which represents the Canadian Wheat Board.


5.3 Growers and Grower Organizations


The Canadian Federation of Agriculture has passed a resolution in support of the
registration of preharvest use of glyphosate.  The Canola Council of Canada (representing
producers, processors, marketers and users) responded to the Discussion Document in
support of registration of ground application.
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Several other grower organizations such as the Western Canadian Wheat Growers, Alberta
Pulse Growers Commission, and Western Barley Growers Association, supported the
temporary registration of preharvest glyphosate use, ground application.  The importance of
customer acceptance and trade considerations was often cited.


The validity of these views is acknowledged and every effort has been made to
appropriately balance the two diametrically opposed considerations, i.e., the interest in
using the technology versus any possibility of customer or trade reaction.  These potential
situations are virtually impossible to fully address by means of a regulatory process.  The
registrant has applied in the U.S. for residue tolerances to accommodate preharvest uses in
that country.  The registrant has also applied for import tolerances to cover cases where
there may be a discrepancy between the U.S. tolerance and the Canadian or CODEX
MRL.


The regulatory management process followed in this particular case, i.e., presentation of
science reviews followed by consultation and communication, has proven to be the most
effective procedure to establish the facts and improve the level of consumer understanding
and acceptance.  As stated earlier, these matters can only be unequivocally resolved
through contractual arrangements between buyers and sellers.


5.4 Provincial Governments


The government of Alberta, the Prince Edward Island Pesticides Advisory Committee, and
the Departments of Agriculture in Saskatchewan, Manitoba, New Brunswick, Nova Scotia
and Québec supported preharvest use of glyphosate by ground application while also
emphasizing the importance of customer acceptance and trade considerations.  The British
Columbia Pesticide Management Branch recommended that registration be granted.  The
P.E.I. Department of Energy and Forestry, on the other hand, was not supportive of the
preharvest use of glyphosate.


These views represent an important component of the background information against
which the regulatory decision on the glyphosate/preharvest registration must be made.


5.5 Environmental Considerations


Farmer and public concern about wildlife, wetlands and other natural areas associated with
cropland was expressed in responses to the Discussion Document.  It has been
demonstrated that glyphosate will affect several plant species should drift occur on non-
target areas.  The preharvest use of glyphosate by ground application should not result in
significant effects on fish or fish habitat provided a 15-m buffer zone is observed.


The label text for preharvest treatment which will appear on the ROUNDUP® label
includes statements on: (1) avoiding contamination of water bodies; (2) keeping a 15-m
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buffer zone around non-target areas; and (3) avoiding drift or overspray to non-target
vegetation and wildlife habitats.  The label also contains a statement prohibiting application
by aircraft.  The registrant, Monsanto Canada Inc., has agreed to develop farmer
educational material to highlight these label restrictions.


6. PERFORMANCE


The performance aspects of the proposed use pattern include both weed control and harvest
management considerations.


6.1 Weed Control


The effectiveness of preharvest glyphosate for weed control has been adequately
demonstrated by traditional trials, practices and techniques.  Responses to the Discussion
Document from grower organizations and government agricultural experts indicated that
preharvest glyphosate would be beneficial for perennial weed control.  These respondents
pointed out that this approach to weed control would reduce tillage and also contribute to
soil and moisture conservation and reduced input costs.  Some respondents also mentioned
control of late germinating annual weeds.


6.2 Harvest Management


As pointed out in the Discussion Document, harvest management claims are difficult to
demonstrate by means of traditional small plot trials.  The merits of this management
technique are:


1) particularly difficult to demonstrate with cereal crops that naturally cease growth
and undergo senescence subsequent to seed set; and


2) influenced by:
a) the indirect effect of weed growth on crop maturity, due to competition


for light, moisture and nutrients; and the direct mechanical effect of
weeds on the harvesting operation, e.g., clogging or winding of green
plant material/foliage on harvesting machinery; and


b) crop maturity (seed and foliage moisture content) at the time of
application.


These aspects of harvest management were reflected in the responses to the Discussion
Document and were considered in the regulatory decision-making process.
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a) Indeterminant Crops (e.g., Canola)


The science base indicates that preharvest treatment is more consistently useful
with indeterminant crops than with determinant crops such as cereals.


In canola, for example, nine out of 12 trials in which seed moisture content was
measured and four out of eight trials in which foliage drydown was measured,
indicated a positive effect of the treatment.  However, in three out of eight trials
in which foliage drydown was measured, swathing gave better results than did
the glyphosate application.


In lentils, five out of six trials in which seed moisture content was measured, and
four out of four trials in which foliage drydown was measured, demonstrated a
positive effect of the treatment.


In peas, two out of three trials in which seed moisture content was measured,
and five out of six trials in which foliage drydown was measured, demonstrated a
positive effect of the treatment.


Results were less clear on flax, where treated plots were not as good as
swathed plots in four out of eight trials in which seed moisture content at harvest
was measured.  In the six trials where foliage drydown was reported, treated
plots were better than straight-cut checks in two trials, the same in one, and
worse in three.


Responses to the Discussion Document from grower organizations and
government agricultural experts were consistent with the science base and
emphasized the merit of harvest management with indeterminant crops such as
lentils and canola.


b) Determinant Crops (Cereals)


The science base for cereals is not as conclusive.  As in the case of
indeterminant crops, moisture reduction (seed and foliage) was the endpoint
used to measure effectiveness.


In wheat and barley, only nine out of 21 trials clearly support the effectiveness of
the treatment with  respect to the seed moisture content at harvest.  In the other
cereal trials, the treatment was only as good as the  straight-cut checks, thus
showing no particular effect from glyphosate.  Results were similar in the smaller
number of trials where foliage drydown was measured.
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Overall, the glyphosate treatment often performed as well as swathing, but no
better than standing checks.  There were only two trials in which both types of
checks were present; in one of these the glyphosate treated plot was best, while
in the other the standing check was best.


6.3 Overall Assessment - Performance


The weed control claims for preharvest use of glyphosate are well demonstrated and
supported in all crops.  The harvest management (drydown) attribute is adequately
demonstrated and supported for indeterminant crops such as canola and lentils, as
measured by moisture reduction in seed and foliage.


A direct response of drydown per se, as measured by moisture reduction, has not been
as well demonstrated in cereals, flax or soybeans.  Nevertheless, the merits of
preharvest weed control in cereals and the inherent drydown (desiccation) effect of
glyphosate on green plant material, are well recognized.


The merits of cereal drydown are clearer in cool wet weather when there are actively
growing perennial weeds or late germinating annual weeds, late tillering, etc.  These
conditions create mechanical problems in harvesting such as winding on equipment. 
Thus, the decision to use preharvest cereal applications will likely be based on a range of
practical considerations rather than simply on crop drydown (moisture reduction).


7. LABEL TEXT


The following label text was accepted and will appear on the ROUNDUP® label:


For control of quackgrass and Canada thistle and season-long control of perennial sow thistle,
Roundup® can be applied prior to harvest of wheat, barley, canola (rapeseed), flax, lentils, peas
and soybeans.  This treatment may also provide harvest management benefits, by drying down
crop and weed vegetative growth, for example where late flushes of annual weeds, green
vegetative crop growth or late tillering may interfere with harvesting operations.  Roundup®


should be applied preharvest at 2.5 L/ha in 50 to 100 L/ha of clean water by ground application
only.  Roundup® should be applied when the crop has 30% or less grain moisture content.  This
stage typically occurs 7 to 14 days before harvest.  Consult the table "Guidelines for timing of
preharvest applications" for visual indicators of this stage in each crop.  For the best weed
control results, apply when quackgrass is actively growing and has at least four to five green
leaves.  Canada thistle and perennial sow thistle should be actively growing, and at or beyond
the bud stage for best results.  Applications for weed control (whether or not for harvest
management) must be made at the correct stage of both weed and crop growth.
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Apply only during the period 7 to 14 days before harvest to ensure best weed control and to
maximize harvest management benefits.  Earlier application may reduce crop yield and/or
quality, and may lead to excess glyphosate residues in the crop.


DO NOT APPLY TO CROPS GROWN FOR SEED
DO NOT APPLY TO BARLEY GROWN FOR MALTING


Avoid overspray or drift to important wildlife habitats such as bodies of water, shelterbelts,
woodlots and other cover on the edges of fields frequented by wildlife.  Leave a 15-meter buffer
zone between the last spray swath and the edge of any of these habitats.


Do not expose or contaminate any body of water or non-target vegetation by direct application,
spray drift, or when cleaning and rinsing spray equipment.


DO NOT APPLY BY AIRCRAFT
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Notice of Objection to a Registration Decision under 
Subsection 35(1) of the Pest Control Products Act 


 
 
Avis d’opposition à une décision d’homologation en 
vertu du paragraphe 35(1) de la Loi sur les produits 
antiparasitaires 


Date received – Date reçue 


 
 
Submission No. - No de la demande 
 


1. Objector Information – Information sur l’opposant 
Name – Nom / Corporation – société / Organization – organisation* 
Mary Lou McDonald.  On my own behalf and as president of Safe Food Matters Inc. 
Postal Delivery Address – Adresse de livraison postale* 9 Boardwalk Dr. Unit 107 


City / Town – Ville* 
Toronto 


Prov / State – Province / État* 
ON 


Country – Pays* 
Canada 


Postal Code / ZIP – Code postal / ZIP* 
M4L 6T1 


Phone – Téléphone* 
905 467-8531 
 


Fax – Télécopieur 
 


E-mail – Courriel 
mlmcdonald5@gmail.com 


2. Product Information – Information sur le produit* 
Name of active ingredient to which the decision relates – Nom de la matière active à laquelle la décision se rapporte* 
Glyphosate 
Name of end-use product to which the decision relates – Nom de la préparation commerciale à laquelle la décision se rapporte* 
All end-use products containing glyphosate as active ingredient 
3. Registration decision to which the objection relates – Décision d’homologation pour laquelle vous déposez un avis d’opposition* 
Decision on application – Décision concernant la demande 


 Granting registration – Homologation accordée 


 Denying registration – Homologation rejetée 


 Granting an amendment of a registration – Modification à l’homologation accordée 


 Denying an amendment of a registration – Modification à l’homologation rejetée 


Decisions on re-evaluation or special review – Décision concernant la réévaluation ou l’examen spécial 


X Confirming registration – Homologation confirmée 


 Cancelling registration – Homologation annulée 


 Amending registration – Modification à une homologation 


4. Date the decision statement was made public – Date de la publication de l’énoncé de décision* 
April 28 2017 
5. Area of scientific evaluation to which the objection relates – Volet de l’évaluation scientifique touché par l’avis d’opposition* 


X Health risk assessment (toxicology, food residue, occupational exposure) – Évaluation des risques pour la santé (toxicologie, résidus dans les aliments, exposition professionnelle) 


 Environmental risk assessment (environmental fate, environmental toxicology) – Évaluation des risques pour l’environnement (devenir dans l’environnement, écotoxicologie) 


 Value and efficacy assessments (crop tolerance, value) – Évaluation de la valeur et de l’efficacité (tolérance des cultures, valeur) 


6. Scientific basis for the objection – Fondement scientifique de l’opposition* 


Attachment included? – Pièce jointe inclse?  X/ Yes – Oui   No – Non  


 
See the Notice of Objection. Glyphosate applied for desiccation purposes is placing residues in the seeds to that extent that they exceed MRLs and are 
of concern to human health, especially considering increased consumption of the relevant foods, and that evidence of such translocation and 
accumulation has not been considered in the Re-evaluation or contemplated in the law. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. Signature of objector or representative – Signature de l’opposant ou de son représentant 


 
 


Printed Name – Nom en lettres moulées* 
Mary Lou McDonald 


Date* 
June 27, 2017 


Objectors who submit confidential information (i.e., confidential business information, confidential test data) are responsible for identifying this information which is part of their submission. 


  PMRA/ARLA 7004 (04/2013)   
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NOTICE OF OBJECTION 
 
Hon.Jane.Philpott@Canada.ca 
 


 
I, Mary Lou McDonald, in my own capacity and in my capacity as the president of Safe Food 
Matters Inc., am filing this Notice of Objection to the Minister of Health, the Hon. Jane Philpott, 
with respect to the decision on glyphosate taken in Re-evaluation Decision RVD2017-01 
(“RVD2017-01”), Glyphosate pursuant to section 35 of the Pest Control Products Act (the “Act”). 


 
Introduction 
 
Section 35 of the Act provides:  
 


35 (1) Any person may file with the Minister, in the form and manner directed by the 
Minister, a notice of objection to a decision referred to in paragraph 28(1)(a) or 
(b) within 60 days after the decision statement referred to in subsection 28(5) is made 
public. 


 
The decision taken in RVD2017-01 was taken pursuant to paragraph 28(b) of the Act and 
concerned the registration of glyphosate on completion of a re-evaluation.  The decision (“2017 
Decision”) was: 
 


After a re-evaluation of the herbicide glyphosate, Health Canada’s Pest Management 
Regulatory Agency (PMRA), under the authority of the Pest Control Products Act and 
Regulations, is granting continued registration of products containing glyphosate for sale 
and use in Canada.  
 
An evaluation of available scientific information found that products containing 
glyphosate do not present risks of concern to human health or the environment when used 
according to the revised label directions. As a requirement for the continued registration 
of glyphosate uses, new risk reduction measures are required for the end-use products 
registered in Canada. No additional data are being requested at this time. 


 
This Notice of Objection provides arguments based on science and reason objecting to the 2017-
Decision.  It references studies, literature and government publications. It also references policy 
documents of Health Canada, since the Act indicates in Section 8 that the Minister shall give 
effect to government policy in evaluating the health and environmental risks and the value of a 
pest control product.  
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Reason for Objection 
 
The main basis for this objection is that glyphosate applied for desiccation purposes is placing 
residues in the seeds to that extent that they exceed MRLs and are of concern to human health, 
especially considering increased consumption of the relevant foods, and that evidence of such 
translocation and accumulation has not been considered in the Re-evaluation or contemplated in 
the law.  The support for this is set out in point 1-4 below.  The remaining points provide other 
objections. 
 
1) Desiccation with Glyphosate on Crops Causes MRL Exceedances 
2) Evidence of Dietary Exposure to Glyphosate as a Desiccant Not Examined in PRVD2015-01  
3) Evidence that Dietary Exposure of Desiccated Crops has Increased 
4) MRLs for Unregistered Products Have Not Been Set as Required by the Act 
5) Label Amendments Don’t Address the Risk  
6) No Consideration of Whether Labels are Followed  
7) Enforcement of Any Imposed Label Requirements on Desiccants Not Likely  
8) Unlikely that Following Labels Will Bring No Harm, since Statutory Regime Contemplates 


Exceedances of MRLs Even When Labels are Followed 
9) Reductions of Safety Factor Without Scientific Rationale  
 
The substance of these points is set out below.  
 
1) Desiccation with Glyphosate on Crops Causes MRL Exceedances 
 
Glyphosate is being used as a desiccant in pre-harvest applications Canada. It is sprayed on crops 
to kill them for purposes of harvesting. PMRA indicates glyphosate is registered as a desiccant 
on a number of conventional crops, including wheat, barley, oats, canola, flax, lentils, peas, 
drybeans and soybeans (RVD2017-01 at 38). The Saskatchewan Government’s 2017 Guide to 
Crop Protection (at 235) indicates glyphosate can be used for “Crop Staging for Preharvest 
applications” (desiccation) on the conventional crops described above and on the additional 
crops of chickpeas, lupin, faba bean, canaryseed, camelina, mustard and forage (the “Additional 
Crops”).  Desiccation is occurring on a large scale:  for example, grower surveys conducted in 
the United States and Canada show that between 60 and 85% of dry bean acres are treated with a 
desiccant in any given year.1 
 
The literature indicates when glyphosate is applied to crops that have already emerged, it 
translocates to the seeds of the plant. Moreover, the earlier glyphosate is applied as a desiccant, 
or the more moisture content there is in the plant, the higher the residue levels in the plant. This 
is because glyphosate moves preferentially to growing points, which are largely the seed. If 
glyphosate is applied to a crop that is not physiologically mature, it accumulates more in the 
seed.2  
 


                                                 
1 Dr. Jeanette Gaultier and Dr. Rob Gulden, “The science and art of dry bean desiccation” (2017) Crops and Soils 
49:4 12 
2 Ibid.  
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“Glyphosate is a systemic product, which means that once it enters the plant it gets into 
the circulation system and moves through the plant to the same places that the sugars are 
going, which are called sinks…. The sink at pre-harvest is the seed. So basically what 
you are doing by applying early is taking what is applied to the surface of the leaf and 
putting it right into the seed.”3   
 


The higher levels of residue have been observed with cereals and legumes, including spring 
wheat, field pea, barley, flax, canola, dry beans and lentils, among other crops.4  
 
The scientific literature indicates that the early application of glyphosate as a desiccant or the 
application of glyphosate when moisture content is too high has resulted in exceedances of the 
Maximum Residue Limits (“MRLs”) for some crops: in Canada and/or countries that import the 
particular crop.  
 
By way of example, the following studies had the above finding on MRL exceedances with 
respect to the following crops: 
 


a) Wheat seed: 
 


Cessna, A. J., Darwent,  A. L., Kirkland, K. J., Townley-Smith,  L., Harker, K. N. and 
Lefkovitch, L.P. “Residues of glyphosate and its metabolite AMPA in wheat seed and 
foliage following preharvest applications” (1994) 74 Can. J. Plant Science 653 
 


b) Red Lentils: 
 
Ti Zhang, Eric N. Johnson, Thomas C. Mueller, Christian J. Willenborg “Early 
Application of Harvest Aid Herbicides Adversely Impacts Lentil” (2017) 109 (1) 
Agronomy Journal No.  239 
 
T. Zhang, E.N. Johnson(2), S. Banniza, and C.J. Willenborg, “Evaluation of Harvest Aids 
Application Timing for Lentil Dry Down” (2016) 30(3) Weed Technology 629 [Zhang 
2016]  
 
Ti Zhang, “Evaluation of Herbicides as Desiccants for Lentil ((Lens culinaris Medik) 
Production” (2015) Masters of Science Thesis University of Saskatoon [Zhang Thesis]  
 
 


                                                 
3 Clark Benzil, provincial weed specialist with the Saskatchewan Ministry of Agriculture, as quoted in Angela 
Lovell, “Don’t use desiccants to hasten maturity”, Grainews (4 June 2012), online: <www.grainew.ca> 
4 Cessna, A. J., Darwent, A. L., Kirkland, K. J., Townley-Smith, L., Harker, K. N., & Lefkovitch, L. P. (1994). 
Residues of glyphosate and its metabolite AMPA in wheatseed and foliage following preharvest applications. 
Canadian Journal of Plant Science, 74(3), 653-661; Cessna, A. J., Darwent, A. L., Townley-Smith, L., Harker, K. 
N., & Kirkland, K. J. (2000).Residues of glyphosate and its metabolite AMPA in canola seed following preharvest 
applications. Canadian Journal of Plant Science, 80(2), 425-431; Cessna, A. J., Darwent, A. L., Townley-Smith, L., 
Harker, K. N., & Kirkland, K. (2002), Residues of glyphosate and its metabolite AMPA in field pea, barley and flax 
seed following preharvest applications. Canadian Journal of Plant Science, 82(2), 485-489.  
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c) Dry beans:  
 
Kristen E. McNaughton, Robert E. Blackshaw, Kristine A. Waddell, Robert H. Gulden, 
Peter H. Sikkema,1 Chris L. Gillard, “Effect of Application Timing of Glyphosate and 
saflufenacil as desiccants in dry edible bean (Phaseolus vulgaris L)” (2015) 95(2) 
Canadian Journal of Plant Science 369. [McNaughton 2015]  
 
NOTE: This study is published on the website of Agriculture and Agri-Food Canada, 
Science Publications and Resources, date modified 2015-05-21. 
 
Dr. Jeanette Gaultier and Dr. Rob Gulden, “The science and art of dry bean desiccation”  
(2017) Crops and Soils 49:4 12  
 


d) Field Peas:  
 
Cessna, A. J., Darwent, A. L., Townley-Smith, L., Harker, K. N. and Kirkland, K. J. 
2002, “Residues of glyphosate and its metabolite AMPA in field pea, barley and flax seed 
following preharvest applications” (2002) 82. Can. J. Plant Sci. 485 [Cessna 2002]  
 


The expectation in the literature that MRL exceedances will occur with desiccated crops is being 
manifest in fact in Canada. There is evidence of exceedances in a cereal and legume, based on 
data recently obtained from the Canadian Food Inspection Agency (“CFIA”) pursuant to an 
Access to Information Request submitted by Mr. Tony Mitra.5  The information provided by the 
CFIA indicated “violations” had occurred with respect to chickpeas and wheat bran.  Twenty-six 
out of 71 chickpea samples that were assessed, or 36.6%, were considered in violation, and 
2 out of 55 wheat bran samples were in violation.   
 
The details of the violations are set out in Appendix I and II, attached. 
 
Food containing a pesticide residue that does not exceed the established MRL does not pose a 
health risk concern according to Health Canada (PRVD2015-01 at 3).  The corollary is that foods 
that DO exceed the established MRL DO pose a health risk.  
 
In conclusion, the literature shows that MRLs for some crops, in particular cereals and legumes, 
can be exceeded when glyphosate is used as a desiccant and the crop has a high moisture content, 
and the CFIA data shows that exceedances in crops that have likely been desiccated is occurring.   
Such exceedances pose a health risk. In other words, they endanger human health.  
 
2) Evidence of Dietary Exposure to Glyphosate as a Desiccant Not Examined in 


PRVD2015-01  
 


                                                 
5 Tony Mitra, “Glyphosate in chickpea, lentil and wheatbran” (June 15, 2017) 
http://www.tonu.org/2017/06/15/glyphosate-in-chickpea-lentil-and-wheat-bran/ 
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There is no discussion of dietary exposure through harvest management or desiccation 
applications of glyphosate in the content of PRVD 2015-01.  All that exists is an indication (at 
11) that Appendix IIa lists the Commercial Class uses for which glyphosate is “currently” 
registered (as at 3 May 2012). The Commercial Class uses included “harvest management” 
(desiccation) for the following crops: wheat, barley, oats, soybeans, soybeans (Glyphosate 
tolerant or Roundup Ready soybean varieties, or Roundup Ready 2 Yield soybean varieties) 
canola, canola (glyphosate tolerant),  peas, dry beans, flax (including low linoleic acid varieties), 
lentils, chickpeas, lupin (dried), fava bean (dried), mustard (yellow/white, brown, oriental), pearl 
millet (pearl millet grain is to be harvested for use as animal feed only. Do not graze treated pearl 
millet forage or cut for hay.), sorghum (grain) (not for use as a forage crop), Forage grasses and 
legume including seed production.  
 
Apart from the above references to “harvest management”, the only other mentions of harvest 
management or desiccation in PVRD 2015-01 are under discussions of “value” where it is stated 
(at 6): “It is one of few herbicides that can also be used as harvest management and desiccation 
treatment” and (at 42) “The pre-harvest application of glyphosate provides additional benefits to 
growers as it functions both as a harvest management and a desiccation treatment”. Then an 
explanation is provided.  
 
Dietary exposure from desiccated crops was also not discussed in the content of Section 3.2 of 
the Science Evaluation forming part of PRVD2015-01 (pages 17-18) that concerned “Dietary 
Exposure and Risk Assessment”.   
 
It would appear that an examination of the risks arising from dietary exposure to crops that have 
been desiccated with glyphosate was not part of the Re-evaluation. It is submitted that such an 
examination is necessary, particularly given the understanding provided above of the 
mechanisms by which MRLs can be exceeded in desiccated crops, and that data from the CFIA 
indicates that exceedances are occurring in fact.  
 
3) Evidence that Dietary Exposure of Desiccated Crops has Increased 
 
Section 3.2 of the Science Evaluation forming part of PRVD2015-01 (at 17-18) concerned 
“Dietary Exposure and Risk Assessment”. It indicated that “The PMRA Science Policy Note 
SPN2003-03, Assessing Exposure from Pesticides, A User’s Guide” presents detailed acute, 
chronic and cancer-risk assessment procedures.” (“SPN2003-03”). 
 
The risk procedures outlined in SPN2003-03 describe how exposure to a pesticide is determined 
(at 3):  


“The amount of pesticide to which an individual is exposed (i.e. exposure) is determined 
by combining the amount of pesticide that is in or on the food (i.e. residue levels) and the 
amount and type of foods that people eat (i.e. food consumption).” 
 


With respect to food consumption, SPN2003-03 indicates (at 7): 
 


“Consumption information comes from the USDA’s Continuing Survey of Food Intake by 
Individuals (CSFII), which provides survey data of what people eat in the United States 
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(U.S.).and Canada.” 
 


This food survey data from CSFII is used by the PMRA since Canadian and American eating 
habits have been shown to be similar if not identical (p. 8). The data from CSFII as referenced in 
SPN2003-03 is data from at best 2003, that date of the Science Policy Note.  The actual name of 
CSFII, however, is 1994-1996, 1998 Continuing Survey of Food Intakes by Individuals, which 
means the data is from at best 1998.  
Data from these sources is outdated, and consumption of desiccated crops (and hence 
production) of desiccated crops has increased markedly since the data date.  
 
Even if more current data available to PMRA is taken into consideration, the data is still outdated 
and evidence on current consumption levels is needed. In Science Policy Note SPN2014-01, 
General Exposure Factor Inputs for Dietary, Occupational and Residential Exposure 
Assessments, PMRA (at 8) indicated that it was adopting the United States WWEIA (What We 
Eat in America) consumption data as part of DEEM-FCID, primarily due to its larger sample size 
and the fact that it is a continuous survey that is more representative of current eating habits. 
Appendix I to SPN2014-01 indicates that consumption data used in dietary exposure assessments 
was reviewed in 2010 and incorporated into the Dietary Exposure Evaluation Model-Food 
Consumption Intake Database (DEEM-FCID)”.  So the last consumption data that the PMRA 
currently uses, aside from the Re-evaluation is, at best, from 2010. 
 
However this data is in sufficient for purposes of reevaluating glyphosate. The consumption of 
chickpeas in the United States has grown at least 90% since 2010.  Hummus is a dip made form 
chickpeas, and over a quarter of Americans reported in 2014 that they had the dip in the 
refrigerators. Consumer spending on hummus has reached $1 billion a year in 2014, after 
growing some 18% a year over the previous five years – six times faster than the overall growth 
of the American food market.6 Lentils and other leguminous crops have also trended high for 
several years, and lentils and chickpeas will reach record highs in the 2016/17 marketing year. 7   
 
Because consumption is increasing, production is as well. Below is a chart that shows the rise in 
production of pulses in the United States in the years since 2010. 
 


                                                 
6 Yoram Gabison, “The Dip That Roared: How Humus Conquered the US” June 20, 2014 Haaretz 
7 Jennifer Bond, “Pulses Production Expanding as Consumers Cultivate a Taste for U.S. Lentils and Chickpeas” 
(2017) Amber Waves 
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Part of the reason for increased consumption is large marketing efforts. The Pulse Canada 
publication “2016 International Year of Pulses Final Report” (at 10) indicated “In a June 2016 
survey, 36% of Canadian consumers and 49% of US consumers indicated that they had seen or 
heard about something related to pulses in the media or in advertising since January 2016. 28% 
of Canadian consumers and 36% of US consumers believe that what they saw or read about 
pulses has led to an increase in pulse consumption.”  
 
The Canadian statistics are not quite as readily available, but the following tables show numbers 
for the supply and disposition of Total Pulse and Special Crops for the years from 2010 to 2013, 
and then 2015 to 2018. Total domestic use for these crops went from 769,000 metric tonnes in 
2010-11 to 1,914,000 metric tonnes in 2016-17, an increase of 250%.  
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This increase in consumption of pulses and special crops, particularly those subject to 
desiccation by glyphosate, is evidence and data that is required for an accurate current 
assessment of glyphosate.  However, PRVD2015-01 and PRVD2017-01 both indicated that there 
were no additional data requirements.  
The wording in PVRD2017-01 (at indicated that 8) was:  
 


What Additional Scientific Information is Being Requested? 


There are no additional data requirements proposed as a condition of continued 
registration of glyphosate products.  
 


The wording in PRVD2015-01 (at 100) was: 
 


V.4 Data Gaps 
 
“Sufficient information was available to adequately assess the dietary exposure and risk from 
exposure to glyphosate (all registered, equivalent salt formulations). …. No deficiencies 
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were identified in the residue chemistry database from previous PMRA reviews. No further 
data are required.  


 
Based on these statements that no further data are required, it would appear that the food 
consumption data that was used as the basis for the dietary risk assessment is from 1998.  At best 
it is from 2010.  Such an assessment is inadequate from an evidentiary perspective, because it 
ignores the evidence that current levels of consumption and production of desiccated legumes 
like chickpeas and lentils has increased dramatically. Accurate numbers showing the increase in 
consumption would increase the numbers for the calculations of glyphosate exposure through 
diet. 


 
4) MRLs for Unregistered Products Have Not Been Set as Required by the Act 
 
The legislation on the establishment of MRLs for pest control products is the Act.  Section 9 
deals with setting MRLs for registered products.  Section 10 deals with setting MRLs for pest 
control products that are (a) not registered or that (b) are registered for a use that is not provided 
for by its registration. With respect to the latter products, Regulatory Directive: Minor Use 
Requested Minor Use Label Expansion (“URMULE”) can apply.  
 
For convenience, sections 9, 10 and 11 of the Act are set out here:  
 


Maximum Residue Limits 
Specification at time of registration decision 


9 When making a decision regarding the registration of a pest control product, the 
Minister shall, if necessary, specify any maximum residue limits for the product or for its 
components or derivatives that the Minister considers appropriate in the circumstances. 
 
Specification for unregistered products and uses 


10 (1) The Minister may specify maximum residue limits for an unregistered pest control 
product or its components or derivatives, or for a registered pest control product or its 
components or derivatives with respect to a use that is not provided for by its 
registration, whether or not an application under subsection (2) is made for that purpose. 
 
Application for specification 


(2) Any person may make an application to the Minister to specify maximum residue 
limits pursuant to subsection (1). Section 7, with any necessary modifications, applies to 
that application. 
 
Evaluation of health risks 


(3) When specifying maximum residue limits for a pest control product or its components 
or derivatives pursuant to subsection (1), the Minister shall evaluate only the health risks 
of the product or its components or derivatives. 
 
Health risks to be considered acceptable 


11 (1) The health risks associated with maximum residue limits specified by the Minister 
under sections 9 and 10 must be considered to be acceptable by the Minister. 
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Subsection 9(3) essentially requires that the Minister evaluate only the health risks of the product 
in the instances of setting an MRL for a crop that is registered under URMULE.  
 
According to the 2017 Guide to Crop Protection published by the Saskatchewan Ministry of 
Agriculture (“2017 Guide”), chickpeas and other crops are the subject of a URMULE.  
According to the 2017 Guide (at 235), the use of glyphosate for the use of “Crop Staging for 
Preharvest Applications” on the crops canary seed, mustard, chickpea, lupin and faba bean is 
registered under the URMULE program, and because of this “the manufacturer assumes no 
responsibility for herbicide performance. Those who apply glyphosate to chickpea, lupin, faba 
bean, canary seed, camelina or mustard do so at their own risk”.  
 
There is no indication that the use of desiccation/ pre-harvest management on Additional Crops 
has been looked at or that MRLs have been established for the Additional Crops subject to this 
use. RVD2017-01 does indicate in Appendix I that MRLs for conventional crops that have been 
desiccated have been established based on field trial residue studies, but it does not mention the 
Additional Crops (at 38): 
 


1.3.4 Glyphosate Used as Desiccant and Residue  
Comment  


Comments expressed concern about the use of glyphosate for pre-harvest desiccation on 
conventional crops, the level of residues left on desiccated crops at harvest and the 
resulting long-term dietary exposure 
 
PMRA Response 


Glyphosate is registered for pre-harvest use (desiccation) on a number of conventional 


crops including wheat, barley, oats, canola, flax, lentils, peas, dry beans, and soybeans.  
To support this Use, field trial residue studies were required to determine the level of 
residues resulting from the pre-harvest desiccations conducted according to the requested 
use pattern. Maximum residue limits (MRLs) for these crops were established on the basis 
of the submitted studies. Those MRLs were included in the estimation of short term (acute) 
as well as long term (chronic) dietary exposures. During PMRA’s assessment, no dietary 
risk concerns were identified, as the levels of exposure estimates were well below the 
reference doses set for dietary risk assessment (the ARfD and ADI).   


 
Moreover, it appears from the above quotation that the PMRA set the MRLs for the conventional 
crops based on submitted studies that determined the levels of residues.  A determination of the 
levels of residues that occur in fact and a consequent setting of equivalent MRLs is not an 
evaluation of health risks.  Again, the Act requires that in this instance health risks be evaluated 
and only the health risks. It would appear that MRLs have not been set for glyphosate applied as 
a desiccant on Additional Crops, and where they have been set on conventional crops on the 
basis of field trial studies, it does not appear that the health risks were considered as is required 
by the Act.  
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5) Label Amendments Don’t Address the Risk  
 


The risk to human health from consuming crops that have been desiccated with glyphosate when 
moisture content is high is not mitigated by the proposed label amendments.  The amendments 
speak only to spray buffer zones (PRVD2015-01 Appendix XII; RVD2017-01 Appendix IV). 
They do not address the moisture content in crops prior to desiccating.  
 
Moreover, there is no certainty that even if labels were amended to address spraying when 
moisture content is high that the risk would be mitigated.  The literature indicates that it is 
difficult to desiccate the whole crop at low moisture contents, because the plant matures in 
different stages, and some parts of it may be wet and others dry: “in indeterminate plants, such as 
pulses, flowers are produced at the bottom and continue to be produced all the way up as the 
plant grows. This results in mature pods at the bottom of the plant and greener material at the 
top….8 
 
Also moisture content is determined not only by physiological maturity of the plant, but also by 
the weather, and the weather cannot be controlled or predicted.  By way of  example, a major 
concern in Saskatchewan in 2016 were the pea and lentil crops, because they were suffering from 
excessive moisture.9 Heavy rains delayed harvest and rendered desiccated crops slow to dry.10 If 
a crop is desiccated and then heavy rains occur, the moisture content can be affected (Cessna, 
2002; Zhang 2016; Zhang Thesis). Finally, the determination of moisture content by visual 
indicators is a subjective determination, and so subject to error. (Zhang Thesis at 62).  Moreover, 
even if visual indicators do provide accurate determinations, they are at best guidance and not 
prescriptions that can enforced.  
 
Section 2(2) of the Act states: 
 


(2) For the purposes of this Act, the health or environmental risks of a pest control 
product are acceptable if there is reasonable certainty that no harm to human health, 
future generations or the environment will result from exposure to or use of the product, 
taking into account its conditions or proposed conditions of registration.  
 


Given that no labels are proposed that would mitigate the previously discussed risk to human 
health from desiccation, and given that any such labels would not with reasonable certainty be 
effective because of the subjective content of any label and the unpredictability of the weather 
which can affect moisture content, there is no reasonable certainty that no harm to human health 
or future generations will result from dietary exposure to glyphosate.  
 
6) No Consideration of Whether Labels are Followed  
 
The successful implementation of the 2015 Decision and the 2017 Decision are both premised on 
the assumption that labels will be followed, but PVRD2015-01 and RVD2017-01 did not 
                                                 
8 Brenzil, Ibid. 
9 David Giles, “Pea, lentil crops suffering from too much moisture as Sask. Harvest gets under way” August 4, 2016 
Global News 
10 Government of Saskatchewan Crop Report For the Period August 30 to September 5, 2016 
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consider the fact that labels are not in fact followed in Canada; a fact that has been reported by 
PMRA.  
 
Health Canada’s Pest Management Regulatory Agency/ Regulatory Operations and Regions 
Branch prepares Compliance and Enforcement Reports.  The Report for 2015-2016 indicated 
that most of the instances of non-compliance for that year were of three types, including “use 
contrary to the label approved by PMRA” (at 5 and 6).  
 
As an example, in 2015-2016 PMRA carried out a “Fruit and Nut Bearing Trees, Bush and Vine 
Growers Inspection Program” that inspected 172 growers.  Forty-seven per cent of the growers 
were not fully compliant, and “[t]he majority of the violations involved worker protection 
violations related to not following the label directions, such as not wearing the proper PPE (73 
growers), not respecting the re-entry interval (REI) (32 growers) and the preharvest interval 
(PHI) (21 growers). 
 
The 2015-2016 Report indicated PMRA conducted a monitoring inspection program on 83 pest 
control operators (“PCOs”), which are specialized users who are specialized commercial users 
who provide structural and landscaping extermination services. Forty-six per cent of the PCOs 
were in violation, and “[t]he most frequent violations included the use of pest control 
products contrary to label directions (use not included on the label, incorrect use sites and 
incorrect rates), use or possession of unregistered pest control products, and inadequate use of 
the PPE. 
 
The Surveillance Program in 2015-2016 verified whether there was a return to compliance based 
on previous non-compliance and likelihood to re-offend. Thirty-two per cent had not returned 
to compliance.  
 
7) Enforcement of Any Imposed Label Requirements on Desiccants Not Likely  


 
DIR2007-02 Compliance Policy (15 June 2007) outlines the Compliance Policy followed by 
PMRA. With respect to inspections for compliance, it is stated (at 4): 


 
Inspections are conducted to assess or verify compliance by registrants, distributors or 
pesticide users. The types of inspections include the following: 
• monitoring inspections 
• surveillance inspections; and 
• contingency response inspections. 


 
Monitoring inspections are planned inspections and they monitor compliance with the Act. 
Surveillance inspections concern whether a previous violator has returned to compliance.  
Contingency response inspections, or rapid response inspections, are enforcement responses to 
non-compliance, which can vary depending on a number of factors.  
 
Even if a moisture content label requirements are put in place for the use of desiccants, it is 
unlikely that the requirements could or would be enforced adequately, at least under the current 
enforcement regime.  The reason is that the only inspection tool currently in place for the PMRA 
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that would be applicable is “monitoring inspections”. Because the seeds on even one plant have 
different maturity levels depending on their stage of growth, the inspector would need to 
examine the crop at the exact time the determination is made, and this would be administratively 
and practically difficult. He or she would also need to ensure that the moisture content is not 
increased after desiccation because of rain. Moreover, because the determination of moisture 
content is a subjective judgement, there is no clear line for when moisture content is appropriate.  
Enforcement without clear lines is administratively and legally difficult.  
 
Section 2(2) of the Act in effect requires establishment of a reasonable certainty that no harm 
will result from glyphosate exposure taking into account the labels.  For such a certainty to be 
reasonable, it should be likely that the labels will be followed.  Given that labels in fact are not 
followed, and given that enforcement of any moisture content labels would be practically and 
administratively difficult if not impossible, it is extremely unlikely that labels as to moisture 
content would be followed, even if they were imposed.   
 
8) Unlikely that Following Labels Will Bring No Harm, since Statutory Regime 


Contemplates Exceedances of MRLs Even When Labels are Followed 
 


The federal statutory regime even contemplates the scenario where the label is followed but 
MRLs are nevertheless exceeded. This runs contrary to the presumption in the 2015 Decision 
and the 2017 Decision that labels will be followed and the assumption that if labels are followed 
there is reasonable certainty that no harm to human health, future generations or the environment 
will result from exposure to or use of the product. 
 
Specifically, the Pesticide Residue Compensation Act provides compensation for any loss 
suffered by a farmer as a result of the presence of pesticide in or on an agricultural product of 
that farmer, if (a) an inspection disclosed the presence of a residue that would render a sale 
contrary to the Food and Drugs Act (i.e. the MRL would be too high); (b) the pesticide is 
nevertheless registered or deemed registered under the Pest Control Products Act: (c) the 
pesticide was used in accordance with practices approved, recommended, directed or concurred 
in by the Minister of Health (i.e. in accordance with label directions); and (d) the Minister is 
satisfied that the presence of the pesticide is not the fault of the farmer, his employees, agents 
etc. or those of the previous owner.  
 
This has been described by the Ontario Pesticides Education Program at 61 as follows: 
 


“This Act pays the producer for damages or losses if the sale of his or 
her produce is stopped because it contains more pesticide residue 
than the Food and Drugs Act allows. The producer must prove that 
the pesticide was applied according to the label directions in order to 
be considered for compensation. Health Canada administers this 
Act.”  


 
Thus this compensation act contemplates that MRLs will be exceeded even when label directions 
are followed. It is difficult for Health Canada to take the position that labels will be followed and 
therefore no harm will result from glyphosate exposure when the federal statutory regime 
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contemplates exceedances of MRLs even when labels are followed.  
 
9) Reductions of Safety Factor Without Scientific Rationale  
 
The Act requires the application of a margin of safety, if glyphosate is used in or around homes 
or schools, that is 10 times great than the margin of safety that would otherwise be applicable, 
unless the Minister determines “on the basis of reliable scientific data” that a different margin of 
safety would be appropriate.  The relevant provision is Subsection 19(2)(b)(iii):  
 


19 (2) In evaluating the health and environmental risks of a pest control product and in 
determining whether those risks are acceptable, the Minister shall 
(a) …. 
(b) in relation to health risks, 
(i) … 
(ii) apply appropriate margins of safety to take into account, ….. 
 and 
(iii) in the case of a threshold effect, if the product is used in or around homes or schools, 
apply a margin of safety that is ten times greater than the margin of safety that would 
otherwise be applicable under subparagraph (ii) in respect of that threshold effect, to 
take into account potential pre- and post-natal toxicity and completeness of the data with 
respect to the exposure of, and toxicity to, infants and children, unless, on the basis of 


reliable scientific data, the Minister has determined that a different margin of safety 
would be appropriate. 


 
The requirement that the Minister base any decision to lower the safety factor on reliable 
scientific data is also set out in Re-Evaluation Note REV2010-2 Re-evaluation Work Plan for 
Glyphosate (2 February 2010).  This document summarized the needs for the re-evaluation of 
glyphosate. With respect to the human health assessment, it was stated (at 2): 
 


• The assessment will include application of the Pest Control Products Act factors. 
 


•  Occupational and residential risk assessments will be revised if required should 
there be any changes to toxicology endpoints or the Pest Control Products Act 


factors. 
 


• Dietary risk is well below the levels of concern based on current modern 
assessments. New assessments will not be needed provided there are no changes to 
toxicology endpoints as a result of the Pest Control Products Act factor 


considerations. 
 


The referenced “Pest Control Products Act factor considerations” are described in Science Policy 
Note SPN2008-01 The Application of Uncertainty Factors and the Pest Control Products Act 
Factor in the Human Health Risk Assessment of Pesticides (29 July 2008).  It is stated: 
 


“The PMRA interprets the new PCPA provisions as requiring a presumptive application 
of the 10-fold factor for the protection of infants and children.  In other words, the onus 
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is on the PMRA to provide a reliable scientific rationale in those cases where the 10-fold 
PCPA factor is reduced….”, 


 
The Conclusion of SPN2008-01 (at 18) is that deviations from the Pest Control Products Act 
factor require sound scientific justification:  
 


“It should be noted that deviations from this guidance would be considered on the basis 
of developments in science or risk assessment methodologies or changes in policy 
approach; however, such deviations would require sound scientific justification.” 


 
It appears that PRVD2015-01 reduced the safety factor in at least two instances, without a 
reliable scientific rationale. The first concerned exposure to children younger than 2 years old.  
PRVD2015-01 at 28 examines post-application dermal exposure of glyphosate to children 1 to 
less than 2 years old and incidental oral exposure (hand-to-mouth) from performing 
postapplication activities in treated lawns/turf + chronic dietary (food and drinking water). This  
aggregate exposure scenario initially assumed a glyphosate application rate of two applications 
with a seven day interval. At that application rate, the calculated MOEs for the adult and the 
youth/children (6 to <11 years old) scenarios reached the target MOE of 100, but the MOE for 
children (1 to < 2 years old) for the postapplication + incidental oral exposure + chronic dietary 
scenario did not reach the target of 100.  “Therefore… non-dietary refinements were required.” 
 
In response to this finding, PMRA simply changed the aggregate assessment to one application 
of glyphosate with a seven-day time-weighted turf transferable residue average for the entire 
aggregate assessment for all populations. The average residues of glyphosate were calculated 
over a seven-day span, rather than assuming exposure to residues immediately after application. 
PMRA stated: 


 
[A]ssuming two applications (with a seven-day interval) at the maximum application rate is a 
highly conservative exposure assumption, as it is unlikely that children would be exposed to 


turf residues of the highest rate, at the lowest interval of application immediately after 
application. Therefore, a refinement using one application of glyphosate along with a seven-
day time-weighted TTR average was used (the average resides of glyphosate were calculated 
over a seven-day span) for the entire aggregate assessment for all populations. 
 


The response in RVD2017-01 (at 34, 35) to a comment raising a concern with this “refinement” 
was to repeat the explanation and add “Using these refinements, all calculated MOEs exceeded 
the target MOEs and are not of concern to human health”.  
 
The refinement in effect decreased the 10-fold factor, by changing the application rates. Had the 
application rates stayed the same, the 10-fold factor would have been exceeded. There was no 
scientific justification for this change: just at statement that “it is unlikely that children would be 
exposed to turf residues of the highest rate, at the lowest interval of application immediately after 
application”.  As such, it is contrary to the requirement that there be reliable scientific data for 
such a change.  
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The second instance of a reduction in the safety factor concerned the consideration of prenatal or 
postnatal toxicity.  PRVD2015-01 at 17 discussed studies on this point, and stated: 
 


“Overall, the endpoints in the young were well characterized. The increased incidence 


of fetal cardiovascular malformations noted in a rabbit developmental toxicity study 


was considered a serious endpoint. However, the concern regarding the serious nature 


of this effect was tempered by the presence of maternal toxicity at the same and lower 


dose levels in this study. Therefore, the Pest Control Products Act factor was reduced to 
three-fold when this endpoint was used to establish the point of departure. For all other 
scenarios, the Pest Control Products Act factor was reduced to one-fold since there were 
no residual uncertainties with respect to the completeness of the data, or with respect to 
potential toxicity to infants and children.” 


 
However, the tempering of the concern surrounding the “serious endpoint” does not appear to be 
permitted, based on the approach outlined in SPN2008-01.  In the description in SPN2008-01 of 
the consideration of pre-natal or post-natal toxicity it is stated (at 17):  
 


“If toxicity data indicate no prenatal or postnatal toxicity or the level of concern is low 
(and the data is considered complete), then the presumption for use of the 10-fold PCPA 
factor will be obviated with respect to the potential for prenatal and postnatal toxicity 
(i.e. the PCPA factor would be reduced to one-fold). If the level of concern is high, the 
10-fold PCPA factor will be retained.” 


 
Figure 2 at p.21 of SPN2008-01 outlines the approach:  First, apply the 10-fold PCPA factor. 
Then if either a) there are residual uncertainties with respect to completeness of data with respect 
to the toxicity of infants and children, or b) there are residual concerns relating to prenatal or 
postnatal toxicity, then the PCPA factor can be modified as required.  
 
It would appear that the increased incidence of fetal cardiovascular malformations in the rabbit 
developmental toxicity study was a serious endpoint. As such, the 10-fold PCPA factor should 
have been retained.  The fact that there was also maternal toxicity does not detract from the 
seriousness of the toxicity to the fetuses.  There did not appear to be a concern with the 
completeness of data or residual concerns relating to prenatal or postnatal toxicity, so based on 
the approach outlined in SPN2008-01, the safety factor should have been retained.  
 
In addition, it is noteworthy that Re-Evaluation Note REV2010-2 Re-evaluation Work Plan for 
Glyphosate indicates that a new assessment is needed for dietary risk when there are changes to 
toxicology endpoints (see above). There is no indication that a new assessment was carried out.  
 
Conclusion 
 
It would appear there are threats of serious damage to the health of peoples who consume crops 
desiccated by glyphosate in Canada. The levels of residues in crops that are desiccated when the 
moisture content is high have exceeded MRLs in field studies, and recent CFIA data indicates 
such exceedances are occurring in fact sin Canada.  Foods that exceed the established MRL pose 
a health risk. An evaluation of glyphosate in the use of desiccation did not occur in PRVD2015-
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01 or RVD2017-01, and MRLs for the use of desiccation in non-conventional crops do not 
appear to have been established in accordance with the Act; even though consumption of these 
crops is increasing markedly.  It is submitted that a board of review be struck to assess 
glyphosate in this context.  
 
Such an evaluation is critical for Canada for two reasons.  First, Canadians are likely consuming 
crops that contain unacceptable levels of glyphosate residue. Second, many of our desiccated 
legume crops are exported to countries whose MRLs are lower than Canada’s.  Canada now 
accounts for approximately 37% of world pulse trade, and is the world’s largest producer and 
exporter. Appropriate regulation of glyphosate applications in these arenas will contribute to 
enhanced trade.  
 
 
 


 
President, Safe Food Matters Inc.  
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APPENDIX I  
GLYPHOSATE IN CHICKPEAS – CFIA TESTS 
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APPENDIX II  
GLYPHOSATE IN WHEAT BRAN – TONY MITRA - CFIA  
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Glyphosate in Chickpea - CFIA tests


SR SAMPLE_NO Region_Name Plan_Code Product Type ORIGIN_E DOM_IMP DateSample Dt_Recd Dt_Rept Commodity PROGRAM ANNALYTE AMMOUNT (ppm) Report-
Unit


Program 
Assessment 
for FDR 4(d)


Dt-
Analyzed


Sample_Type


1 C2015PEST01691 WEST 2015_SB454 Chickpea Products CANADA Domestic 2015-07-07 2015-07-09 2015-10-21 IMFD GLYPHOSATE Glyphosate 3.18 µg/g Violation 2015-10-20 FRIED CHICKPEA SNACK


2 C2015PEST01731 WEST 2015_SB454 Chickpea CANADA Domestic 2015-08-06 2015-08-14 2015-11-01 IMFD GLYPHOSATE Glyphosate 2.63 µg/g Violation 2015-10-29 CHICKPEAS


3 C2015PEST00468 ONTARIO 2015_SB454 Chickpea CANADA Domestic 2015-08-24 2015-08-27 2015-11-01 IMFD GLYPHOSATE Glyphosate 2.44 µg/g Violation 2015-10-29 CHICKPEAS


4 C2015PEST00166 ONTARIO 2015-5B454 Chickpea UNKNOWN Unknown 2015-05-12 2015-05-19 2015-07-30 IMFD GLYPHOSATE Glyphosate 2.41 µg/g Violation 2015-07-28 Chickpeas


5 C2015PEST01557 WEST 2015_SB454 Chickpea UNITED STATES Import 2016-01-02 2016-01-05 2016-04-07 IMFD GLYPHOSATE Glyphosate 2.36 µg/g Violation 2016-04-07 CHICKPEAS


6 C2015PEST00076 ATLANTIC 2015_5B454 Chickpea UNKNOWN Unknown 2015-09-03 2015-09-16 2015-12-08 IMFD GLYPHOSATE Glyphosate 1.42 µg/g Violation 2015-12-08 Chickpeas (Garbanzo Beans)


7 C2015PEST00578 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-09-15 2015-09-17 2015-12-08 IMFD GLYPHOSATE Glyphosate 1.14 µg/g Violation 2015-12-08 CHICKPEAS


8 C2015PEST01130 QUEBEC 2015_SB454 Chickpea UNKNOWN Unknown 2015-10-01 2015-10-06 2015-11-26 IMFD GLYPHOSATE Glyphosate 1.03 µg/g Violation 2015-11-18 CHICKPEAS


9 C2015PEST01231 QUEBEC 2015_SB454 Chickpea UNITED STATES Import 2015-11-16 2015-11-18 2015-12-17 IMFD GLYPHOSATE Glyphosate 0.952 µg/g Violation 2015-12-17 ORGANIC GARBANZO BEANS


10 C2015PEST01993 WEST 2015_SB454 Chickpea UNITED STATES Import 2016-02-12 2016-02-19 2016-04-07 IMFD GLYPHOSATE Glyphosate 0.92 µg/g Violation 2016-04-07 CHICKPEAS


11 C2015PEST01732 WEST 2015_SB454 Chickpea CANADA Domestic 2015-08-06 2015-08-14 2015-11-01 IMFD GLYPHOSATE Glyphosate 0.79 µg/g Violation 2015-10-29 CHICKPEAS NO SALT ADDED


12 C2015PEST01131 QUEBEC 2015_SB454 Chickpea UNKNOWN Unknown 2015-10-14 2015-10-16 2015-12-04 IMFD GLYPHOSATE Glyphosate 0.28 µg/g Violation 2015-12-04 Chana - ChickPeas - Pois Chiches


13 C2015PEST01316 QUEBEC 2015_SB454 Chickpea Products UNITED STATES Import 2016-01-11 2016-01-14 2016-04-08 IMFD GLYPHOSATE Glyphosate 0.264 µg/g Violation 2016-04-08 HUMMUS - CLASSIC (GLUTEN-FREE)


14 C2015PEST01909 WEST 2015_SB454 Chickpea Products UNITED STATES Import 2015-12-10 2015-12-15 2016-03-18 IMFD GLYPHOSATE Glyphosate 0.219 µg/g Violation 2016-03-17 SMOKY CHILI & LIME FLAVOURED 
CHICKPEA SNACK


15 C2015PEST01909 WEST 2015_SB454 Chickpea Products UNITED STATES Import 2015-12-10 2015-12-15 2016-03-18 IMFD GLYPHOSATE Glyphosate 0.219 µg/g Violation 2016-03-17 SMOKY CHILI & LIME FLAVOURED 
CHICKPEA SNACK


16 C2015PEST01822 WEST 2015_SB454 Chickpea UNKNOWN Unknown 2015-10-13 2015-10-16 2015-12-08 IMFD GLYPHOSATE Glyphosate 0.165 µg/g Violation 2015-12-08 CHICKPEA CANNED


17 C2015PEST01081 QUEBEC 2015_SB454 Chickpea Products UNKNOWN Unknown 2015-09-09 2015-09-11 2015-11-16 IMFD GLYPHOSATE Glyphosate 0.157 µg/g Violation 2015-11-12 CHICKPEA DIP (HUMMUSTAHINA)


18 C2015PEST00979 QUEBEC 2015_SB454 Chickpea Products LEBANON mport 2016-01-06 2016-01-08 2016-04-08 IMFD GLYPHOSATE Glyphosate 0.149 µg/g Violation 2016-04-08 CHICKPEA DIP (HUMMUS)


19 C2015PEST01315 QUEBEC 2015_SB454 Chickpea Products LEBANON Import 2016-01-21 2016-01-22 2016-03-28 IMFD GLYPHOSATE Glyphosate 0.144 µg/g Violation 2016-03-24 CHICKPEA DIP HUMMUS


20 C2015PEST00146 ATLANTIC 2015-5B454 Chickpea UNKNOWN Unknown 2016-02-10 2016-02-10 2016-03-31 IMFD GLYPHOSATE Glyphosate 0.105 µg/g Violation 2016-03-30 Chickpeas


21 C2015PEST01130 QUEBEC 2015_SB454 Chickpea UNKNOWN Unknown 2015-10-01 2015-10-06 2015-11-26 IMFD GLYPHOSATE AMPA 0.077 µg/g Violation 2015-11-18 CHICKPEAS


22 C2015PEST00166 ONTARIO 2015-5B454 Chickpea UNKNOWN Unknown 2015-05-12 2015-05-19 2015-07-30 IMFD GLYPHOSATE AMPA 0.0382 µg/g Violation 2015-07-28 Chickpeas


23 C2015PEST01731 WEST 2015_SB454 Chickpea CANADA Domestic 2015-08-06 2015-08-14 2015-11-19 IMFD GLYPHOSATE AMPA 0.0208 µg/g Violation 2015-10-29 CHICKPEAS


24 C2015PEST00076 ATLANTIC 2015_5B454 Chickpea UNKNOWN Unknown 2015-09-03 2015-09-16 2015-12-08 IMFD GLYPHOSATE AMPA 0.0173 µg/g Violation 2015-11-18 Chickpeas (Garbanzo Beans)


25 C2015PEST01081 QUEBEC 2015_SB454 Chickpea Products UNKNOWN Unknown 2015-09-09 2015-09-11 2015-11-16 IMFD GLYPHOSATE AMPA 0.0103 µg/g Violation 2015-11-12 CHICKPEA DIP (HUMMUSTAHINA)


26 C2015PEST01732 WEST 2015_SB454 Chickpea CANADA Domestic 2015-08-06 2015-08-14 2015-11-19 IMFD GLYPHOSATE AMPA 0.0094 µg/g Violation 2015-10-29 CHICKPEAS NO SALT ADDED


27 C2015PEST00407 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-06-01 2015-06-04 2015-10-21 IMFD GLYPHOSATE Glyphosate 3.91 µg/g No Violation 2015-10-20 ORGANIC CHICKPEAS


28 C2015PEST01650 WEST 2015_SB454 Chickpea CANADA Domestic 2015-06-17 2015-06-23 2015-10-21 IMFD GLYPHOSATE Glyphosate 2.81 µg/g No Violation 2015-10-20 CHICKPEAS CANNED


29 C2015PEST01907 WEST 2015_SB454 Chickpea Products UNITED STATES Import 2015-12-07 2015-12-11 2016-04-07 IMFD GLYPHOSATE Glyphosate 2.58 µg/g No Violation 2016-04-06 ORIGINAL SALTED CHICKPEAS


30 C2015PEST01907 WEST 2015_SB454 Chickpea Products UNITED STATES Import 2015-12-07 2015-12-11 2016-04-07 IMFD GLYPHOSATE Glyphosate 2.58 µg/g No Violation 2016-04-06 ORIGINAL SALTED CHICKPEAS


31 C2015PEST01908 WEST 2015_SB454 Chickpea Products UNITED STATES Import 2015-12-07 2015-12-11 2016-04-07 IMFD GLYPHOSATE Glyphosate 1.05 µg/g No Violation 2016-04-06 SMOKY CHILI & LIME CHICKPEAS


32 C2015PEST01908 WEST 2015_SB454 Chickpea Products UNITED STATES Import 2015-12-07 2015-12-11 2016-04-07 IMFD GLYPHOSATE Glyphosate 1.05 µg/g No Violation 2016-04-06 SMOKY CHILI & LIME CHICKPEAS


33 C2015PEST01367 QUEBEC 2015_SB454 Chickpea Products UNITED STATES Import 2016-02-08 2016-02-12 2016-04-07 IMFD GLYPHOSATE Glyphosate 1.04 µg/g No Violation 2016-04-07 CRISPY & CRUNCHY CHICKPEAS - 
ORIGINAL SALTED


34 C2015PEST00467 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-08-18 2015-08-20 2015-11-01 IMFD GLYPHOSATE Glyphosate 0.922 µg/g No Violation 2015-10-29 CHICKPEAS


35 C2015PEST01233 QUEBEC 2015_SB454 Chickpea Products UNITED STATES Import 2015-12-05 2015-12-08 2016-01-08 IMFD GLYPHOSATE Glyphosate 0.856 µg/g No Violation 2016-01-08 CHICKPEAS (ORGINAL SALTED)


36 C2015PEST01498 WEST 2015_SB454 Chickpea Products UNITED STATES Import 2015-10-18 2015-10-22 2015-12-08 IMFD GLYPHOSATE Glyphosate 0.416 µg/g No Violation 2015-12-08 ORIGINAL SALTED CHICKPEAS 
GLUTEN FREE


37 C2015PEST00528 ONTARIO 2015_SB454 Chickpea Products CANADA Domestic 2015-08-31 2015-09-03 2015-11-16 IMFD GLYPHOSATE Glyphosate 0.16 µg/g No Violation 2015-11-13 CHICKPEAS FLOUR CHIPS


38 C2015PEST00043 ATLANTIC 2015_5B454 Chickpea Products UNITED STATES Import 2015-08-03 2015-08-07 2015-10-28 IMFD GLYPHOSATE Glyphosate 0.157 µg/g No Violation 2015-10-28 Chickpeas Crispy & Crunchy Smoky 
Chill & Lime Gluten Free


39 C2015PEST00408 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-06-01 2015-06-04 2015-07-15 IMFD GLYPHOSATE Glyphosate 0.12 µg/g No Violation 2015-07-14 CHICKPEAS


40 C2015PEST01080 QUEBEC 2015_SB454 Chickpea UNKNOWN Unknown 2015-09-06 2015-09-09 2015-11-16 IMFD GLYPHOSATE Glyphosate 0.115 pg/g No Violation 2015-11-13 CHICKPEAS- KABULI CHANA- POIS 
CHICHES


41 C2015PEST01499 WEST 2015_SB454 Chickpea Products UNITED STATES Import 2015-10-20 2015-10-22 2015-12-08 IMFD GLYPHOSATE Glyphosate 0.0992 µg/g No Violation 2015-12-08 SWEET CINNAMON CHICKPEAS 
GLUTEN FREE


42 C2015PEST00529 ONTARIO 2015_SB454 Chickpea Products UNITED STATES Import 2015-08-23 2015-08-27 2015-10-28 IMFD GLYPHOSATE Glyphosate 0.0938 µg/g No Violation 2015-10-28 CRISPY & CRUNCHY SWEET 
CINNAMON CHICKPEAS


43 C2015PEST00577 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-09-15 2015-09-17 2015-11-16 IMFD GLYPHOSATE Glyphosate 0.0791 µg/g No Violation 2015-11-12 CHICKPEAS


44 C2015PEST00013 ATLANTIC 2015-5B454 Chickpea Products CANADA Domestic 2015-05-20 2015-05-22 2015-07-15 IMFD GLYPHOSATE Glyphosate 0.0783 µg/g No Violation 2015-07-14 Premium Selection Boondi Chickpea 
Puffs


45 C2015PEST00407 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-06-01 2015-06-04 2015-10-21 IMFD GLYPHOSATE AMPA 0.0622 µg/g No Violation 2015-10-20 ORGANIC CHICKPEAS


46 C2015PEST00031 ATLANTIC 2015_5B454 Chickpea Products UNITED STATES Import 2015-06-20 2015-06-25 2015-08-19 IMFD GLYPHOSATE Glyphosate 0.0453 µg/g No Violation 2015-08-13 Original Salted Chickpeas


47 C2015PEST01652 WEST 2015_SB454 Chickpea Products UNKNOWN Unknown 2015-07-19 2015-07-28 2015-08-19 IMFD GLYPHOSATE Glyphosate 0.0383 µg/g No Violation 2015-08-13 FALAFEL SAVOURY CHICKPEA & 
HERB SNACK


48 C2015PEST01650 WEST 2015_SB454 Chickpea CANADA Domestic 2015-06-17 2015-06-23 2015-10-21 IMFD GLYPHOSATE AMPA 0.0374 µg/g No Violation 2015-10-20 CHICKPEAS CANNED


49 C2015PEST01435 WEST 2015_SB454 Chickpea Products UNKNOWN Unknown 2015-07-05 2015-07-07 2015-08-25 IMFD GLYPHOSATE Glyphosate 0.0346 µg/g No Violation 2015-08-13 MESQUITE BBQ CHICKPEAS GLUTEN 
FREE


50 C2015PEST00167 ONTARIO 2015-5B454 Chickpea Products LEBANON Import 2015-05-21 2015-05-26 2015-07-15 IMFD GLYPHOSATE Glyphosate 0.0302 µg/g No Violation 2015-07-14 Hummus - Chickpea Dip


51 C2015PEST01730 WEST 2015_SB454 Chickpea CANADA Domestic 2015-08-04 2015-08-07 2015-08-20 IMFD GLYPHOSATE Glyphosate 0.0268 µg/g No Violation 2015-08-18 CHICKPEAS DRIED


52 C2015PEST00164 ONTARIO 2015-5B454 Chickpea Products UNKNOWN Unknown 2015-05-13 2015-05-19 2015-06-29 IMFD GLYPHOSATE Glyphosate 0.025 µg/g No Violation 2015-06-28 Crunchy Roasted Chickpeas-Barbeque


53 C2015PESTO0634 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-10-06 2015-10-0815:0 2015-12-04 IMFD GLYPHOSATE Glyphosate 0.0249 µg/g No Violation 2015-12-04 CHICKPEAS NO SALT ADDED


54 C2015PEST00222 ONTARIO 2015-5B454 Chickpea Products UNKNOWN Unknown 2015-09-11 2015-09-16 2015-11-26 IMFD GLYPHOSATE Glyphosate 0.0226 µg/g No Violation 2015-11-18 Roasted Chickpeas - Balsamic & 
Cracked Pepper


55 C2015PEST00468 ONTARIO 2015_SB454 Chickpea CANADA Domestic 2015-08-24 2015-08-27 2015-11-19 IMFD GLYPHOSATE AM PA 0.022 µg/g No Violation 2015-10-29 CHICKPEAS


56 C2015PEST01734 WEST 2015_SB454 Chickpea Products INDIA Import 2015-08-04 2015-08-07 2015-08-20 IMFD GLYPHOSATE Glyphosate 0.0213 µg/g No Violation 2015-08-18 BOONDI CHICKPEA BALLS


57 C2015PEST00351 ONTARIO 201S_S8454 Chickpea Products CANADA Domestk 2015-05-16 2015-05-20 2015-06-29 IMFD GLYPHOSATE Glyphosate 0.02 µg/g No Violation 2015-06-28 CHANNA FRIED CHICKPEAS SNACK


58 C2015PEST01456 WEST 2015_SB454 Chickpea Products UNKNOWN Unknown 2015-08-05 2015-08-10 2015-10-28 IMFD GLYPHOSATE Glyphosate 0.0195 µg/g No Violation 2015-10-28 ROASTED CHICKPEAS BARBEQUE


59 C2015PEST00182 ONTARIO 2015-5B454 Chickpea Products UNKNOWN Unknown 2015-06-09 2015-06-15 2015-07-30 IMFD GLYPHOSATE Glyphosate 0.0177 µg/g No Violation 2015-07-27 Roasted Chickpea Barbecue


60 C2015PEST00762 ONTARIO 2015SB454 Chickpea INDIA Import 2015-12-11 2015-12-16 2016-04-06 IMFD GLYPHOSATE Glyphosate 0.0176 Hg/g No Violation 2016-01-22 GREEN DESI CHICKPEAS


61 C2015PEST00978 QUEBEC 2015_SB454 Chickpea Products LEBANON mport 2015-07-23 2015-07-24 2015-08-25 IMFD GLYPHOSATE Glyphosate 0.0171 µg/g No Violation 2015-08-13 CHICKPEAS DIP


62 C2015PEST00936 QUEBEC 2015_SB454 Chickpea Products CANADA Domestic 2015-06-05 2015-06-09 2015-07-30 IMFD GLYPHOSATE Glyphosate 0.0169 µg/g No Violation 2015-07-27 CHANNA- FRIED CHICKPEAS - 
READYTO EAT SNACK


63 C2015PEST01233 QUEBEC 2015_SB454 Chickpea Products UNITED STATES Import 2015-12-05 2015-12-08 2016-01-08 IMFD GLYPHOSATE AM PA 0.0169 µg/g No Violation 2016-01-08 CHICKPEAS (ORGINAL SALTED)


64 C2015PEST00467 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-08-18 2015-08-20 2015-11-19 IMFD GLYPHOSATE AM PA 0.0162 µg/g No Violation 2015-10-29 CHICKPEAS


65 C2015PEST00147 ATLANTIC 2015-5B454 Chickpea Products UNKNOWN Unknown 2015-09-03 2015-09-16 2015-11-26 IMFD GLYPHOSATE Glyphosate 0.0147 µg/g No Violation 2015-11-18 Roasted Chickpea Barbecue Gluten 
Free


66 C2015PEST01436 WEST 2015_SB454 Chickpea Products UNKNOWN Unknown 2015-07-18 2015-07-21 2015-08-25 IMFD GLYPHOSATE Glyphosate 0.0142 µg/g No Violation 2015-08-13 ROASTED CHICKPEAS BALSAMIC & 
CRACKED PEPPER


67 C2015PEST00578 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-09-15 2015-09-17 2015-12-08 IMFD GLYPHOSATE AMPA 0.01 µg/g No Violation 2015-12-08 CHICKPEAS


68 C2015PEST00699 ONTARIO 2015_SB454 Chickpea CANADA Domestic 2015-11-22 2015-11-26 2015-12-22 IMFD GLYPHOSATE Glyphosate 0.0079 µg/g No Violation 2015-12-18 CHICKPEAS (GARBANZO BEANS)


69 C2015PEST01392 WEST 2015_SB454 Chickpea UNITED STATES Import 2015-05-20 2015-05-22 2015-06-22 IMFD GLYPHOSATE Glyphosate 0.0059 µg/g No Violation 2015-06-16 CHICKPEAS


70 C2015PEST00977 QUEBEC 2015_SB454 Chickpea PORTUGAL mport 2015-08-03 2015-08-05 2015-10-28 IMFD GLYPHOSATE Glyphosate 0.0055 µg/g No Violation 2015-10-28 CHICKPEAS


71 C2015PEST01498 WEST 2015_SB454 Chickpea Products UNITED STATES Import 2015-10-18 2015-10-22 2015-12-08 IMFD GLYPHOSATE AMPA 0.0051 µg/g No Violation 2015-12-08 ORIGINAL SALTED CHICKPEAS 
GLUTEN FREE


72 C2015PEST00181 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-06-09 2015-06-15 2015-07-30 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-07-27 Chickpeas


73 C2015PEST01415 WEST 2015_SB454 Chickpea UNKNOWN Unknown 2015-06-15 2015-06-17 2015-08-19 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-08-13 CHICKPEAS ORGANIC


74 C2015PEST01651 WEST 2015_SB454 Chickpea UNKNOWN Unknown 2015-06-27 2015-06-30 2015-08-20 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-08-18 ORGANIC CHICKPEAS (GARBANZO 
BEANS)


75 C2015PEST01434 WEST 2015_SB454 Chickpea TURKEY Import 2015-07-02 2015-07-06 2015-08-20 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-08-18 ORGANIC CHICKPEAS


76 C2015PEST01690 WEST 2015_SB454 Chickpea UNKNOWN Unknown 2015-07-07 2015-07-09 2015-08-25 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-08-18 CANNED CHICKPEAS


77 C2015PEST01029 QUEBEC 2015_SB454 Chickpea CANADA Domestic 2015-07-28 2015-07-31 2015-09-08 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-09-03 CHICKPEAS


78 C2015PEST00525 ONTARIO 2015_SB454 Chickpea TURKEY Import 2015-08-11 2015-08-14 2015-10-28 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-10-28 ORGANIC CHICKPEAS


79 C2015PEST00526 ONTARIO 2015_SB454 Chickpea CANADA Domestic 2015-08-23 2015-08-27 2015-10-28 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-10-28 ORGANIC CHICKPEAS GLUTEN FREE


80 C2015PEST01497 WEST 2015_SB454 Chickpea CANADA Domestic 2015-10-06 2015-10-08 2015-12-04 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-12-04 KABULI CHANA (KABULI CHICKPEAS)


81 C2015PEST01821 WEST 2015_SB454 Chickpea CANADA Domestic 2015-10-13 2015-10-16 2015-12-08 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-12-08 CHICKPEA CANNED


82 C2015PEST01183 QUEBEC 2015_SB454 Chickpea UNITED STATES Import 2015-10-29 2015-11-04 2015-12-08 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-12-08 ORGANIC CHICKPEAS


83 C2015PEST00105 ATLANTIC 2015_SB454 Chickpea UNITED STATES Import 2015-11-22 2015-11-27 2015-12-22 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-12-18 ORGANIC USA CHICKPEA/GARBANZO 
BEANS


84 C2015PEST00105 ATLANTIC 2015_SB454 Chickpea UNITED STATES Import 2015-11-22 2015-11-27 2015-12-22 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-12-18 ORGANIC USA CHICKPEA/GARBANZO 
BEANS


85 C2015PEST01232 QUEBEC 2015_SB454 Chickpea UNKNOWN Unknown 2015-12-01 2015-12-07 2015-12-22 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-12-18 CHICKPEAS


86 C2015PEST00761 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-12-07 2015-12-10 2016-02-15 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-02-12 PREMIUM QUALITY CHICK PEAS - 
HALAL


87 C2015PEST01230 QUEBEC 2015_SB454 Chickpea UNITED STATES Import 2015-12-08 2015-12-10 2016-02-17 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-02-12 ORGANIC GARBANZO BEANS


88 C2015PEST00268 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2015-12-10 2015-12-23 2016-03-30 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-30 CHICKPEAS


89 C2015PEST01269 QUEBEC 2015_SB454 Chickpea UNKNOWN Unknown 2015-12-10 2015-12-15 2016-03-18 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-17 ORGANIC CHICK PEAS - GLUTEN 
FREE


90 C2015PEST00829 ONTARIO 2015_SB454 Chickpea AUSTRALIA Import 2016-01-09 2016-01-13 2016-04-08 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-04-07 BLACK CHICKPEAS KALA CHANA


91 C2015PEST00830 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2016-01-18 2016-01-20 2016-03-29 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-28 ORGANIC CHICK PEAS


92 C2015PEST01949 WEST 2015_SB454 Chickpea UNKNOWN Unknown 2016-01-22 2016-01-29 2016-04-06 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-04-05 CHICKPEAS


93 C2015PEST01950 WEST 2015_SB454 Chickpea ITALY Import 2016-01-22 2016-01-29 2016-04-06 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-04-05 CHICKPEAS


94 C2015PEST00281 ONTARIO 2015_SB454 Chickpea UNKNOWN Unknown 2016-01-28 2016-02-11 2016-03-28 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-24 PREMIUM CHICK PEAS


95 C2015PEST00884 ONTARIO 2015_SB454 Chickpea TURKEY Import 2016-02-01 2016-02-04 2016-04-05 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-31 ORGANIC CHICK PEAS


96 C2015PEST00145 ATLANTIC 2015_SB454 Chickpea UNKNOWN Unknown 2016-02-03 2016-02-11 2016-03-31 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-30 CHICKPEAS


97 C2015PEST01364 QUEBEC 2015_SB454 Chickpea TURKEY Import 2016-02-06 2016-02-12 2016-04-05 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-31 ORG CHICKPEAS


98 C2015PEST00350 ONTARIO 2015-5B454 Chickpea Products INDIA Import 2015-05-16 2015-05-20 2015-06-29 IMFD GLYPHOSATE Glyphosate screen Negative Pos/Neg Not Assessed 2015-06-28 Masala Chana - Crispy, Spicy, Chickpeas 
Snack


99 C2015PEST01613 WEST 2015_SB454 Chickpea Products CANADA Domestic 2015-06-16 2015-06-23 2015-08-20 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-08-18 CHICKPEA SNACK MEDIUM HOT


100 C2015PEST01733 WEST 2015_SB454 Chickpea Products INDIA Import 2015-08-04 2015-08-07 2015-08-20 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-08-18 MASALA CHANA SPICY CHICKPEAS


101 C2015PEST00527 ONTARIO 2015_SB454 Chickpea Products INDIA Import 2015-08-11 2015-08-14 2015-10-28 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-10-28 ROASTED GRAM SPLIT (CHICKPEA 
FENDRE)


102 C2015PEST00579 ONTARIO 2015_SB454 Chickpea Products UNKNOWN Unknown 2015-09-14 2015-09-18 2015-11-16 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-11-13 ROASTED CHICKPEAS


103 C2015PEST01775 WEST 2015_SB454 Chickpea Products CANADA Domestic 2015-09-18 2015-09-24 2015-11-16 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-11-12 TIKHA GATHIYA SPICY CHICKPEA 
FLOUR STICKS


104 C2015PEST00580 ONTARIO 2015_SB454 Chickpea Products CANADA Domestic 2015-09-30 2015-10-02 2015-11-16 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-11-12 HOT CHICKPEAS


105 C2015PEST01132 QUEBEC 2015_SB454 Chickpea Products INDIA Import 2015-10-01 2015-10-06 2015-11-16 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-11-12 Khatta Meetha - Indian Snacks - Sour & 
Sweet Mix


106 C2015PEST00635 ONTARIO 2015_SB454 Chickpea Products INDIA Import 2015-10-06 2015-10-08 2015-11-26 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-11-18 CHANA CHOR SPICY PRESSED 
CHICKPEA


107 C2015PEST00700 ONTARIO 2015_SB454 Chickpea Products INDIA Import 2015-11-09 2015-11-12 2015-12-11 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2015-12-10 ROASTED SALTED CHICKPEAS


108 C2015PEST00763 ONTARIO 2015_SB454 Chickpea Products INDIA Import 2015-12-07 2015-12-10 2016-02-15 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-02-12 CHANA CHOR - SPICY PRESSED 
CHICKPEA READY TO EAT SNACK


109 C2015PEST00764 ONTARIO 2015_SB454 Chickpea Products INDIA Import 2015-12-07 2015-12-10 2016-02-15 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-02-12 ROASTED CHANA (TUMERIC) 
(ROASTED CHICKPEAS)


110 C2015PEST00269 ONTARIO 2015_SB454 Chickpea Products INDIA Import 2015-12-10 2015-12-23 2016-03-30 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-30 BOONDI-CHICK PEA BALLS


111 C2015PEST00765 ONTARIO 2015_SB454 Chickpea Products INDIA Import 2015-12-11 2015-12-16 2016-01-29 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-01-22 BOONDI CHICK PEAS BALLS


112 C2015PEST00831 ONTARIO 2015_SB454 Chickpea Products INDIA Import 2016-01-09 2016-01-13 2016-04-06 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-04-05 ROASTED SALTED CHICKPEAS


113 C2015PEST01314 QUEBEC 2015_SB454 Chickpea Products LEBANON Import 2016-01-21 2016-01-22 2016-03-28 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-24 HOMMOS WITH SESAME PASTE


114 C2015PEST01365 QUEBEC 2015_SB454 Chickpea Products UNITED STATES Import 2016-02-03 2016-02-09 2016-03-28 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-24 CHICKPEAS - ORIGINAL SALTED - 
CRISPY & CRUNCHY


115 C2015PEST01366 QUEBEC 2015_SB454 Chickpea Products LEBANON Import 2016-02-06 2016-02-12 2016-03-31 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-30 CHICK PEAS DIP - HUMMUS TAHINA


116 C2015PEST00885 ONTARIO 2015_SB454 Chickpea Products INDIA Import 2016-02-19 2016-02-24 2016-03-18 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-17 CHANA WITH SKIN ROASTED 
CHICKPEAS


117 C2015PEST00886 ONTARIO 2015_SB454 Chickpea Products INDIA Import 2016-02-19 2016-02-24 2016-03-31 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-03-30 CHANA HALDI (SALT) - SALTED 
ROASTED CHICKPEAS


388Appeal Book, Tab 6K







Glyphosate in wheat bran - CFIA - Tony Mitra


SR SAMPLE_NO Region_Name Plan_Code Product Type ORIGIN_E DOM_IMP DateSample Dt_Recd Dt_Rept Commodity PROGRAM ANNALYTE AMMOUNT (ppm) Report-Unit Program 
Assessment for 
FDR 4(d)


Dt-Analyzed Sample_Type


1 C2016PEST00349 ONTARIO 2016_SB454 Bran - Wheat CANADA Domestic 2016-06-10 2016-06-15 2016-10-21 IMFD GLYPHOSATE Glyphosate 6.63 µg/g Violation 2016-10-20 WHEAT BRAN


2 C2016PEST00037 ATLANTIC 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-07-02 2016-07-12 2016-09-29 IMFD GLYPHOSATE Glyphosate 4.68 µg/g No Violation 2016-09-21 WHEAT BRAN


3 C2016PEST00347 ONTARIO 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-05-29 2016-05-31 2016-07-30 IMFD GLYPHOSATE Glyphosate 4.61 µg/g No Violation 2016-07-29 WHEAT BRAN


4 C2016PEST00408 ONTARIO 2016_SB454 Bran - Wheat CANADA Domestic 2016-06-11 2016-06-17 2016-08-30 IMFD GLYPHOSATE Glyphosate 4.56 µg/g No Violation 2016-08-15 WHEAT BRAN


5 C2016PEST01442 WEST 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-07-02 2016-07-05 2016-08-30 IMFD GLYPHOSATE Glyphosate 4.09 µg/g No Violation 2016-08-26 WHEAT BRAN


6 C2016PEST00465 ONTARIO 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-07-02 2016-07-06 2016-08-30 IMFD GLYPHOSATE Glyphosate 4.07 µg/g No Violation 2016-08-26 WHEAT BRAN


7 C2016PEST00346 ONTARIO 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-05-29 2016-05-31 2016-07-30 IMFD GLYPHOSATE Glyphosate 4.04 µg/g No Violation 2016-07-29 WHEAT BRAN


8 C2016PEST00520 ONTARIO 2016_SB454 Bran - Wheat CANADA Domestic 2016-08-06 2016-08-10 2016-10-21 IMFD GLYPHOSATE Glyphosate 3.94 µg/g No Violation 2016-10-20 WHEAT BRAN


9 C2016PEST00407 ONTARIO 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-06-11 2016-06-17 2016-10-21 IMFD GLYPHOSATE Glyphosate 3.93 µg/g No Violation 2016-10-20 ALL NATURAL NO ADDITIVES NO 
PRESERVATIVES WHEAT BRAN


10 C2016PEST00905 QUEBEC 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-04-11 2016-04-15 2016-08-30 IMFD GLYPHOSATE Glyphosate 3.71 µg/g No Violation 2016-08-15 WHEAT BRAN


11 C2016PEST00290 ONTARIO 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-04-03 2016-04-06 2016-04-22 IMFD GLYPHOSATE Glyphosate 3.46 µg/g No Violation 2016-04-20 ALL NATURAL WHEAT BRAN


12 C2016PEST01670 WEST 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-06-27 2016-06-29 2016-08-30 IMFD GLYPHOSATE Glyphosate 3.4 µg/g No Violation 2016-08-26 WHEAT BRAN


13 C2016PEST01417 WEST 2016_SB454 Bran - Wheat CANADA Domestic 2016-06-05 2016-06-09 2016-07-30 IMFD GLYPHOSATE Glyphosate 2.55 µg/g No Violation 2016-07-28 WHEAT BRAN


14 C2016PEST01441 WEST 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-07-02 2016-07-05 2016-08-30 IMFD GLYPHOSATE Glyphosate 2.29 µg/g No Violation 2016-08-26 WHEAT BRAN


15 C2016PEST01638 WEST 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-05-11 2016-05-12 2016-07-23 IMFD GLYPHOSATE Glyphosate 2.02 µg/g No Violation 2016-07-05 WHEAT BRAN


16 C2016PEST00345 ONTARIO 2016_SB454 Bran - Wheat CANADA Domestic 2016-04-29 2016-05-04 2016-07-23 IMFD GLYPHOSATE Glyphosate 1.98 µg/g No Violation 2016-07-05 WHEAT BRAN


17 C2016PEST00466 ONTARIO 2016_SB454 Bran - Wheat CANADA Domestic 2016-07-04 2016-07-08 2016-08-30 IMFD GLYPHOSATE Glyphosate 1.47 µg/g No Violation 2016-08-25 WHEAT BRAN


18 C2016PEST01596 WEST 2016_SB454 Bran - Wheat CANADA Domestic 2016-04-09 2016-04-15 2016-07-23 IMFD GLYPHOSATE Glyphosate 1.42 µg/g No Violation 2016-07-05 WHEAT BRAN 100% NATURAL


19 C2016PEST01069 QUEBEC 2016_SB454 Bran - Wheat CANADA Domestic 2016-08-02 2016-08-08 2016-10-17 IMFD GLYPHOSATE Glyphosate 1.04 µg/g No Violation 2016-10-13 WHEAT BRAN - 100% NATURAL WHEAT 
BRAN


20 C2016PEST01636 WEST 2016_SB454 Bran - Wheat CANADA Domestic 2016-05-07 2016-05-13 2016-07-23 IMFD GLYPHOSATE Glyphosate 0.686 µg/g No Violation 2016-07-04 100% NATURAL WHEAT BRAN


21 C2016PEST00145 ONTARIO 2016_SB454 Bran - Wheat UNITED STATES Import 2016-04-06 2016-04-20 2016-05-31 IMFD GLYPHOSATE Glyphosate 0.192 µg/g No Violation 2016-05-29 Wheat Bran Rich in Dietary Fibre 
Unprocessed Miller's


22 C2016PEST00520 ONTARIO 2016_SB454 Bran - Wheat CANADA Domestic 2016-08-06 2016-08-10 2016-10-21 IMFD GLYPHOSATE AMPA 0.188 µg/g No Violation 2016-09-30 WHEAT BRAN


23 C2016PEST00349 ONTARIO 2016_SB454 Bran - Wheat CANADA Domestic 2016-06-10 2016-06-15 2016-10-21 IMFD GLYPHOSATE AMPA 0.159 µg/g Violation 2016-08-17 WHEAT BRAN


24 C2016PEST00348 ONTARIO 2016_SB454 Bran - Wheat UNITED STATES Import 2016-05-25 2016-05-26 2016-08-30 IMFD GLYPHOSATE Glyphosate 0.0843 pg/g No Violation 2016-08-10 UNPROCESSED MILLER'S WHEAT 
BRAN


25 C2016PEST01379 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-04-03 2016-04-06 2016-04-22 IMFD GLYPHOSATE Glyphosate 0.068 µg/g No Violation 2016-04-20 WHEAT BRAN


26 C2016PEST01637 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-05-21 2016-05-26 2016-08-30 IMFD GLYPHOSATE Glyphosate 0.066 µg/g No Violation 2016-08-10 WHEAT BRAN


27 C2016PEST01378 WEST 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-04-11 2016-04-14 2016-05-31 IMFD GLYPHOSATE Glyphosate 0.0631 µg/g No Violation 2016-05-27 WHEAT BRAN


28 C2016PEST00947 QUEBEC 2016_SB454 Bran - Wheat UNKNOWN Import 2016-05-02 2016-05-05 2016-05-31 IMFD GLYPHOSATE Glyphosate 0.0623 µg/g No Violation 2016-05-29 WHEAT BRAN (ORGANIC)


29 C2016PEST01597 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-04-17 2016-04-22 2016-05-31 IMFD GLYPHOSATE Glyphosate 0.0601 µg/g No Violation 2016-05-29 WHEAT BRAN


30 C2016PEST00982 QUEBEC 2016_SB454 Bran - Wheat UNKNOWN Import 2016-06-06 2016-06-10 2016-07-23 IMFD GLYPHOSATE Glyphosate 0.0562 µg/g No Violation 2016-07-11 ORGANIC WHEAT BRAN


31 C2016PEST00407 ONTARIO 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-06-11 2016-06-17 2016-10-21 IMFD GLYPHOSATE AMPA 0.054 µg/g No Violation 2016-08-17 ALL NATURAL NO ADDITIVES NO 
PRESERVATIVES WHEAT BRAN


32 C2016PEST00466 ONTARIO 2016_SB454 Bran - Wheat CANADA Domestic 2016-07-04 2016-07-08 2016-08-30 IMFD GLYPHOSATE AMPA 0.054 µg/g No Violation 2016-08-17 WHEAT BRAN


33 C2016PEST00290 ONTARIO 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-04-03 2016-04-06 2016-04-22 IMFD GLYPHOSATE AMPA 0.052 µg/g No Violation 2016-04-20 ALL NATURAL WHEAT BRAN


34 C2016PEST01596 WEST 2016_SB454 Bran - Wheat CANADA Domestic 2016-04-09 2016-04-15 2016-07-23 IMFD GLYPHOSATE AMPA 0.0514 µg/g No Violation 2016-05-29 WHEAT BRAN 100% NATURAL


35 C2016PEST01460 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-08-01 2016-08-03 2016-09-29 IMFD GLYPHOSATE Glyphosate 0.0467 µg/g No Violation 2016-09-08 WHEAT BRAN


36 C2016PEST01671 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-06-04 2016-06-10 2016-07-30 IMFD GLYPHOSATE Glyphosate 0.0464 µg/g No Violation 2016-07-29 WHEAT BRAN


37 C2016PEST00465 ONTARIO 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-07-02 2016-07-06 2016-08-30 IMFD GLYPHOSATE AMPA 0.0441 µg/g No Violation 2016-08-10 WHEAT BRAN


38 C2016PEST01442 WEST 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-07-02 2016-07-05 2016-08-30 IMFD GLYPHOSATE AMPA 0.0408 µg/g No Violation 2016-08-10 WHEAT BRAN


39 C2016PEST01397 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-05-01 2016-05-03 2016-05-312
:24


IMFD GLYPHOSATE AMPA 0.0407 µg/g No Violation 2016-05-31 WHEAT BRAN


40 C2016PEST01417 WEST 2016_SB454 Bran - Wheat CANADA Domestic 2016-06-05 2016-06-09 2016-07-30 IMFD GLYPHOSATE AMPA 0.0367 µg/g No Violation 2016-07-11 WHEAT BRAN


41 C2016PEST01670 WEST 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-06-27 2016-06-29 2016-08-30 IMFD GLYPHOSATE AMPA 0.0367 µg/g No Violation 2016-08-10 WHEAT BRAN


42 C2016PEST01441 WEST 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-07-02 2016-07-05 2016-08-30 IMFD GLYPHOSATE AMPA 0.0337 µg/g No Violation 2016-08-10 WHEAT BRAN


43 C2016PEST00905 QUEBEC 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-04-11 2016-04-15 2016-08-30 IMFD GLYPHOSATE AMPA 0.0298 µg/g No Violation 2016-07-29 WHEAT BRAN


44 C2016PEST00345 ONTARIO 2016_SB454 Bran - Wheat CANADA Domestic 2016-04-29 2016-05-04 2016-07-23 IMFD GLYPHOSATE AMPA 0.0277 µg/g No Violation 2016-05-22 WHEAT BRAN


45 C2016PEST00408 ONTARIO 2016_SB454 Bran - Wheat CANADA Domestic 2016-06-11 2016-06-17 2016-08-30 IMFD GLYPHOSATE AMPA 0.0251 µg/g No Violation 2016-07-29 WHEAT BRAN


46 C2016PEST00346 ONTARIO 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-05-29 2016-05-31 2016-07-30 IMFD GLYPHOSATE AMPA 0.025 µg/g No Violation 2016-07-29 WHEAT BRAN


47 C2016PEST00347 ONTARIO 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-05-29 2016-05-31 2016-07-30 IMFD GLYPHOSATE AMPA 0.0243 µg/g No Violation 2016-07-29 WHEAT BRAN


48 C2016PEST01636 WEST 2016_SB454 Bran - Wheat CANADA Domestic 2016-05-07 2016-05-13 2016-07-23 IMFD GLYPHOSATE AMPA 0.0149 µg/g No Violation 2016-06-20 100% NATURAL WHEAT BRAN


49 C2016PEST01638 WEST 2016_SB454 Bran - Wheat UNKNOWN Unknown 2016-05-11 2016-05-12 2016-07-23 IMFD GLYPHOSATE AMPA 0.0139 µg/g No Violation 2016-05-29 WHEAT BRAN


50 C2016PEST00348 ONTARIO 2016_SB454 Bran - Wheat UNITED STATES Import 2016-05-25 2016-05-26 2016-08-30 IMFD GLYPHOSATE AMPA 0.0104 µg/g No Violation 2016-08-10 UNPROCESSED MILLER'S WHEAT 
BRAN


51 C2016PEST01460 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-08-01 2016-08-03 2016-09-29 IMFD GLYPHOSATE AMPA 0.0104 µg/g No Violation 2016-09-08 WHEAT BRAN


52 C2016PEST01597 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-04-17 2016-04-22 2016-05-31 IMFD GLYPHOSATE AMPA 0.009 µg/g No Violation 2016-05-29 WHEAT BRAN


53 C2016PEST01379 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-04-03 2016-04-06 2016-04-22 IMFD GLYPHOSATE AMPA 0.008 µg/g No Violation 2016-04-20 WHEAT BRAN


54 C2016PEST01637 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-05-21 2016-05-26 2016-08-30 IMFD GLYPHOSATE AMPA 0.0078 µg/g No Violation 2016-08-10 WHEAT BRAN


55 C2016PEST01671 WEST 2016_SB454 Bran - Wheat UNITED STATES Import 2016-06-04 2016-06-10 2016-07-30 IMFD GLYPHOSATE AMPA 0.007 µg/g No Violation 2016-07-29 WHEAT BRAN


56 C2016PEST00001 ATLANTIC 2016_SB454 Bran - Wheat UNITED STATES Import 2016-04-12 2016-04-14 2016-05-31 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-05-27 WHEAT BRAN


57 C2016PEST00983 QUEBEC 2016_SB454 Bran - Wheat CANADA Domestic 2016-06-13 2016-06-17 2016-07-30 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-07-29 ORGANIC WHEAT BRAN


58 C2016PEST00050 ATLANTIC 2016_SB454 Bran - Wheat UNITED STATES Import 2016-08-03 2016-08-05 2016-09-29 IMFD GLYPHOSATE Glyphosate Screen Negative Pos/Neg Not Assessed 2016-09-26 WHEAT BRAN
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Residues of glyphosate and its metabolite AMPA in canola
seed following preharvest applications


A. J. Cessna1,6, A. L. Darwent2,7, L. Townley-Smith3,8, K. N. Harker4, and K. J. Kirkland5


1Agriculture and Agri-Food Canada Research Centre, Lethbridge, Alberta, Canada T1J 4B1; 
2Agriculture and Agri-Food Canada Research Farm, Beaverlodge, Alberta, Canada T0H 0C0;


3Agriculture and Agri-Food Canada Research Station, Melfort, Saskatchewan, Canada S0E 1A0; 4Agriculture
and Agri-Food Canada Research Centre, Lacombe, Alberta, Canada T4L 1W1


5Agriculture and Agri-Food Canada Experimental Farm, Scott, Saskatchewan, Canada S0K 4A0. Received 12
May 1999, accepted 6 November 1999.


Cessna, A. J., Darwent, A. L., Townley-Smith, L., Harker, K. N. and Kirkland, K. J. 2000. Residues of glyphosate and its
metabolite AMPA in canola seed following preharvest applications. Can. J. Plant Sci. 80: 425–431. Residue data for
glyphosate and its major metabolite aminomethylphosphonic acid (AMPA) in canola seed following preharvest application of
glyphosate were lacking when this 2-yr study was initiated. Residues of glyphosate and AMPA were measured in the seed of
canola (Brassica rapaL.) at maturity following preharvest application at rates of 0.45, 0.9 or 1.7 kg acid equivalent ha–1 at four
sites in western Canada. Herbicide treatments were applied in early August to mid-September at four stages of crop development,
which encompassed seed/pod moisture contents ranging from 74 to 12%. Rate of glyphosate application and the physiological
maturity of the crop at application played important roles in determining the magnitude of glyphosate and AMPA residues in the
seed of preharvest-treated canola. In general, for a given site, mean residues of glyphosate and AMPA in the seed increased with
increasing application rate, and decreased with application at later stages of crop development. In 1989, mean residues of
glyphosate in the seed for all application rates at the latest stage of development at each site were <1 mg kg–1. In 1988, when
seed/pod moisture content generally declined very slowly from stage 1 to stage 3 and then decreased rapidly, corresponding mean
residues were higher and varied from <1 to 19.7 mg kg–1. Seed/pod moisture was not a reliable indicator of stage of canola devel-
opment and, consequently, the magnitude of glyphosate and AMPA residues in the seed.


Key words: Glyphosate residues, AMPA residues, canola, preharvest treatment


Cessna, A. J., Darwent, A. L., Townley-Smith, L., Harker, K. N. et Kirkland, K. J. 2000. Importance des résidus du glyphosate
et de son métabolite AMPA dans les graines de navette canola résultant des traitements de prérécolte. Can. J. Plant Sci. 80:
425–431. Nous avons mesuré pendant 2 ans la présence des résidus du glyphosate et de son principal métabolite, l’acide
aminométhylphosphonique (AMPA), dans les graines de navette canola (Brassica rapaL.) à la suite de traitements herbicides de
prérécolte. Trois doses de traitement au glyphosate, 0,45, 0,9 et 1,7 kg équivalent acide par hectare, étaient comparées à 4 emplace-
ments de l’ouest canadien. Les traitements, échelonnés du début d’août à la mi-septembre, étaient exécutés à 4 stades
phénologiques de la culture durant lesquels la teneur en eau des gousses ou des graines qu’elles renferment descendait de 74 à 12
%. L’importance des résidus de glyphosate et de AMPA dépendait fortement de la dose de l’herbicide et du degré de maturité
physiologique de la culture lors du traitement. Dans l’ensemble, à un emplacement donné, les quantités moyennes de résidus aug-
mentaient avec la dose, mais elles diminuaient plus le stade de maturité lors du traitement était avancé. En 1989, les quantités
moyennes de résidus de glyphosate résultant du traitement, toutes doses confondues, au stade de maturité le plus avancé, à chaque
emplacement, étaient inférieures à 1 mg kg–1. En 1988, année durant laquelle la teneur en eau des gousses et des graines baissait
en général très lentement du stade 1 au stade 3, pour ensuite tomber rapidement, les moyennes correspondantes de résidus étaient
plus élevées, pouvant dans certains cas atteindre jusqu’à 19,7 mg kg-1. La teneur en eau de la gousse ou des graines n’est donc pas
un indicateur fiable du stade de maturité de la culture, et par conséquent, de l’importance des résidus de glyphosate et d’AMPA
dans la graine.


Mots clés: Résidus, glyphosate, AMPA, colza (navette) canola, traitement de prérécolte


Glyphosate [(N-(phosphonylmethyl)glycine] is a nonselec-
tive broad-spectrum herbicide used to control perennial and
annual species of grassy and broad-leaved weeds.
Registered uses in Canada include preplant and postharvest


weed control in cropping systems involving summerfallow
and conservation (minimum or zero) tillage, as well as pre-
harvest use of glyphosate on several cereal, oilseed and
pulse crops. In addition to providing an alternative time of
application for control of perennial weeds, such as quack-
grass [Elytrigia repens (L.) Nevski], Canada thistle
(Cirsium arvenseL.) and perennial sow-thistle (Sonchus


425


Abbreviations: AMPA , aminomethylphosphonic acid;
HPLC, high pressure liquid chromatography; MRL , maxi-
mum residue level


6Present address: National Water Research Institute, 11
Innovation Blvd, Saskatoon, Saskatchewan, Canada S7N 3H5.
7Retired. 
8Agriculture and Agri-Food Canada, Prairie Farm
Rehabilitation Administration, Regina, Saskatchewan,
Canada S4P 4L2.


C
an


. J
. P


la
nt


 S
ci


. D
ow


nl
oa


de
d 


fr
om


 w
w


w
.n


rc
re


se
ar


ch
pr


es
s.


co
m


 b
y 


70
.4


9.
24


1.
14


 o
n 


04
/1


4/
19


Fo
r 


pe
rs


on
al


 u
se


 o
nl


y.
 


399Appeal Book, Tab 6L2







426 CANADIAN JOURNAL OF PLANT SCIENCE


arvensisL.), preharvest application of glyphosate provides a
harvest management tool for reducing the time from crop
maturity to harvest. The reduced time interval between crop
maturity and harvest is accomplished by faster crop and
weed drydown due to the desiccating action of glyphosate
and is especially beneficial in the harvest of indeterminate
crops such as lentils (Lens culinaris Medic.), peas 
(Pisum sativumL. var arvensePoir.), and flax (Linum usi-
tatissimumL.).


Studies have shown that the use of glyphosate as a desic-
cant has potential in western Canada for wheat (Darwent et
al. 1994). Since glyphosate is usually readily absorbed by
living foliage and translocated with assimilates to areas of
high metabolic activity (Caseley and Coupland 1985), there
is potential for the translocation of glyphosate into the
developing seed of treated plants. Cessna et al. (1994)
showed that residues of glyphosate accumulated in wheat
seed did not exceed the maximum residue level (MRL) of
5.0 mg kg–1 established by Health Canada when applica-
tions up to 1.7 kg ha–1 were made when seed moisture con-
tents were less than 40%.


Although there is potential for preharvest treatment of
canola with glyphosate, similar residue data for canola seed
were lacking. Since canola is used to produce an edible oil,
glyphosate and AMPA residues in the seed are of concern.
The objective of this study was to measure, from two grow-
ing seasons, residues of glyphosate and its major metabolite
AMPA in the seed of canola following preharvest treatment
with glyphosate at several rates of application. Since both
environmental factors and the physiological stage of the
crop at the time of preharvest application can influence the
magnitude of residues detected in the seed at maturity
(Caseley and Coupland 1985), glyphosate was applied at
four stages of crop maturity and at four sites in western
Canada.


MATERIALS AND METHODS


Field Operations
Experiments reported here are part of a larger study report-
ed elsewhere (Darwent et al. 2000) and were conducted in
1988 and 1989 at Agriculture and Agri-Food Canada facili-
ties at Melfort and Scott, Saskatchewan and at Lacombe and
Beaverlodge, Alberta. In each experiment, canola, cv. Tobin
(Brassica rapaL.), was seeded using recommended seeding
and fertilizer practices. The canola was grown either on
weed-free land or broad-leaved and grassy weeds present in
the plots were controlled by recommended herbicide uses.


Glyphosate (356 g L–1 water soluble formulation) was
applied at 0.45, 0.9 or 1.7 kg acid equivalent ha–1 in all
experiments at four stages of crop development.
Applications were made with plot sprayers equipped with
either a carbon dioxide or compressed air propellent.
Application pressures were adjusted to 210 (Beaverlodge)
or 275 (other locations) kPa. Anticipated seed/pod moisture
contents at application were >45%, 35 to 45%, 25 to 35%
and <25% for stages 1 through 4, respectively. Hence,
stages of crop development were defined such that stage 1
corresponded to the earliest application of glyphosate at any


site, stage 2 corresponded to the next application, and so on.
However, due to the effect of weather conditions at the dif-
ferent sites on the rate of crop drydown, glyphosate applica-
tion at these seed/pod moisture contents was not achieved
(Table 1). The first application of glyphosate at all sites was
applied when the pods were turning from green to yellow
(stage 1). In general, pod colour had begun to turn brown at
stage 2, was almost completely brown at stage 3, and was
completely brown and the pods sometimes brittle at stage 4.
All glyphosate treatments were applied in a spray volume of
85 L of water ha–1 together with the surfactant, nonylphe-
noxy polyethoxy ethanol (Agral 90), at a rate of 0.4% of
spray volume (vol vol–1). An unsprayed check plot was
included for each stage of crop development to which
glyphosate was applied. At Scott (1989), the check plots
were windrowed immediately after glyphosate had been
applied to adjacent plots while at all other sites the check
plots were allowed to mature while standing. Weekly pre-
cipitation was recorded within 1 km of each of the four sites.


Seed/pod moisture content (Table 1) was determined
using a procedure similar to that developed by Thomas et al.
(1990). At Beaverlodge, 10 pods from one or two plants
were selected from the centre of each plot. The pods were
selected from all positions on the stems for which they were
found. Within 0.5 h of collection, the seeds were extracted
from the pods and weighed. The seeds were then dried for
48 h at 100°C and re-weighed. One sample per replicate was
taken for each date of application. At all other sites, pod
sampling procedures were similar, except the seeds were not
extracted from the pods and the moisture content of ten
whole pods was determined.


A split-plot design (Cochran and Cox 1966) was used in
each experiment. The main plots were stage of crop devel-
opment at time of glyphosate application, while the sub-
plots consisted of the three rates of glyphosate and
corresponding check plots. At all sites, the sub-plots were 2
m wide and 5 to 10 m in length resulting in main plots that
were 8 m by 5 to 10 m in size. 


Sampling
In general, canola seed samples for residue analysis were
collected when the moisture content of the seed had
declined to <20 % (Table 1). At the Beaverlodge and
Lacombe sites, a 3-m2 area from the centre portion of each
plot was harvested into a cotton bag by hand-cutting the
canola plants approximately 15 cm above the soil surface.
After air-drying at ambient temperature, the seed was sepa-
rated from the samples using a stationary head thresher. At
the other two sites, seed was collected by straight-cut har-
vesting a 1- or 1.25-m by 5-m strip through the centre of
each plot using a small-plot combine.


At all sites, seed samples were placed in brown or alu-
minum foil-lined paper bags and placed in cold storage
(–10°C or colder) until shipment to Regina. The seed sam-
ples were shipped to Regina either packed in dry ice or at
sub-zero ambient temperatures, and then maintained at
–15°C until processing. Initial processing consisted of dry-
ing in a forced-air oven at room temperature and then clean-
ing to remove all straw/pod components. Subsamples
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(0.6–0.8 kg) were then milled through a 1-mm screen using
a centrifugal grinding mill equipped with a vibrating feeder
(Brinkmann Model ZM1). The milled samples were placed
in polyethylene freezer bags and maintained at –15°C until
extraction. Analyses were completed within 12 to 15 and 9
to 11 mo of sample collection in 1988 and 1989, 
respectively.


Residue Analysis
Milled seed samples (30 g) were extracted using aqueous
HCl solution (0.1 M), followed by Chelex column and then
anion exchange resin column cleanup of the extracts.
Sample extracts were analyzed using HPLC with quantita-
tion of residues of glyphosate and AMPA by fluorescence
detection following post-column o-phthalaldehyde derivati-
zation. All procedures were similar to those of Cowell et al.
(1986), except that the hypochlorite concentration in the
post-column oxidizing solution was increased by a factor of
three and each extract was passed through a second anion
exchange resin cleanup column (Cessna and Cain 1992).
The HPLC and post-column reaction systems used in the
present study have been described in detail previously
(Cessna and Cain 1992).


Statistical Analysis of Residue Data
Since seed/pod moisture content within each stage of crop
development at the time of glyphosate application varied
from site to site due to the effects of weather conditions on
the rate of drydown, seed/pod moisture was not considered
to be a good indicator of crop stage. Therefore, glyphosate
and AMPA residue data from each site and year, which were
uncorrected for method recovery, were analyzed separately
by analysis of deviance. Because the variances of the two
variables were found to be non-homogeneous, all analyses
were conducted using generalized linear models
(McCullagh and Nelder 1989). Since glyphosate and AMPA
residues are non-negative variables and because preliminary
analyses showed a positive association between the size of
the residuals with the fitted values, a constant coefficient of
variation model was assumed rather than a constant vari-


ance; that is, a gamma error distribution with a reciprocal
link function was used. The significance of the effect of
each factor or interaction on glyphosate and AMPA residues
(with an assumed constant coefficient of variation) was
determined by dividing the mean change of deviance by the
residual mean deviance and comparing the quotient with the
distribution of F. All statistical analyses were performed
using release 2.1 of GENSTAT (Lawes Agricultural 
Trust 1990).


RESULTS AND DISCUSSION
The agronomic component of this study (Darwent et al.
2000) has established that canola seed and foliage drydown
were not enhanced by pre-harvest application of glyphosate.
Overall assessment of seed yield and quality indicated that
canola has adequate tolerance to preharvest applications of
glyphosate except when applications were made when the
pods were green and when seed/pod moisture contents were
high. Although not effective for desiccation, the tolerance of
canola to pre-harvest applications of glyphosate indicates
that this treatment offers excellent opportunities for peren-
nial weed control.


The agronomy data also established that, due to the
dependence of seed/pod moisture content on environmental
conditions, seed/pod moisture content was not a reliable
indicator of stage of canola development and should not be
the only criterion used to indicate the appropriate time for
preharvest glyphosate application. Wide seed/pod moisture
content ranges were observed for each crop development
stage across the 6 site years. Seed/pod moisture contents
varied from 48.8 to 73.8%, 39.2 to 63.0%, 16.8 to 54.8%
and 12.0 to 51.3% for stages 1 to 4, respectively (Table 1).


Background Interferences/Glyphosate and AMPA
Recoveries
The analytical method of Cowell et al. (1986), with modifi-
cations described in Cessna and Cain (1992), proved to be
suitable for the analysis of both glyphosate and AMPA in
canola seed. Recoveries of glyphosate from milled seed tis-
sue fortified at 1.0, 0.2 and 0.1 mg kg–1 were 84 ± 16% (n=


Table 1.  Site, crop stage, application date and seed moisture content at the time of glyphosate application


Site Crop stage Application date Seed moisture (%) Site Application date Seed moisture (%)


Beaverlodge88 1z 13 Aug 62.5 Beaverlodge89 11 Aug 48.8
2 19 Aug 53.8 18 Aug 39.2
3 26 Aug 54.8 30 Aug 16.8
4 02 Sep 16.8 –y –


Lacombe88 1 31 Aug 73.8 Lacombe89 09 Aug 65.8
2 08 Sep 63 18 Aug 41
3 13 Sep 54.8 25 Aug 17.8
4 18 Sep 51.3 01 Sep 14.7


Melfort88 1 05 Aug 68 Scott89x 01 Aug 56.8
2 18 Aug 63 08 Aug 56.5
3 27 Aug 27 15 Aug 45.5
4 02 Sep 16.5 22 Aug 12


zCrop stage 1 corresponds to the earliest application of glyphosate at any site, crop stage 2 corresponds to the next application, and so on.
yStage 4 treatments were not applied because, at stage 3, seed moisture content had already decreased to 16.8%.
xCheck plots at Scott89 were windrowed whereas at the other three sites the canola remained standing until maturity.


C
an


. J
. P


la
nt


 S
ci


. D
ow


nl
oa


de
d 


fr
om


 w
w


w
.n


rc
re


se
ar


ch
pr


es
s.


co
m


 b
y 


70
.4


9.
24


1.
14


 o
n 


04
/1


4/
19


Fo
r 


pe
rs


on
al


 u
se


 o
nl


y.
 


401Appeal Book, Tab 6L2







428 CANADIAN JOURNAL OF PLANT SCIENCE


16), 66 ± 12% (n= 8) and 70 ± 15% (n = 16), respectively.
Corresponding recovery values for AMPA were 69 ± 10%,
65 ± 10% and 56 ± 13%. The limit of quantification of the
analytical method for glyphosate and AMPA was consid-
ered to be 0.05 mg kg–1; that is, half of the lowest fortifica-
tion level. 


It was evident from analysis of the check samples that
some check plots at all sites had received indirect
glyphosate application, most likely as drift during applica-
tion even though the check plots at all sites had been cov-


ered with polyethylene sheets during glyphosate application
to minimize contamination by drift. Covering the check
plots appeared to be most effective during the second year
of the study at the Beaverlodge and Lacombe sites (Tables 2
and 3). Only half of the check samples (n= 48) from all 6
site years showed background interferences which were typ-
ical of matrix interferences (non-detectable to 0.05 mg kg–1)
detected from analysis of untreated canola seed during
method development. Mean plant co-extractive background
interferences, based on these samples, were 0.01 ± 0.02 mg


Table 2.  Glyphosate residues in canola seed following pre-harvest treatment of canola using three application rates at each of four growth stages at
three sites in western Canada in 1988


Application rate Glyphosate residues Mean


(kg ha–1) Growth stage 1 Growth stage 2 Growth stage 3 Growth stage 4


Beaverlodge88 (mg kg–1) 
0 0.15 ± 0.07z 0.49 ± 0.23 0.18 ± 0.09 0.49 ± 0.33 0.31 ± 0.09
0.45 18.63 ± 10.08 22.85 ± 10.71 16.73 ± 9.04 4.60 ± 2.16 15.76 ± 4.41
0.9 22.18 ± 10.39 27.33 ± 12.80 22.52 ± 12.17 14.80 ± 6.94 21.87 ± 5.47
1.7 31.66 ± 14.83 35.77 ± 16.76 30.50 ± 14.29 19.70 ± 9.23 29.66 ± 7.17
Mean 18.69 ± 5.47 22.19 ± 6.15 17.80 ± 5.45 11.57 ± 3.50


Lacombe88
0 0.18 ± 0.06 0.19 ± 0.06 0.13 ± 0.04 0.07 ± 0.02 0.14 ± 0.03
0.45 5.04 ± 1.62 2.20 ± 0.71 1.19 ± 0.39 0.21 ± 0.07 2.16 ± 0.45
0.9 8.50 ± 2.73 2.52 ± 0.81 2.82 ± 0.91 0.46 ± 0.15 3.58 ± 0.75
1.7 17.19 ± 5.53 6.22 ± 2.00 3.91 ± 1.26 1.22 ± 0.39 7.13 ± 1.51
Mean 7.73 ± 1.60 2.78 ± 0.57 2.02 ± 0.40 0.49 ± 0.11


Melfort88
0 0.16 ± 0.04 0.06 ± 0.02 0.00 ± 0.00 0.06 ± 0.01 0.07 ± 0.01
0.45 5.46 ± 1.32 3.40 ± 0.83 0.90 ± 0.22 0.45 ± 0.11 2.55 ± 0.40
0.9 8.88 ± 2.15 7.55 ± 1.83 3.33 ± 0.81 1.48 ± 0.36 5.31 ± 0.74
1.7 30.67 ± 8.57 20.42 ± 5.71 4.68 ± 1.31 3.42 ± 0.96 14.80 ± 2.61
Mean 9.14 ± 1.59 6.46 ± 1.10 1.96 ± 0.32 1.12 ± 0.19
zValues are predicted mean ± standard error.


Table 3.  Glyphosate residues in canola seed following pre-harvest treatment of canola using three application rates at each of four growth stages at
three sites in western Canada in 1989


Application rate Glyphosate residues Mean


(kg ha–1) Growth stage 1 Growth stage 2 Growth stage 3 Growth stage 4


Beaverlodge89 (mg kg–1) 
0 0.80 ± 0.32z 0.04 ± 0.01 0.01 ± 0.00 –y 0.28 ± 0.11
0.45 24.39 ± 9.87 1.30 ± 0.52 0.28 ± 0.11 – 8.66 ± 3.29
0.9 40.03 ± 16.21 1.54 ± 0.62 0.24 ± 0.10 – 13.94 ± 5.41
1.7 70.08 ± 28.38 4.70 ± 1.90 0.39 ± 0.15 – 25.06 ± 9.48
Mean 33.82 ± 8.56 1.90 ± 0.52 0.23 ± 0.05 –


Lacombe89
0 0.04 ± 0.02 0.03 ± 0.01 0.03 ± 0.01 0.00 ± 0.00 0.03 ± 0.01
0.45 11.51 ± 3.87 3.90 ± 1.31 0.64 ± 0.22 0.61 ± 0.21 4.17 ± 1.02
0.9 17.73 ± 5.95 5.22 ± 1.76 1.09 ± 0.37 0.91 ± 0.31 6.24 ± 1.56
1.7 34.48 ± 11.58 9.80 ± 3.29 2.10 ± 0.71 0.68 ± 0.23 11.76 ± 3.02
Mean 15.94 ± 3.40 4.74 ± 0.99 0.96 ± 0.21 0.55 ± 0.11


Scott89
0 0.12 ± 0.04 0.09 ± 0.03 0.00 ± 0.00 0.05 ± 0.01 0.07 ± 0.01
0.45 11.51 ± 3.51 1.81 ± 0.55 0.20 ± 0.06 0.18 ± 0.06 3.48 ± 0.90
0.9 32.03 ± 9.79 5.86 ± 1.79 0.55 ± 0.20 0.26 ± 0.08 10.37 ± 2.68
1.7 84.88 ± 5.94 13.43 ± 4.10 1.20 ± 0.36 0.22 ± 0.06 25.31 ± 6.67
Mean 32.13 ± 7.04 5.29 ± 1.13 0.48 ± 0.10 0.18 ± 0.03
zValues are predicted mean ± standard error.
yStage 4 treatments were not applied because, at stage 3, seed moisture content had already decreased to 16.8%.C
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kg–1 at the retention time for glyphosate and 0.005 ± 0.015
mg kg–1 at the retention time for AMPA. 


Glyphosate Residues in Canola Seed
Glyphosate was applied to the canola plots at all sites as a
preharvest treatment in order to facilitate harvesting through
acceleration of crop drydown. Applied at four stages of crop
development at which seed moisture contents at application
varied from 74 to 12% (Table 1), glyphosate residues were
detected in canola seed from treated plots at all sites, regard-
less of rate of application (Tables 2 and 3). Glyphosate is
readily translocated in plants and tends to concentrate in
regions of high meristematic and metabolic activity
(Sprankle et al. 1975; Wyrill and Burnside 1976; Haderlie et
al. 1978; Bingham et al. 1980; Gougler and Geiger 1981),
thus, translocation most likely accounts for glyphosate
residues detected in the canola seed. Since no significant
pod shattering was observed from any of the treatments
(Darwent et al. 2000), any contribution by deposition of
glyphosate directly on the canola seed would have been
minimal.


Glyphosate application rate, stage of crop development
and stage × rate were the primary factors influencing the
level of glyphosate concentrations in the canola seed at each
site (Table 4). Glyphosate residues in canola seed increased
with increasing application rates at all sites (Tables 2 and 3).
Generally, glyphosate residues resulting from the 1.7 kg
ha–1 application rate were significantly greater than those
resulting from the 0.9 or 0.45 kg ha–1 rates or both. At each
of the study sites, except Beaverlodge88, crop development
stage at glyphosate application also affected the magnitude
of glyphosate residues in the seed. Except for
Beaverlodge88, mean residues of glyphosate in the seed
were lowest when the canola was sprayed at the latest stage
of crop development (stage 4) and highest when sprayed at
earlier stages (stages 1 and 2). The 1988 growing season
was unusual in that seed moisture content declined slowly
until after the stage 3 glyphosate application, and then
decreased rapidly [Table 1; also see Fig. 1 in Darwent et al.
(2000)]. In contrast, in 1989, seed moisture declined at


approximately the same rate from stage 1 to stage 4
glyphosate applications. As a consequence, the effect of
crop development stage on the magnitude of glyphosate
residues in canola seed were lower in 1988 than in 1989, and
were non-significant at Beaverlodge88. There were also sig-
nificant stage × rate interactions at Melfort88, Lacombe89
and Scott89. At these sites, glyphosate application rate had
a greater effect at earlier crop development stages.


The lower glyphosate residues in the canola seed associ-
ated with glyphosate application at lower seed moisture con-
tents probably reflect decreased translocation of the
herbicide with decreasing moisture content of the crop. In
some situations, reduction in glyphosate residues in the seed
may have been due, in part, to rainfall washoff (Devine et al.
1984; Sundaram 1991) of foliar residues of the highly water
soluble herbicide. This would have reduced residues in the
seed by limiting the amount of glyphosate available for
uptake and subsequent translocation to the seed. For exam-
ple, although seed moisture contents at Scott89 were essen-
tially the same (~56%) when glyphosate was applied at
stages 1 and 2 (Table 1), glyphosate residues in the canola
seed from the stage 2 treatment were significantly lower
(Table 3). Rainfall washoff, resulting from a 8.5-mm rain-
fall, which occurred shortly after spraying on the day of
application (Darwent et al. 1994), most likely contributed to
these lower residues. Similarly, the significantly lower
residues in seed from the stage 4 glyphosate application at
Lacombe88 may have resulted, in part, from 6.5- and 8.5-
mm rainfalls, which occurred on consecutive days after
treatment. Harvest of stage 4 treated seed was generally
within 10 d of glyphosate application.


In 1989, when the canola showed a gradual, uniform dry-
down pattern, there were significant decreases in mean
glyphosate residues in the seed between the first and second
growth stages and between the second and third growth
stages at all sites (Table 3). In addition, mean glyphosate
residues resulting in the seed following the 0.45 kg ha–1 pre-
harvest application rate at the latest growth stage (stage 4;
0.18 to 0.61 mg kg–1) were not significantly different from
those (0.22 to 0.68 mg kg–1) detected for the 1.7 kg ha–1


Table 4.  Mean deviance ( ×× 104) from analysis of deviance for glyphosate residues occurring in canola seed following preharvest applications of
glyphosate


Term df Change in deviance


Beaverlodge88 Lacombe88 Melfort88 Beaverlodge89 Lacombe89 Scott89


Glyphosate
Replicate 3 2504 5989 16530** 1619 1296 49
Stage 3 10330 172445** 132203** 750242** 332725** 655039**
Rate 3 295790** 231639** 397296** 220686** 387265** 287176**
Stage × rate 9 8602 7529 17362** 5137 13425** 32419**
Residual 40-45 8760 4132 2344 6534 4503 3735


AMPA
Replicate 3 6158 7091* 13003** 5192 18432 583
Stage 3 25199** 156805** 197301** 765897** 430239** 510598**
Rate 3 177487** 64520** 142575** 64577** 95542** 91380**
Stage × rate 9 8994* 36450** 20997** 36205** 39605** 32431**
Residual 40-45 3835 2351 2335 3957 5213 1581


*, ** Significant at P = 0.05 and P = 0.01, respectively.
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rate. In contrast, with the unusual drydown pattern in 1988,
the pattern of significant decreases in glyphosate residues in
the seed between growth stages was not observed. For
example, at the Beaverlodge88 site, there were no signifi-
cant differences in glyphosate residues in the seed between
the first and second growth stages or the first and third
growth stages at any rate of glyphosate application (Table
2). There were also no significant differences between the
first and fourth growth stages at the higher rates of applica-
tion. Similarly, there were no significant differences in


glyphosate residues between the first and second growth
stages at Melfort88 or between the second and third growth
stages at Lacombe88. Consequently, mean glyphosate
residues resulting in the seed in 1988 following application
at the latest growth stage were higher for both the 0.45 kg
ha–1 (0.21 to 4.60 mg kg–1) and the 1.7 kg ha–1 (1.22 to
19.70 mg kg–1) application rates. These higher residues in
the 1988 seed are most likely explained by increased
translocation of glyphosate to the seed because of the unusu-
ally slow drydown in that year.


Table 5.  AMPA residues in canola seed following pre-harvest treatment of canola using three application rates of glyphosate at each of four growth
stages at three sites in western Canada in 1988


Application rate AMPA residues Mean


(kg ha–1) Growth stage 1 Growth stage 2 Growth stage 3 Growth stage 4


Beaverlodge88 (mg kg–1) 
0 0.01 ± 0.00z 0.05 ± 0.02 0.02 ± 0.01 0.06 ± 0.03 0.03 ± 0.01
0.45 0.31 ± 0.11 0.43 ± 0.14 0.27 ± 0.10 0.11 ± 0.03 0.29 ± 0.05
0.9 0.41 ± 0.13 0.76 ± 0.24 0.62 ± 0.22 0.27 ± 0.08 0.51 ± 0.09
1.7 0.93 ± 0.29 1.26 ± 0.39 0.90 ± 0.28 0.35 ± 0.11 0.88 ± 0.15
Mean 0.44 ± 0.09 0.65 ± 0.13 0.47 ± 0.10 0.22 ± 0.04


Lacombe88
0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0/02 ± 0.01 0.01 ± 0.00
0.45 0.09 ± 0.02 0.03 ± 0.01 0.02 ± 0.01 0.00 ± 0.00 0.04 ± 0.01
0.9 0.22 ± 0.05 0.06 ± 0.02 0.04 ± 0.01 0.01 ± 0.00 0.08 ± 0.01
1.7 0.33 ± 0.08 0.04 ± 0.01 0.06 ± 0.02 0.02 ± 0.01 0.11 ± 0.02
Mean 0.16 ± 0.00 0.03 ± 0.01 0.03 ± 0.01 0.01 ± 0.00


Melfort88
0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
0.45 0.06 ± 0.02 0.04 ± 0.01 0.00 ± 0.00 0.00 ± 0.00 0.02 ± 0.00
0.9 0.13 ± 0.03 0.11 ± 0.03 0.04 ± 0.01 0.00 ± 0.00 0.07 ± 0.01
1.7 0.29 ± 0.08 0.20 ± 0.06 0.04 ± 0.01 0.01 ± 0.00 0.13 ± 0.02
Mean 0.10 ± 0.02 0.07 ± 0.01 0.02 ± 0.00 0.00 ± 0.00
zValues are predicted mean ± standard error.


Table 6.  AMPA residues in canola seed following pre-harvest treatment of canola using three application rates of glyphosate at each of four growth
stages at three sites in western Canada in 1989


Application rate AMPA residues Mean


(kg ha–1) Growth stage 1 Growth stage 2 Growth stage 3 Growth stage 4


Beaverlodge89 (mg kg–1) 
0 0.01 ± 0.00z 0.00 ± 0.00 0.00 ± 0.00 –y 0.00 ± 0.00
0.45 0.36 ± 0.11 0.00 ± 0.00 0.00 ± 0.00 – 0.12 ± 0.03
0.9 0.86 ± 0.27 0.02 ± 0.00 0.00 ± 0.00 – 0.29 ± 0.09
1.7 0.83 ± 0.26 0.05 ± 0.01 0.00 ± 0.00 – 0.29 ± 0.08
Mean 0.51 ± 0.10 0.02 ± 0.00 0.00 ± 0.00


Lacombe89
0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
0.45 0.31 ± 0.11 0.11 ± 0.04 0.01 ± 0.01 0.01 ± 0.01 0.11 ± 0.03
0.9 0.47 ± 0.17 0.07 ± 0.04 0.01 ± 0.00 0.00 ± 0.00 0.15 ± 0.04
1.7 0.86 ± 0.31 0.17 ± 0.06 0.04 ± 0.02 0.00 ± 0.00 0.27 ± 0.08
Mean 0.41 ± 0.09 0.10 ± 0.02 0.01 ± 0.00 0.00 ± 0.00


Scott89
0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
0.45 0.10 ± 0.02 0.01 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.00
0.9 0.31 ± 0.06 0.06 ± 0.01 0.00 ± 0.00 0.00 ± 0.00 0.10 ± 0.02
1.7 0.76 ± 0.15 0.13 ± 0.03 0.02 ± 0.00 0.00 ± 0.00 0.23 ± 0.04
Mean 0.30 ± 0.04 0.05 ± 0.01 0.01 ± 0.00 0.00 ± 0.00
zValues are predicted mean ± standard error.
yStage 4 treatments were not applied because, at stage 3, seed moisture content had already decreased to 16.8%.C
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AMPA Residues in Canola Seed
Although glyphosate is generally considered not to be
extensively metabolized by plants (Malik et al. 1989), sig-
nificant metabolism (in the order of 5%) to its major
metabolite AMPA has been reported in wheat (Cessna et al.
1994). In the present study, metabolism of glyphosate to
AMPA was also observed in that AMPA residues were
observed in mature canola seed (Tables 5 and 6). When only
AMPA residues that were greater than 0.05 mg kg–1 were
considered, the amount of AMPA present, as a percent of
the corresponding glyphosate concentration in the seed, was
1.9 ± 0.7%. 


As with the parent herbicide, the primary factors influ-
encing AMPA residues in mature canola seed were also
glyphosate application rate, stage of crop development and
stage × rate (Table 4). Thus, AMPA residues in mature
canola seed generally increased with increasing rate of
glyphosate application, were lowest when the canola was
sprayed at stage 4 and highest when sprayed at earlier stages
of crop development (stages 1 and 2), and were influenced
more by glyphosate application rate at earlier crop stages
(Tables 5 and 6). Therefore, AMPA residues in the canola
seed generally followed the same pattern as that for
glyphosate. With the exception of Beaverlodge88, mean
AMPA residues in the seed did not exceed 0.5 mg kg–1 for
any rate of glyphosate applied at the later stages of crop
development (stages 2, 3 and 4).


CONCLUSIONS
The rate of glyphosate application, the physiological matu-
rity of the crop at application, and possible rainfall washoff
appeared to play important roles in determining the magni-
tude of glyphosate and AMPA residues in the seed of pre-
harvest-treated canola. In growing seasons when
environmental conditions slow the physiological maturation
of the crop, glyphosate and AMPA residues in the mature
seed will tend to be higher. 


Maximum residue levels have been established by Health
Canada for glyphosate in the seed of several crops including
wheat (5 mg kg–1), barley (10 mg kg–1), soybean (6 mg
kg–1), pea (5 mg kg–1), lentil (4 mg kg–1) and flax (1 mg
kg–1). However, although MRLs have been established for
the oil extracted from canola seed (0.1 mg kg–1) and for the
resulting canola meal (0.1 mg kg–1), no MRL has been
established for canola seed. The lack of a MRL for canola
seed and the unreliability of seed/pod moisture content as an
indicator of stage of canola development prevent, to a large
extent, using the results of this study to propose a stage of
canola development at which pre-harvest applications of
glyphosate would be considered acceptable with respect to
the magnitude of glyphosate and AMPA residues in the
seed. With the limitations of seed/pod moisture content as
an indicator of crop development stage, more reliable
assessments of the appropriate stage for application may be
obtained using the visual indications of pod and seed color 
together with seed moisture content, as is currently 
recommended.
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SHORT COMMUNICATION


Residues of glyphosate and its metabolite AMPA 
in field pea, barley and flax seed following 


preharvest applications


A. J. Cessna1,6, A. L. Darwent2,7, L. Townley-Smith3,8, K. N. Harker4, and K. J. Kirkland5,7


1Agriculture and Agri-Food Canada Research Centre, Lethbridge, Alberta, Canada T1J 4B1; 2Agriculture and
Agri-Food Canada Research Farm, Beaverlodge, Alberta, Canada T0H 0C0; 3Agriculture and Agri-Food Canada


Research Station, Melfort, Saskatchewan, Canada S0E 1A0; 4Agriculture and Agri-Food Canada Research
Centre, Lacombe, Alberta Canada, T4L 1W1; 5Agriculture and Agri-Food Canada Experimental Farm, Scott,
Saskatchewan Canada, S0K 4A0; 6Present address: National Water Research Institute, 11 Innovation Blvd,


Saskatoon, Saskatchewan, Canada S7N 3H5. Received 18 May 2001, accepted 6 December 2001.


Cessna, A. J., Darwent, A. L., Townley-Smith, L., Harker, K. N. and Kirkland, K. J. 2002. Residues of glyphosate and its
metabolite AMPA in field pea, barley and flax seed following preharvest applications. Can. J. Plant Sci. 82: 485–489.
Maximum residue levels have been established by Health Canada for seed of several crops treated with preharvest applications of
glyphosate, a common practice on the Canadian prairies. Residues of glyphosate and its major metabolite aminomethylphospho-
nic acid (AMPA) were determined at crop maturity in flax seed at one site in western Canada and in the seed and straw of field
pea and barley at another site following preharvest applications of the herbicide. Glyphosate was applied at rates of 0.45, 0.9 and
1.7 kg ha–1 to each crop in early August to mid-September at four stages of crop development. In all crops, mean residues of
glyphosate and AMPA increased with increasing application rate of glyphosate and decreased when the herbicide was applied at
later stages of crop development.


Key words: Glyphosate residues, AMPA residues, barley, field pea, flax, preharvest treatment


Cessna, A. J., Darwent, A. L., Townley-Smith, L., Harker, K. N. et Kirkland, K. J. 2002. Résidus de glyphosate et d’AAMP, son
métabolite, chez le pois de grande culture, l’orge et le lin consécutivement à l’application de l’herbicide avant la récolte.
Can. J. Plant Sci. 82: 485–489. Santé Canada a fixé un seuil de tolérance pour les résidus de glyphosate dans plusieurs cultures
auxquelles on applique le désherbant avant la récolte, comme il est courant de le faire dans les Prairies canadiennes. Les auteurs
ont dosé les résidus de glyphosate et d’acide aminométhylphosphonique (AAMP), son principal métabolite, à maturité chez le lin,
à un site dans l’ouest du Canada, ainsi que dans les graines et la paille du pois de grande culture et de l’orge, à un second endroit,
consécutivement à l’application de l’herbicide avant la récolte. On a épandu 0,45, 0,9 et 1,7 kg de glyphosate par hectare aux cul-
tures du début d’août à la mi-septembre, à quatre stades phénologiques. Partout, la concentration moyenne de résidus de glyphosate
et d’AAMP augmente avec le taux d’application du désherbant et diminue plus celui-ci est appliqué tardivement dans le cycle
biologique de la plante.


Mots clés: Résidus de glyphosate, résidus d’AAMP, orge, pois de grande culture, lin, traitement précédant la récolte


Glyphosate [N-(phosphonomethyl)glycine] is a non-selec-
tive broad-spectrum herbicide used to control perennial and
annual species of broad-leaved and grassy weeds.
Registered uses of glyphosate in Canada include preplant
and postharvest weed control in cropping systems involving
summerfallow and conservation (minimum or zero) tillage,
as well as preharvest use on cereal, oilseed and pulse crops
(Ali 2001). Preharvest application provides a harvest man-
agement option for reducing time from crop maturity to har-
vest through faster crop and weed drydown. This is
beneficial in the harvest of indeterminate crops such as lentil


(Lens culinaris Medic.), pea (Pisum sativum L.) and flax
(Linum usitatissimum L.). In addition, preharvest applica-
tion of glyphosate provides an alternative for control of
perennial weeds such as quackgrass [Elytrigia repens (L.)
Desv. Ex B.D. Jacks], Canada thistle (Cirsium arvense L.)
and perennial sow-thistle (Sonchus arvensis L.) (Darwent
et al. 1994a; Ali 2001).


Since glyphosate is readily absorbed by living foliage and
translocated with assimilates to areas of high metabolic
activity (Caseley and Coupland 1985), there is potential for
the translocation of glyphosate into the developing seed of


485


7Retired.
8Present address: Agriculture and Agri-Food Canada,
Prairie Farm Rehabilitation Administration, Regina,
Saskatchewan, Canada S4P 4L2


Abbreviations: AMPA, aminomethylphosphonic acid;
HPLC, high pressure liquid chromatography; MRL, maxi-
mum residue level.
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treated crops. Consequently, Health Canada has established
Maximum Residue Levels (MRLs) for total residues of
glyphosate plus those of its major metabolite
aminomethylphosphonic acid (AMPA) in the seed of sever-
al crops. In a study at four sites in western Canada, Cessna
et al. (1994) showed that residues of glyphosate and AMPA
following preharvest application to spring wheat (Triticum
aestivum L.) at the appropriate crop development stage and
application rate did not exceed the MRL of 5.0 mg kg–1. In
both this study and a more recent report on canola (Brassica
rapa L.) (Cessna et al. 2000), the physiological maturity of
the crop at application, the rate of glyphosate application,
and environmental factors all played important roles in
determining the magnitude of glyphosate and AMPA residues
in the harvested seed. The objective of this study was to deter-
mine whether glyphosate and AMPA residues in the seed of
field pea, barley and flax exceeded MRLs established by
Health Canada when the herbicide was applied at 0.45, 0.9
and 1.7 kg ha–1 and at various stages of crop development.


The field experiments reported here were part of a larger
study reported elsewhere (Cessna et al. 1994, 2000;
Darwent et al. 1994b, 2000), conducted in 1989 at the
Agriculture and Agri-Food Canada Research Stations at
Beaverlodge, Alberta and Melfort, Saskatchewan. At
Beaverlodge, field pea (cv. Trapper) and barley 
(cv. Heartland) and, at Melfort, flax (cv. Norlin) were seed-
ed using recommended seeding and fertilizer practices. The
barley was seeded on 9 May, field pea on 29 May and flax
on 1–2 June 1989. The crops were grown either on weed-free
land or recommended herbicides were applied in June to
control broad-leaved or grassy weeds present in the stands. 


Using tractor-mounted sprayers, glyphosate was applied
at 0.45, 0.9 or 1.7 kg acid equivalent ha–1 in all experiments
at four stages of crop development, as described previously
(Cessna et al. 2000). Stage of crop development was defined
by seed moisture content together with seed condition at
application (Table 1). A check plot was included for each
stage of crop development. All check plots were covered


with polyethylene sheets during spraying to minimize cont-
amination with glyphosate due to application drift. The
check plots were allowed to mature while standing. Seed
moisture content was determined using a procedure similar
to that developed by Thomas et al. (1990). Weekly precipi-
tation was recorded within 1 km of each site.


A split-plot design (Cochran and Cox 1966) was used in
each experiment. The main plots were stage of crop devel-
opment at time of glyphosate application, and the sub-plots
consisted of the three rates of glyphosate and corresponding
check plots. The sub-plots were 2.5-m wide and 5- to 10-m
in length. 


At Beaverlodge, 3-m2 areas from the middle portion of
the plots were harvested into cotton bags by hand-cutting.
On 6 September, when seed moisture contents from the var-
ious treatments were < 20%, barley plants were cut approx-
imately 15 cm above the soil surface, bagged and air-dried
for 4 wk by hanging the bags outdoors. Due to mouse dam-
age, field pea plants were harvested on 15 September, even
though seed moisture contents ranged from 25 to 60%.
Plants were cut at the soil surface, bagged and air-dried.
After drying, all samples were separated into seed and
straw/chaff fractions using a stationary head thresher. 


On 28 September at Melfort, when seed moisture contents
were < 8%, 1-m × 5-m strips were straight-cut through the
center of each flax plot using a small plot combine.
Subsamples of seed (2 to 3 kg) from each plot were placed
in brown or aluminum foil-lined paper bags, whereas sub-
samples of straw (1 to 2 kg) were placed in cotton bags. All
samples were maintained at –10°C until milling (Cessna 
et al. 1994).


Following aqueous extraction of the milled seed (30 g)
and straw (15 g), sample extracts were analyzed using
HPLC with quantitation of residues of glyphosate and
AMPA by fluorescence detection following post-column 
o-phthalaldehyde derivatization (Cessna et al. 1994).
Background co-extractive interferences at the retention
times for glyphosate and AMPA were not significant in any


Table 1. Date of application, rainfall in the 2 days following glyphosate application, and seed condition and moisture content at time of glyphosate
application to field pea and barley at Beaverlodge and flax at Melfort in 1989


Rainfall
Crop Date of in the 2 d after Seed moisture at


development stage application application (mm) application (%) Condition of seed at application


Field pea 1 18 August 0.6 76 Bottom peas well formed but green and easily indented;
middle peas soft; top peas small and watery


2 31 August 12.4 61 Bottom peas firm and yellow; middle peas well formed
and easily indented; top peas formed, very soft


3 8 September 1.2 67 Bottom peas hard and yellow; middle peas firm, some 
yellow; top peas firm and easily indented


4 11 September 0 59 Bottom peas hard and yellow; middle peas firm and yellow; 
top peas firm and easily indented


Barley 1 10 August trz 38 Seed mainly in the soft dough stage
2 17 August 9.2 39 Seed mainly in the hard dough stage
3 21 August 30.6 45 Seed in hard dough stage
4 30 August 12.4 23 Seed mature


Flaxy 1 28 August 1.0 25 Seed green to yellow or light brown
2 13 September 0 12 Seed light to dark brown
3 22 September 0 8 Seed dark brown and mature


zTr = trace.
yGlyphosate was not applied at crop development stage 4 in flax because the crop was already naturally desiccated.
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of the matrices. Method efficiency was determined by
analysis of untreated milled seed and straw tissue fortified
with both  glyphosate and AMPA at 0.1, 0.5 and 1.0 mg
kg–1. Recoveries of glyphosate and AMPA from barley seed
were 82.1 ± 14.0% and 81.6 ± 19.8% (n = 8), respectively,
with the corresponding values for straw being 84.9 ± 5.1%
and 63.3 ± 29.7% (n = 6). Glyphosate recoveries from field
pea seed and straw were similar [77.7 ± 15.2% (n = 7) and 
82.1 ± 23.42 (n = 5), respectively], but corresponding recov-
eries of AMPA were not as high. Recovery of AMPA from
the seed was 56.6 ± 15.1%, whereas that from the straw
(10.6 ± 13.9%) was not reliable. Recoveries from flax seed
were similar to those reported for canola seed (Cessna et al.
2000), the values being 61.4 ± 7.4% for glyphosate and 
57.4 ± 9.6 for AMPA (n = 5). Analyses were carried out
within 4 to 7 mo of sample collection and statistical analy-
sis of glyphosate and AMPA field residue data was as
described previously (Cessna et al. 2000).


Despite efforts to minimize drift contamination by cover-
ing the check plots with polyethylene sheets during
glyphosate application, it was evident that the check plots
received some application drift. At Beaverlodge, glyphosate
residues in the seed and straw from field pea and barley
check plots were generally less than 0.05 mg kg–1, the limit
of quantification of the analytical method, whereas corre-
sponding AMPA residues were generally non-detectable. At
Melfort, mean glyphosate (0.14 to 0.29 mg kg–1) and
AMPA (0.06 to 0.08 mg kg–1) residues in flax seed from the
check plots were higher. This most likely occurred because
the polyethylene sheets, which were rolled up at this site
between treatments and then reused, became contaminated
with glyphosate.


Glyphosate residues in the seed of all three crops at har-
vest were affected by rate of glyphosate (Rate) and the stage
of crop development at application (Stage). Glyphosate
residues generally increased as the rate of application
increased, regardless of stage of the crop, and generally
decreased when glyphosate was applied at later stages of
crop development (Table 2). Similar responses have been
reported for wheat (Cessna et al. 1994) and canola (Cessna
et al. 2000). For field pea and flax, there were also 
Rate × Stage interactions; that is, glyphosate application rate
had a greater effect at earlier crop stages.


More glyphosate was not always taken up by the crop and
translocated to the seed as application rate increased. For
example, for field pea stages 1 and 3, increases in
glyphosate residues in the seed were small when the appli-
cation rate was increased from 0.9 to 1.7 kg ha–1 (Table 2).
Similarly, glyphosate residues did not always decrease with
later stages of crop development, as evident from residue
data for stage 4 field pea and barley seed. These anomalies,
also observed for wheat (Cessna et al. 1994) and canola
(Cessna et al. 2000), most likely reflect not only environ-
mental conditions that prevented a continuous decrease in
seed (and presumably, foliage) moisture content with crop
development stage, but also the magnitude and timing of
rainfalls after each glyphosate application. For example,
rainfall washoff (Sundaram 1991) due to rains shortly after
stage 2 and 3 glyphosate applications to field pea and barley


(Table 1) may account for part of the decline in glyphosate
residues in the seed. In addition, since the 1.7 kg ha–1 rate
was applied last at each site, rainfall washoff may have
occurred preferentially with the higher application rate. At
Melfort, rainfall washoff would not have been an important
factor in determining the magnitude of glyphosate residues
in the seed. Thus, lower seed residues at later stages of crop
development at this site were most likely due to decreased
translocation associated with decreasing moisture content in
the crop at application. 


Glyphosate residues were generally lower in barley and
flax seed than in field pea seed (Table 2) indicating either
less uptake of the herbicide by these crops or reduced
translocation to the seed. Less uptake may have resulted
from lower retention of spray droplets or greater rainfall
washoff due to differing plant morphology, whereas
decreased translocation to the seed may reflect lower seed
(and presumably, foliage) moisture contents at application
(Table 1). MRLs established by Health Canada for total
glyphosate plus AMPA residues in field pea, barley and flax
seed are 5.0, 10 and 1.0 mg kg–1, respectively. Under the
environmental conditions encountered at Beaverlodge, pre-
harvest application of glyphosate to barley at rates up to 1.7
kg ha–1could be made at any crop development stage with-
out exceeding its MRL. For field pea, the maximum appli-
cation rate that could be applied without exceeding the
corresponding MRL was 0.9 kg ha–1 applied at crop devel-
opment stages 2 to 4. For flax at Melfort, only the 0.44 kg
ha–1 application rate of glyphosate at the latter stages of crop
development and 0.9 kg ha–1 at the latest stage could be
applied as a preharvest treatment without exceeding the cor-
responding MRL.


Glyphosate residues in field pea and barley straw were
also affected by Rate and Stage, with a significant interac-
tion between these factors (Rate × Stage) for field pea straw.
However, glyphosate residues in field pea straw did not con-
sistently increase with increasing application rate and nei-
ther crop displayed a consistent decrease in glyphosate
residues with application at later stages of crop development
(Table 2). These inconsistencies probably result from envi-
ronmental factors that affected moisture content in the seed
and foliage of the crops, as well as rainfall washoff. For
example, washoff caused by rainfall shortly after glyphosate
application to field pea (Table 1) may explain why
glyphosate residues in the straw were greatest for stages 1
and 4 and intermediate for the other two stages, whereas the
high stage 4 glyphosate residues probably reflect decreased
translocation of the herbicide to the seed due to decreased
moisture content in the crop. As with the seed, glyphosate
residues in barley straw were much lower at harvest than
those in field pea straw at corresponding application rates of
the herbicide, and most likely reflect differences in plant
morphology with respect to spray retention and susceptibil-
ity to rainfall washoff or differences in glyphosate uptake.
MRLs have not been established by Health Canada for field
pea and barley straw.


The extent to which glyphosate is metabolized in plants is
species dependent. Decarboxylation has been identified as a
major route of metabolism (Coupland 1984; Stock et al.


C
an


. J
. P


la
nt


 S
ci


. D
ow


nl
oa


de
d 


fr
om


 w
w


w
.n


rc
re


se
ar


ch
pr


es
s.


co
m


 b
y 


70
.4


9.
24


1.
14


 o
n 


04
/1


4/
19


Fo
r 


pe
rs


on
al


 u
se


 o
nl


y.
 


410Appeal Book, Tab 6L3







488 CANADIAN JOURNAL OF PLANT SCIENCE
T


ab
le


 2
. R


es
id


ue
s 


of
 g


ly
ph


os
at


e 
an


d 
A


M
P


A
 in


 f
ie


ld
 p


ea
 a


nd
 b


ar
le


y 
se


ed
 a


nd
 s


tr
aw


 a
nd


 in
 f


la
x 


se
ed


 f
ol


lo
w


in
g 


pr
eh


ar
ve


st
 a


pp
lic


at
io


ns
 o


f 
gl


yp
ho


sa
te


 a
t 


fo
ur


 s
ta


ge
s 


of
 c


ro
p 


de
ve


lo
pm


en
t


R
at


e 
of


gl
yp


ho
sa


te
Fi


el
d 


pe
a


B
ar


le
y


Fl
ax


z


(k
g 


ha
–1


)
St


ag
e 


1
St


ag
e 


2
St


ag
e 


3
St


ag
e 


4
St


ag
e 


1
St


ag
e 


2
St


ag
e 


3
St


ag
e 


4
St


ag
e 


1
St


ag
e 


2
St


ag
e 


3


(m
g 


kg
–1


) 


G
ly


ph
os


at
e 


R
es


id
ue


s 
in


 S
ee


dy


0.
45


16
.4


4(
4.


66
)


1.
43


(0
.4


7)
0.


78
(0


.2
2)


0.
56


(0
.2


2)
0.


84
(0


.1
9)


0.
70


(0
.1


6)
0.


29
(0


.0
7)


0.
44


(0
.1


0)
1.


60
(0


.4
9)


0.
45


(0
.1


4)
0.


35
(0


.1
1)


0.
9


34
.0


8(
9.


66
)


3.
97


(1
.1


3)
1.


38
(0


.3
9)


2.
79


(0
.7


9)
0.


98
(0


.2
2)


0.
86


(0
.2


0)
0.


68
(0


.1
5)


0.
62


(0
.1


6)
3.


27
(1


.0
1)


1.
52


(0
.4


7)
1.


01
(0


.3
1)


1.
7


37
.8


5(
12


.3
9)


8.
67


(2
.4


6)
1.


40
(0


.4
0)


8.
76


(2
.4


8)
3.


00
(0


.6
9)


1.
75


(0
.4


0)
0.


96
(0


.2
2)


1.
14


(0
.3


0)
11


.7
1(


3.
61


)
1.


99
(0


.6
1)


1.
26


(0
.3


9)


St
ra


w
y


0.
45


19
.4


7(
4.


68
)


5.
07


(1
.4


1)
11


.4
6(


2.
76


)
14


.8
3(


5.
04


)
2.


32
(0


.4
9)


2.
51


(0
.5


3)
1.


55
(0


.3
3)


2.
16


(0
.4


5)
–x


–
–


0.
9


30
.7


7(
7.


40
)


14
.9


3(
3.


59
)


16
.6


9(
4.


01
)


48
.3


6(
11


.6
3)


3.
62


(0
.7


6)
4.


46
(0


.9
3)


3.
72


(0
.7


8)
2.


20
(0


.4
6)


–
–


–
1.


7
26


.6
7(


7.
40


)
25


.9
4(


6.
24


)
28


.2
3(


6.
79


)
41


.4
4(


9.
97


)
14


.1
4(


2.
96


)
9.


61
(2


.0
1)


9.
31


(1
.9


5)
4.


21
(0


.8
8)


–
–


–


A
M


P
A


 R
es


id
ue


s 
in


 S
ee


dw


0.
45


0.
22


(0
.0


7)
0


<
 0


.0
5


0
0.


07
(0


.0
3)


0.
05


(0
.0


1)
0


<
 0


.0
5


<
 0


.0
5


0
0


0.
9


0.
36


(0
.1


2)
<


 0
.0


5
0


<
 0


.0
5


0.
07


(0
.0


1)
<


 0
.0


5
0.


05
(0


.0
2)


<
 0


.0
5


<
 0


.0
5


<
 0


.0
5


<
 0


.0
5


1.
7


0.
69


(0
.2


3)
0.


05
(0


.0
2)


0
0.


05
(0


.0
2)


0.
13


(0
.0


3)
0.


07
(0


.0
1)


<
 0


.0
5


0.
06


(0
.0


1)
0.


11
(0


.0
3)


<
 0


.0
5


<
 0


.0
5


St
ra


w
w


0.
45


0.
32


(0
.0


6)
0.


06
(0


.0
1)


0.
14


(0
.0


3)
0.


17
(0


.0
5)


0.
16


(0
.0


4)
0.


11
(0


.0
2)


0.
07


(0
.0


2)
0.


17
(0


.0
4)


–
–


–
0.


9
0.


34
(0


.0
7)


0.
17


(0
.0


3)
0.


20
(0


.0
4)


0.
38


(0
.0


8)
0.


24
(0


.0
6)


0.
16


(0
.0


4)
0.


12
(0


.0
3)


0.
15


(0
.0


6)
–


–
–


1.
7


0.
62


(0
.1


5)
0.


23
(0


.0
5)


0.
21


(0
.0


4)
0.


69
(0


.1
4)


0.
45


(0
.1


2)
0.


27
(0


.0
7)


0.
21


(0
.0


6)
0.


14
(0


.0
4)


–
–


–
z G


ly
ph


os
at


e 
w


as
 n


ot
 a


pp
lie


d 
at


 c
ro


p 
de


ve
lo


pm
en


t s
ta


ge
 4


 b
ec


au
se


 th
e 


cr
op


 w
as


 a
lr


ea
dy


 d
es


ic
ca


te
d.


y G
ly


ph
os


at
e 


re
si


du
es


 in
 s


ee
d 


an
d 


st
ra


w
 f


ro
m


 f
ie


ld
 p


ea
 a


nd
 b


ar
le


y 
co


nt
ro


l p
lo


ts
 w


er
e 


ge
ne


ra
lly


 <
 0


.0
5 


m
g 


kg
–1


, t
he


 li
m


it 
of


 q
ua


nt
if


ic
at


io
n 


of
 th


e 
an


al
yt


ic
al


 m
et


ho
d,


 w
he


re
as


 th
os


e 
in


 s
ee


d 
fr


om
 f


la
x 


co
nt


ro
l


pl
ot


s 
ra


ng
ed


 f
ro


m
 0


.1
4 


to
 0


.2
9 


m
g 


kg
–1


.
x F


la
x 


st
ra


w
 s


am
pl


es
 w


er
e 


no
t c


ol
le


ct
ed


 f
or


 a
na


ly
si


s.
w


A
M


PA
 r


es
id


ue
s 


in
 s


ee
d 


an
d 


st
ra


w
 f


ro
m


 f
ie


ld
 p


ea
 a


nd
 b


ar
le


y 
co


nt
ro


l p
lo


ts
 w


er
e 


ge
ne


ra
lly


 n
on


–d
et


ec
ta


bl
e 


or
 <


 0
.0


5 
m


g 
kg


–1
, w


he
re


as
 th


os
e 


in
 s


ee
d 


fr
om


 f
la


x 
co


nt
ro


l p
lo


ts
 r


an
ge


d 
fr


om
 0


.0
6 


to
 0


.0
8 


m
g 


kg
–1


.


C
an


. J
. P


la
nt


 S
ci


. D
ow


nl
oa


de
d 


fr
om


 w
w


w
.n


rc
re


se
ar


ch
pr


es
s.


co
m


 b
y 


70
.4


9.
24


1.
14


 o
n 


04
/1


4/
19


Fo
r 


pe
rs


on
al


 u
se


 o
nl


y.
 


411Appeal Book, Tab 6L3







CESSNA ET AL. — GLYPHOSATE RESIDUES IN FIELD PEA, BARLEY AND FLAX 489


1991), and AMPA as a major metabolite. The proportion of
glyphosate converted to AMPA is about 5% in wheat (Cessna
et al.1994), 4% in quackgrass (Coupland 1984), 2% in canola
(Cessna et al. 2000), < 1% in crested wheatgrass [Agropyron
desetorum (Fisch.) Schult.] (Cessna and Waddington 1995)
and 0% in red fescue [Festuca rubra (L.) var. rubra] and reed
canarygrass (Phalaris arundinacea L.) (Marquis et al. 1979).
It is possible that a portion of the AMPA results from metab-
olism and/or degradation of glyphosate on plant surfaces, fol-
lowed by uptake of the metabolite.


AMPA residues in field pea seed were affected by both
Rate and Stage, whereas those in barley and flax seed were
affected only by Stage. In general, AMPA residues in the
seed of the three crops generally followed the same pattern
as that for corresponding glyphosate residues but were one
to two orders of magnitude lower (Table 2). As with
glyphosate residues in the seed, AMPA residues in field pea
seed were greater than those in the seed of the other two
crops. Although stage 1 AMPA residues in all three crops
were greater than those for the other stages, residues in flax
seed sprayed with the highest rate of glyphosate were no dif-
ferent than those in flax seed from unsprayed plots.


AMPA residues in field pea and barley straw at harvest
were affected by Rate and Stage. In general, AMPA
residues followed the same pattern as that displayed by
glyphosate in straw and were one to two orders of magnitude
lower than corresponding residues of glyphosate (Table 2). 


In those situations in which AMPA residues in either the
seed or straw (Table 2) exceeded the limit of quantification
of the analytical method (0.05 mg kg–1), the ratio of AMPA
residues to those of glyphosate was calculated to assess the
extent to which glyphosate was metabolized in each of the
crops. When the difference in molecular weight between
glyphosate and AMPA was taken into account, approxi-
mately 2% of the glyphosate associated with the seed or
straw of field pea and 7% of that associated with barley seed
or straw was metabolized to AMPA. AMPA residues in
field pea straw may have been underestimated due to poor
recovery, so glyphosate metabolism in field pea may have
been greater than 2%. Since only one glyphosate treatment
to flax resulted in AMPA residues > 0.05 mg kg–1, it was not
possible to get a reliable assessment of the extent of metab-
olism of glyphosate to AMPA in this crop.


In conclusion, the magnitude of glyphosate and AMPA
residues in the seed and straw at maturity of field pea, bar-
ley and flax treated with preharvest applications of
glyphosate were determined primarily by the rate of
glyphosate application and the physiological maturity (stage
of crop development) of the crop at application. Glyphosate
residues in the seed of these crops at harvest tended to
increase with increasing application rate, and decrease when
the herbicide was applied at later stages of crop develop-
ment. However, residues of the herbicide and its metabolite
were also affected by rainfall washoff and by environmental
conditions that affected the moisture content of the crop.
Total residues of glyphosate plus AMPA in barley seed did
not exceed the MRL, regardless of the rate of application or
the stage of crop development at application. To avoid
exceeding the respective MRLs for field pea and flax, the


1.7 kg ha–1 application rate should not be applied at any crop
development stage, and even the lowest rate (0.44 kg ha–1)
should not be applied at growth stage 1. The 0.9 kg ha–1


application rate could be applied to field pea at all but the
earliest stage of crop development and to flax only at the lat-
est stage of crop development.


The authors thank M. Etter and M. Otte for their technical assis-
tance in the residue analyses, and B. Clease and J. Dick for sample
collection at the Beaverlodge and Melfort sites, respectively.
Funding from the Saskatchewan Agriculture Development Fund
for partial support of this study is gratefully acknowledged.
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Features


 Be the first to comment


Don’t use desiccants to hasten maturity


By Angela Lovell 
Contributor


Desiccants are designed to quickly dry down the crop, as well as any green weedy material


growing in the crop that might otherwise hamper harvesting operations.


“It’s a common misconception that herbicides put on prior to harvest, whether it’s a desiccant


or something like glyphosate, will hasten maturity — which is not the case,” says Clark Brenzil,


provincial weed specialist with the Saskatchewan Ministry of Agriculture.


“In large part what you are doing is trying to address some of the harvest issues that occur


when you have an indeterminate growth habit in a plant,” says Brenzil. “Typically that is going


to be for a broadleaf crop, and pulse crops tend to be the most commonly desiccated.”


In indeterminate plants, such as pulses, flowers are produced at the bottom and continue to be


produced all the way up as the plant grows. This results in mature pods at the bottom of the


plant and greener material at the top. “The idea with desiccation is to dry out that green


material very quickly so that you can get in there and harvest the mature pods down at the


bottom,” says Brenzil.


Crop desiccants such as Reglone are contact herbicides that interfere with photosynthesis.


This causes the plants’ cells to break down and release the liquid contents, allowing plant


material to dry down rapidly. Water droplets can often be seen pooling on the leaf surfaces


shortly after application of desiccants.


Glyphosate


Although glyphosate products are not desiccants, it’s a common misconception that


glyphosate applied prior to harvest will act as a desiccant. “There is often a blurring of the


term,” says Brenzil. “Farmers will often say ‘we’re desiccating with glyphosate’ and that’s not


the case. Glyphosate kills plants; then it’s left to Mother Nature to dry them down.”


More correctly, says Brenzil, farmers use a pre-harvest application of glyphosate to control


perennial weeds. “The glyphosate circulates in the plant and gets down to the roots and


controls that perennial weed,” he says. “Pre-harvest is a particularly good time of year to


achieve that, particularly the further north you go.”


FOLLOW
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Incorrect timing of pre-harvest herbicides can actually have a negative impact on maturity,


says Brenzil. “The maturation process is more than just the dry-down of the plant. The first


step in maturation is the filling of the seed and then once the seed is filled, it starts going


through that drying down process,” he explains.


Herbicides applied too early can interrupt the process of seed filling, resulting in yield loss.


There is also a danger of herbicide residue ending up in the seed, a particular concern when


using glyphosate, for which some European countries have set very low maximum residue


limits in pulse and other crops.


“Glyphosate is a systemic product, which means that once it enters the plant it will get into the


circulation system and move through the plant to the same places that the sugars are going,


which are called sinks,” says Brenzil. “The sink at the pre-harvest timing is the seed. So


basically what you are doing by applying early is taking what is applied to the surface of the


leaf and putting it right into the seed.”


For this reason glyphosate should not be used as a pre-harvest application when growing


pulse crops for seed the following year, because of an increased risk of poor emergence.


Desiccants and frost


Desiccants are contact herbicides which only have impact on the tissues they come into


contact with. They do not move systemically through the plant.


Another myth about pre-harvest treatments, whether desiccants or glyphosates, is that they


can protect a crop from the damage caused by a frost, similar to swathing. “When a crop is


swathed there is still some subsequent maturation of the seed as the swath dries, but with


herbicides you are simply killing the crop prematurely,” says Brenzil. “Desiccation could be


seen as the chemical equivalent to frost and performs roughly the same process except it is ice


crystals that form within the cells that puncture membranes and release the cell contents to


the air. It is doubtful that a crop treated with glyphosate will be dry enough when a predicted


frost materializes to protect it at all. Producers are just throwing away their money if they


apply a day or two before the frost.”


When to apply


Once the crop is ready, desiccation allows farmers to control the timing of harvest within a


relatively short window.


Deciding when to use desiccants will often depend upon the amount of variability in the field,


says Brenzil, but farmers should time application for when they feel the majority of the crop
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will be ready.


“You might have a situation where you had a dry spring and only 20 per cent of your seed came


up and then a rain came two or three weeks later and the other 80 per cent of the seed came


up,” says Brenzil. “In this case you really should be timing the desiccant for the later crop


because if you desiccate earlier to try and time it for that minority of plants that were early,


you will sacrifice yield and quality and there could potentially be residues in the seed that


could cause the crop to be rejected altogether.”


Robert Klewchuk, Syngenta’s technical lead for Western Canada suggests talking to your local


agronomist for a second opinion about when your crop is ready for desiccation. Applying a


desiccant too early can affect yield, harvestability and the development of immature seeds.


“I always term Reglone as a ‘finisher’, so you are taking a plant that is very mature and


applying the product to dry up the rest of the green growth as a harvest aid so you can get in


there with the combine,” says Klewchuk. “You can get a false sense of success if you apply way


too early, because the crop looks dry but you can’t see the maturity of the plant. If the seeds


are not ready, applying a desiccant makes them look ready but then you start harvesting and


it’s not quite going so well.”


To decide when to apply a desiccant, farmers should look at the moisture content of the seed.


A general rule of thumb is to desiccate when the seed has less than 30 per cent moisture. In the


case of lentils and peas, if the bottom 10 to 30 per cent of the pods on the plant are brown and


dry and rattle they are ready for desiccation. In peas, when the bottom pods rattle, meaning


the seeds have become detached and the upper pods are turning yellow, the plant is ready for


dry down. With beans, producers will often use pod colour and texture to determine timing for


desiccation. Usually beans are mature when 80 to 90 per cent of the leaves have dropped off.


To desiccate chickpeas, producers should wait until 80 per cent of the pods have turned brown.


In general, says Klewchuk, with all pulse crops, the field should have a colour and maturity


change prior to applying Reglone. “I view the crop in three tiers,” he says. “The bottom


grouping of pods have changed colour with seeds detached and rattling. The middle tier has


seed color change and seeds split with no juice. The grower has to determine, if he is going to


wait for the top grouping of pods, when and if they will mature in time for harvest.”


It’s important to achieve complete coverage of the crop to have a more complete effect upon a


greater number of the plant cells. Applying in the evening, or preferably after dark, will help to


give more efficient coverage by reducing evaporation of the water volume, and giving better


droplet spread on the surface when the plant surfaces are not hot from direct sunlight.


“Most desiccation products are sun activated and the by products that they are producing are


a result of the photosynthesis being interrupted. If you can put them on in the evening when
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the light levels are low, it allows a certain amount of time for the droplets that have landed on


the plant to get into the plant and diffuse out from the impact point before the sun comes up


the next day and starts activating the product,” says Brenzil.


Lots of water volume and using clean water that is free from particulates is also crucial to


achieving good coverage of all the plant surfaces. Use the highest recommended water


volumes for best results to ensure good penetration deep into the canopy.


Farmers with large acreages to harvest should try to spray in stages and only enough at a time


so that they know they will be able to finish harvest within the window of opportunity.


When to harvest


Crops should be harvested as soon as they are ready after desiccation. The longer crops are


left past the point when the desiccant has done its work, the more risk there is of pods on the


bottom of the plant shattering during dry conditions. Or, crops can rot if wet weather occurs


immediately afterwards or weeds can grow back from lateral buds that were not killed. The


product label should carry a pre-harvest interval recommendation, but this should be viewed


as a guideline as the actual time before the crop is completely ready to be harvested will vary


depending on the product rate, how well it was applied and environmental conditions in the


days following application.


The recommended interval for a desiccant like Reglone might be four to 10 days, but Klewchuk


says there are a number of factors which affect the final harvest date. “With Reglone, since it’s


just applied to the outside and doesn’t enter the seeds, if your crop is dry the day after you


sprayed it you can harvest it,” he says. “That’s not very likely, but the point is if your crop was


almost ready to harvest and you sprayed it and you achieved good coverage and weather


conditions stay dry, you could be the guy harvesting in two days. If you want to cut corners on


water volumes and spray far too early or it rains for five days afterwards you could be the guy


waiting 10 to 14 days or longer.” †
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Effect of application timing of glyphosate and saflufenacil
as desiccants in dry edible bean (Phaseolus vulgaris L.)
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McNaughton, K. E., Blackshaw, R. E., Waddell, K. A., Gulden, R. H., Sikkema, P. H. and Gillard, C. L. 2015. Effect of
application timing of glyphosate and saflufenacil as desiccants in dry edible bean (Phaseolus vulgaris L.). Can. J. Plant Sci. 95:
369�375. Early application of desiccants in dry edible bean may cause yield reductions and unacceptable herbicide residue
levels, resulting in rejection of exported shipments. The effect of application timing of two registered desiccants, glyphosate
and saflufenacil, was examined in 12 field trials conducted over a 4-yr period (2009�2012) at Exeter, Ontario, Carman,
Manitoba, and Lethbridge, Alberta. Desiccants were applied alone and in combination at five crop maturation stages.
When glyphosate or saflufenacil alone, or in combination, was applied at 100% crop maturity, herbicide residue levels
were acceptable (less than 2.0 and 0.01 ppm for glyphosate and saflufenacil, respectively) and there was no reduction in
yield or hundred seed weight. Glyphosate residues remained below 2.0 ppm when the desiccant was applied alone or with
saflufenacil at 75% crop maturity, but crop yield decreased by 16% compared with the untreated control when glyphosate
and saflufenacil were combined. Residue levels were unacceptable when glyphosate was applied at 0, 25, and 50%
maturity; generally the earlier glyphosate was applied, the greater the residue concentration in the seeds at harvest.
Although no application timing resulted in saflufenacil residues above 0.01 ppm, crop yield was reduced when the
desiccant was applied at 0, 25, 50, and 75% crop maturity. This information will provide dry bean processors with the
necessary information to design guidelines concerning the application timing of glyphosate and saflufenacil so that bean
yield and quality remain unaffected and seed residues remain below accepted levels.


Key words: Desiccation, dry edible bean, harvest aid, maximum residue level, Phaseolus vulgaris L.


McNaughton, K. E., Blackshaw, R. E., Waddell, K. A., Gulden, R. H., Sikkema, P. H. et Gillard, C. L. 2015.
Conséquences du moment de l’application du glyphosate et du saflufenacil employés comme agents de dessiccation avec le


haricot (Phaseolus vulgaris L.). Can. J. Plant Sci. 95: 369�375. L’application hâtive d’agents de dessiccation au haricot peut
donner lieu à des pertes de rendement et à une concentration inacceptable de résidus d’herbicide, puis, par voie de
conséquence, entraı̂ner le rejet des lots de haricot sec exportés. Les auteurs ont examiné les conséquences du moment
d’application du glyphosate et du saflufenacil, deux agents de dessiccation homologués, lors de douze essais au champ
réalisés au cours d’une période de quatre ans (2009�2012) à Exeter (Ontario), à Carman (Manitoba) et à Lethbridge
(Alberta). Les agents ont été appliqués seuls ou combinés à cinq stades de maturation de la culture. Quand on applique le
glyphosate, le saflufenacil ou les deux au moment où la culture a atteint 100 % de sa maturité, la concentration de résidus
d’herbicide est acceptable (moins de 2,0 et de 0,01 ppm respectivement pour le glyphosate et le saflufenacil) et on n’observe
pas de diminution du rendement ni du poids de cent graines. Les résidus de glyphosate demeurent en-dessous de 2,0 ppm
quand on l’applique seul ou avec du saflufenacil à 75 % de maturité de la culture, mais le rendement diminue de 16 %,
comparativement à celui de la parcelle témoin non traitée quand le glyphosate est combiné à du saflufenacil. La
concentration de résidus devient inacceptable lorsque le glyphosate est appliqué à 0, à 25 ou à 50 % de la maturité de
la culture. En général, plus tôt on applique le glyphosate, plus la concentration de résidus est grande dans les graines, à la
récolte. Bien que la concentration de résidus de saflufenacil ne dépasse jamais 0,01 ppm, peu importe le moment de
l’application, il y a diminution du rendement quand l’agent de dessiccation est employé à 0, à 25, à 50 et à 75 % de la
maturité de la culture. Ces renseignements aideront les transformateurs de haricot sec à élaborer des lignes directrices sur le
moment où appliquer le glyphosate et le saflufenacil afin que le rendement et la qualité du haricot n’en souffrent pas et que
la concentration de résidus dans les graines reste inférieure au niveau acceptable.


Mots clés: Dessiccation, haricot sec, aide à la récolte, concentration maximale de résitu, Phaseolus vulgaris L.


Abbreviations: AMPA, aminomethylphosphoric acid; DAA,
days after application; HSW, hundred-seed weight; MRL,
maximum residue level
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In 2011, Canadian dry bean exports were valued at
US$214 million, making Canada the fifth largest ex-
porter of dry beans worldwide (Food and Agriculture
Organization of the United Nations 2014). Dry beans
are primarily used in the food industry as whole seeds
and therefore seed appearance and colour are com-
ponents of seed quality; as a result, seed maturity at
harvest is important. Producers often facilitate harvest
by applying desiccants or harvest aids to accelerate the
rate and uniformity of crop and weed dry down because
of indeterminate crop growth and variable field and
weather conditions (Hole and Hardwick 1978; Wilson
and Smith 2002). In order to minimize herbicide residues
in dry bean seed and maintain yield and seed quality it is
important that desiccants are applied at the appropriate
crop maturity (Azlin and McWhorter 1981; Ratnayake
and Shaw 1992; Cessna et al. 1994).


Glyphosate, a relatively slow-acting systemic herbi-
cide has been used as a harvest aid in dry bean. Ideally,
the recommended timing of glyphosate application,
when used as a desiccant, is at 30% or less grain
moisture (�80�90% leaf drop) (Monsanto 2014). In
2008, shipments of Otebo bean from Ontario to Japan
were found to have glyphosate residues in excess of
the accepted 2.0 ppm maximum residue level (MRL).
Although glyphosate had been successfully used as a
harvest aid for a number of years prior to this incident,
it was believed that the bean plants continued to grow
during the unusually cool, wet fall of 2008, despite
glyphosate application. The edible bean industry hy-
pothesized that the prolonged plant survival following
glyphosate application allowed for herbicide transloca-
tion to the seed (a sink), possibly contributing to the
unacceptable residue levels. As a result of the elevated
glyphosate residues identified in 2008, dry bean proces-
sors have restricted the use of glyphosate as a desic-
cant and producers have turned to alternate desiccants
such as carfentrazone, glufosinate, or diquat. Addition-
ally, researchers have investigated the efficacy and safety
of newer herbicides, such as saflufenacil, as desiccants.
Saflufenacil is faster acting than glyphosate and is trans-
located primarily through the xylem, making it less
likely to translocate to the seed (Liebl et al. 2008). The
application timing of saflufenacil is at 90% dry bean
maturity (BASF Canada 2013). Currently, the European
Union (EU) has listed a suggested MRL for saflufenacil
in dry bean of 10 ppb, while Japan has approved a MRL
of 300 ppb; both regions are important importers of
Canadian dry bean.


The purpose of this study was to examine the effect of
application timing of glyphosate and saflufenacil, alone
and in combination, as a dry bean desiccant. Yield,
herbicide residues in seed, relative desiccation rate, and
seed colour quality were examined. Although adherence
to label application recommendations are always en-
couraged it is important for producers and processors
to know the degree of yield loss, quality reduction,
and residue levels expected if these two desiccants are


applied early. Producers sometimes find it difficult to
identify the proper timing for desiccant application.
Weather conditions and the indeterminate nature of
the crop make it probable that while the majority of the
field has reached the appropriate maturity for desic-
cant application, certain areas within a field may be
immature and the desiccant may be applied too early.
Additionally, the combination of the two herbicides may
result in unexpectedly elevated seed residues.


MATERIALS AND METHODS


Site Design
The study consisted of 12 sites and was conducted over a
4-yr period (2009�2012) at three locations: Exeter, Ontario,
Carman, Manitoba, and Lethbridge, Alberta. At the seven
Exeter sites, three dry bean market classes were examined;
‘Red Hawk’ kidney (2009), ‘OAC Thunder’ (2010) and
‘T9905’ (2011�2012) navy, and ‘Hooter’ cranberry (2010�
2012). At Carmen and Lethbridge ‘Windbreaker’ pinto
(2010�2012) and ‘Resolute’ great northern (2011�2012)
bean were examined, respectively. Seedbed preparation
included fall moldboard plowing in Exeter followed by two
passes with a cultivator in the spring, a fall and spring
cultivation in Carmen, and two spring cultivation passes in
Lethbridge. Using provincial standards, study areas were
fertilized based on soil test recommendations.


Trials were designed using a randomized complete
block design with four replicates. Plots were 3 m wide
and 5 to 6 m long, depending on location; a 75-cm row
spacing was used. In late May to early June treated seed
was planted to moisture (3�5 cm) at 175 000 to 250 000
seed ha�1. During the growing season, plots were
maintained weed free using cultivation and various
registered herbicide cover sprays dependent on weed
species present. Required fungicide and insecticide
cover sprays were also applied as required in order to
maintain the health of the crop. Desiccants applied were
glyphosate at 900 g a.e. ha�1 (RoundUp Weathermax†,
540 SN,Monsanto Canada Inc., 101�120Research Lane,
Guelph,ON,N1G 0B4), saflufenacil�surfactant/solvent
at 50 g a.i. ha�1�0.5% vol vol�1, respectively (Eragon†,
70 SG, BASF, 100 Milverton Dr., Mississauga, ON, L5R
4H1 andMerge†, BASF), and glyphosate�saflufenacil�
surfactant/solvent at the previously cited individual rates.
Treatments included an untreated control and each of
the three desiccant combinations applied when dry bean
was at 0, 25, 50, 75, and 100% maturity, for a total of
16 treatments per trial. Maturity was based on the
percentage of pods changing colour from green to yellow,
tan, purple, or striped. Zero percent maturity was defined
as all pods being green with most of the seed within
the pods being full-sized, at 25% maturity approxi-
mately 25% of the pods had begun to mature and change
colour from green to yellow or light brown. Similarly,
at 50, 75, and 100% maturity 50, 75, and 100% of the
pods, respectively, had begun to change colour. The 75%
maturity desiccant application timing was applied just
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prior to the R8 stage (80% of pods changed from green to
mature colour) and the 100%maturity desiccant applica-
tion timing was applied at the registered glyphosate
desiccant timing (80�90% leaf drop, with 100% of
pods changed colour). Desiccants were applied using a
backpack or bicycle CO2-pressurized sprayer (R&D, 419
Hwy. 104, Opelousas, LA 70570) calibrated for an output
of 200 L ha�1 at a pressure of 240 kPa using ULD120-02
nozzles (Hypro† Ultra-Lo Drift 120-02 nozzle, 375 5th
Ave. NW, New Brighton, MN 55112) or 259 kPa using
AM110-020 nozzles (Greenleaf Technologies† Airmix
110-020 nozzle, P.O. Box 1767, Covington, LA 70434).
Due to a cool, wet autumn desiccant application was later
than normal for the 2010 Carmen site, while desiccant
application and harvest was unaffected by weather at
Exeter. Alternatively, both the Exeter and Lethbridge
sites experienced a wet fall in 2011, while weather
conditions at Carmen were typical. Weather conditions
were typical during desiccant application and harvest
for all 2012 site locations.


Data Collection
Visual estimates of plant leaf, stem, and pod desicca-
tion were evaluated at 4, 8, 12, and 16 d after each
application (DAA) on a scale of 0 to 100%, where 0%
represented no desiccation and 100% represented com-
plete desiccation. As the desiccation applications and
subsequent ratings were conducted over a period of
time, the four individual ratings for each treatment were
combined to determine the desiccation progress over
time; this was accomplished by inserting desiccation
rating values into the area under the disease progress
curve equation:


AUDPC �
�


R1 � R2


2


��
t2 �t1


�
�
�


R2 � R3


2


�


�
�


t3 �t2


�
�
�


R3 � R4


2


��
t4 �t3


�
(1)


where R1 to R4 represent the desiccation ratings ob-
served at the respective evaluation timings t1, t2, t3 and t4
(Van der Plank 1963; Jeger and Viljanen-Rollinson 2001;
Simko and Piepho 2012). Themodified use of Eq. 1 in this
study allowed for the conversion of four sequential
desiccation ratings into one relative value for the purpose
of reporting; the larger the calculated area under the
desiccation progress curve (AUDPC), the further desic-
cation had progressed between the 4 and 16DAA ratings.
Dry bean was harvested using a plot combine and yield
was adjusted to 18% moisture; hundred-seed weight
(HSW) was also determined. Various rating parameters
were used to evaluate and quantify seed quality and
colour. Crop pick was evaluated following yield determi-
nation for the 2010�2012 Exeter navy and cranberry
trials. Pick refers to the percentage, based on weight,
of damaged beans (discoloured or misshapen) found in
a representative harvest sample. Generally, the dollar


charge to producers for pick is double; if pick is rated at
3% then producers are docked 6% of the bean price.
Additionally, seed colour was evaluated using a Konica
Minolta CR-410 Chroma meter to determine L*a*b*
colour space; L*a*b* is designed to approximate human
colour perception. L*a*b* values were determined for
all locations except the 2009 Exeter kidney bean location.
L* represents the lightness of colour (0�black and 100�
white), a* represents the colour position between red
and green (positive values are more red, while negative
values are more green), and b* represents the colour
position between yellow and blue (positive values are
more yellow, while negative values are more blue).
Herbicide residue testing on bean seed was completed
by ALS Laboratory Group (5424�97 Street, Edmonton,
AB T6E 5C1). Glyphosate residue values are reported in
parts per million (ppm) and encompass the combination
of glyphosate and its metabolite, aminomethylphospho-
ric acid (AMPA), while saflufenacil residue values are
reported in parts per billion (ppb). Residue data reported
includes all 12 locations for glyphosate residues, but
only 10 locations for saflufenacil residues; the 2009
Exeter and 2011 Lethbridge locations were not included.
The Exeter 2009 saflufenacil residue data were not
available and the 2011 Lethbridge data were removed
due to sample contamination. Residue values of less
than 2.0 ppm and 10 ppb for glyphosate and saflufenacil,
respectively, were considered to be safe for human
consumption. These values were chosen because they
represent the lowest acceptable or proposed accept-
able MRL for three important importers of Canadian
dry bean, the United States, the European Union, and
Japan.


Statistical Analysis
Data were subjected to an analysis of variance and
analyzed using PROCMIXED in SAS 9.2 (SAS Institute
Inc., 100 SAS Campus Drive, Cary, NC 27513). En-
vironment (year�location combinations), the interaction
between environments and treatment, and replicates
nested within environments were deemed random effects;
significance of random effects were identified using a
Z-test of the variance estimate. With respects to environ-
ments, each environment only included one market class
of bean. Treatments were identified as fixed effects and
an F-test was used to identify significance (aB0.05).
Data for all evaluation parameters could be combined
for analysis. When required, data were transformed to
meet assumptions of normality; stem AUDPC data
were square root transformed, yield, HSW, L*a*b*,
and glyphosate residue data were log transformed, and
pick and saflufenacil residue data were arcsine square
root transformed. No transformation was required for
leaf or pod AUDPC data. Transformed data were back-
transformed for the purpose of reporting and all treat-
ment comparisons were made using a Fisher’s Protected
LSD, significant at PB0.05.
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RESULTS AND DISCUSSION


Desiccation
Data from the area under the desiccation progress curve
were consistent between leaf, stem, and pod rating
components (Table 1). When saflufenacil was applied
alone or with glyphosate at 100% crop maturity, pod,
stem, and leaf desiccation progressed to the greatest
extent. Over the rating dates examined in this study,
crop desiccation by saflufenacil applied at 100% crop
maturity progressed 1.4�, 1.9�, and 1.4� further than
that of glyphosate applied at the same crop maturity
for the leaf, stem, and pod, respectively. The addition
of glyphosate to saflufenacil at any crop timing did
not increase the rate of desiccation compared with
corresponding application timing of saflufenacil alone.
Across all application timings, the progress of glyphosate
alone as a desiccant was slower than the correspond-
ing saflufenacil alone treatment. Regardless of plant
part, the slowest progressing desiccant treatments were
those sprayed with glyphosate alone at 0 and 25%
crop maturity. Based on the nature of glyphosate and
saflufenacil these results were expected; glyphosate is a
slower acting desiccant than saflufenacil so the AUDPC
would be less than that of saflufenacil for the corre-
sponding application timing. Additionally, desiccation
would be expected to progress to a greater extent when
the herbicides were applied at later crop maturation
timings. Using a modified area under the disease pro-
gress curve equation appears to adequately describe
herbicide desiccation over time, and provides researchers
with an alternative to reporting several individual
desiccation ratings over time.


Bean Yield and Quality
As expected, based on herbicide label recommenda-
tions, no desiccant applied alone or in combination
at 100% maturity reduced bean yield compared with
the untreated control (Table 2). Results from HSW
were similar to yield data with the exception of the
glyphosate�saflufenacil at 100% maturity treatment,
where a 4% reduction in HSW compared with the
untreated control was observed. When glyphosate alone
was applied at 25, 50, or 75% maturity, yields were
comparable with the untreated control; however, HSW
began to decrease when glyphosate was applied prior to
75% crop maturation. Yield and HSW reductions were
noted when saflufenacil, either alone or with glyphosate
was applied at 0, 25, 50, and 75% crop maturity.
Applications of saflufenacil at 75% bean maturity de-
creased crop yield and HSW by 17 and 5%, respectively,
compared with the untreated control. Generally, there
was no difference between any application timing of
saflufenacil alone and its respective application timing
of saflufenacil�glyphosate (Table 2).


Bean pick and L*a*b* ratings were used to deter-
mine if desiccants or desiccant timing affected dry bean
quality. Because the crop is primarily directed towards
the food industry whole seed quality plays an impor-
tant role in crop value. Dry bean pick was only
determined at the six Exeter 2010�2012 locations but
the results mirrored the yield data from all 12 locations.
All herbicide treatments at 100% crop maturity did
not increase percent pick, compared with the untreated
control (Table 2). However, when saflufenacil, either
alone or in combination, was sprayed prior to 100%
maturity an increase in pick was observed. Depending on


Table 1. Edible bean area under desiccation progress curvesz for glyphosate, saflufenacil, and glyphosate�saflufenacil applied at various bean maturities


at Exeter (2009�2012), Carman (2010�2012), and Lethbridge (2011�2012)
Rate


Desiccation


Herbicide (g a.i./a.e. ha�1) Timingy Leaf Stem Pod


Glyphosate 900 0% maturity 266g 85f 181g
Glyphosate 900 25% maturity 311g 98f 231g
Glyphosate 900 50% maturity 340g 124ef 266fg
Glyphosate 900 75% maturity 428f 156e 364e
Glyphosate 900 100% maturity 516e 255d 477bc
Saflufenacilx 50 0% maturity 575de 275cd 362ef
Saflufenacil 50 25% maturity 561de 280cd 374de
Saflufenacil 50 50% maturity 586de 336bc 470bcd
Saflufenacil 50 75% maturity 682abc 414ab 629a
Saflufenacil 50 100% maturity 709a 480a 682a
Glyphosate�Saflufenacil 900�50 0% maturity 611cd 284cd 402cde
Glyphosate�Saflufenacil 900�50 25% maturity 623bcd 309cd 443bcde
Glyphosate�Saflufenacil 900�50 50% maturity 629bcd 351bc 510b
Glyphosate�Saflufenacil 900�50 75% maturity 691ab 402ab 642a
Glyphosate�Saflufenacil 900�50 100% maturity 729a 472a 697a


zArea under desiccation progress curve determined using area under disease progress curve equation.
yDesiccants applied at specified dry bean maturity stage.
xA surfactant/solvent (Merge†) (0.5% vol vol�1) was included with all saflufenacil and glyphosate�saflufenacil treatments.
a�g Means followed by the same letter within a column are not significantly different according to Fisher’s Protected LSD at PB0.05. Stem data
required a square root transformation but were back-transformed for the purpose of reporting.
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the application timing of saflufenacil, pick increased by
as much as threefold compared with treatments sprayed
with saflufenacil at 100% maturity. Aside from the
potential yield losses caused by early saflufenacil appli-
cation, the increase in pick would result in a significant
price penalty for producers. The addition of glyphosate
to saflufenacil applied at any timing did not increase
the percentage pick compared with plots treated with
saflufenacil alone at the respective timing. No treatment
impacted the degree of perceived seed lightness or the
red/green colour, L* or a* values, respectively, compared
with the untreated control (data not shown). However,
slight differences were noted for perceived yellow/blue
hues (b*) (Table 2). Glyphosate applied at any timing
did not alter the b* rating compared with the untreated
control, but when saflufenacil was applied at 0% crop
maturity, either alone or in combination with glyphosate,
seed appeared to be more yellow. Bean seed also ap-
peared more yellow than the untreated control when
saflufenacil�glyphosate was applied at 25 and 50% crop
maturity. Based on the quality rating parameters used
in this study, seed quality does not appear to be affected
when the desiccants are applied at 100% crop maturity,
but quality begins to decrease when either desiccant is
applied earlier than the recommended label timing.


Herbicide Residue
Five treatments (Table 3) had seed residue values above
the accepted 2.0 ppm glyphosate�AMPA values set by
Japanand theEuropeanUnion.Additionally, glyphosate�
saflufenacil applied at 50% maturity (1.7 ppm) was


statistically similar to another treatment with a residue
value of 2.0 ppm; therefore, this treatment was consid-
ered to cause unacceptable residue levels. When glypho-
sate was applied either alone, or with saflufenacil at 75
or 100%, crop maturity glyphosate�AMPA residues
were 1.2 ppm or lower. Although residue values were
still below 2.0 ppm, the application of glyphosate at
75% maturity did increase seed residues compared with
treatments sprayed at 100% maturity. Cessna et al.
(2002) also found that glyphosate and AMPA residues
were lower in field pea, barley, and flax when glyphosate
was applied during the later stages of crop develop-
ment. Despite acceptable glyphosate residue values
when glyphosate�saflufenacil was applied at 75% crop
maturity, there was a 16 and 5.5% reduction in yield
and HSW, respectively. Additionally, percentage pick
more than doubled in navy and cranberry beans follow-
ing glyphosate�saflufenacil application; it would be
unlikely that producers would risk application at 75%
maturity. Earlier glyphosate application at 25 and 50%
bean maturity resulted in unacceptable seed residue
levels, despite the lack of a yield response. Generally,
the addition of saflufenacil to glyphosate, applied at
different crop maturities, did not affect glyphosate�
AMPA seed residues compared with treatments sprayed
with glyphosate alone at the corresponding timing. The
one exception occurred at the 50% crop maturity stage
where the addition of saflufenacil to glyphosate reduced
the concentration of glyphosate�AMPA in dry bean
seed at harvest. The authors suggest that this may be due


Table 2. Edible bean yield, 100-seed weight, pick, and b* data following crop desiccation with glyphosate, saflufenacil, and glyphosate�saflufenacil


applied at various bean maturities at Exeter (2009�2012), Carman (2010�2012), and Lethbridge (2011�2012)
Rate Yield HSWy Pickx


Herbicide (g a.i./a.e. ha�1) Timingz (T ha�1) (g) (%) b*w


Untreated control 2.61a 38.4a 5i 12.3ef
Glyphosate 900 0% maturity 2.15bc 35.7def 14def 12.6cdef
Glyphosate 900 25% maturity 2.43ab 36.6bcde 12efg 12.6cdef
Glyphosate 900 50% maturity 2.39ab 36.7bcd 10efgh 12.4cdef
Glyphosate 900 75% maturity 2.44ab 37.5abc 6hi 12.3def
Glyphosate 900 100% maturity 2.56a 37.8ab 5i 12.1f
Saflufenacilv 50 0% maturity 1.71ef 33.5h 21abc 13.2b
Saflufenacil 50 25% maturity 1.94cde 34.4gh 19bcd 12.8bcde
Saflufenacil 50 50% maturity 1.97cd 35.0fg 16cde 12.8bcd
Saflufenacil 50 75% maturity 2.16bc 36.5bcde 11efgh 12.5cdef
Saflufenacil 50 100% maturity 2.32ab 37.7ab 7ghi 12.3ef
Glyphosate�Saflufenacil 900�50 0% maturity 1.55f 32.1i 27a 13.8a
Glyphosate�Saflufenacil 900�50 25% maturity 1.73def 33.2hi 22ab 13.3ab
Glyphosate�Saflufenacil 900�50 50% maturity 1.95cde 35.2efg 20abcd 12.9bc
Glyphosate�Saflufenacil 900�50 75% maturity 2.20bc 36.3cdef 11efgh 12.5cdef
Glyphosate�Saflufenacil 900�50 100% maturity 2.37ab 36.9bcd 9fghi 12.4cdef


zDesiccants applied at specified dry bean maturity stage.
yHSW, hundred-seed weight.
xPick data were only collected for six Exeter 2010�2012 trials.
wb*, colourimeter yellow-blue.
vA surfactant/solvent (Merge†) (0.5% vol vol�1) was included with all saflufenacil and glyphosate�saflufenacil treatments.
a�i Means followed by the same letter within a column are not significantly different according to Fisher’s Protected LSD at PB0.05. Yield, HSW,
and b* data required a logarithmic transformation, while pick data were arcsine square root transformed. All data were back-transformed for the
purpose of reporting.
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to the rapid leaf necrosis following the application of
saflufenacil, which reduced the translocation of glypho-
sate to the developing seed.


All treatments had saflufenacil seed residues below
the lowest acceptable residue limit of 10 ppb, currently
imposed by the EU (Table 3). There was no difference
in saflufenacil residue concentration in the seed when
the desiccant was applied alone or with glyphosate. The
concentration of saflufenacil residues in the seed de-
creased as application timing was delayed. Although
saflufenacil residues were below 10 ppb, there was a
significant increase in saflufenacil residues remaining in
the seed when the desiccant was applied at 0 and 25%
crop maturity.


As hypothesized, the maturity at which glyphosate
is applied as a desiccant to dry bean does affect seed
residue levels for that herbicide. If glyphosate is applied
prior to beans reaching 75% maturity then glyphosate
residues may exceed acceptable limits of 2.0 ppm.
Application timing of saflufenacil also affects saflufe-
nacil seed residues, although none of the application
timing treatments had residues above 10 ppb. Similar
to glyphosate residue results, earlier applications of
saflufenacil resulted in the highest saflufenacil seed
residues. Although dry bean seed residue values were
acceptable for all application timings with saflufenacil,
crop yield and quality were negatively impacted by
saflufenacil applications at 75% crop maturity or ear-
lier, making early applications of the desiccant unat-
tractive to producers. Therefore, to ensure that foreign


markets continue to accept Canadian dry bean, and
crop yields remain unaffected, processors and producers
must ensure that saflufenacil and glyphosate desiccant
use adheres to label recommendations.
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Table 3. Edible bean glyphosate�AMPA and saflufenacil seed residue data following crop desiccation with glyphosate, saflufenacil, and glyphosate�


saflufenacil applied at various bean maturities at Exeter (2009�2012), Carman (2010�2012), and Lethbridge (2011�2012)
Seed residue


Herbicide
Rate


(g a.i./a.e. ha�1) Timingz
Glyphosate�AMPAy


(ppm)x
Saflufenacil


(ppb)x


Glyphosate 900 0% maturity 4.0a
Glyphosate 900 25% maturity 3.0abc
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transformed for the purpose of reporting.
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Abstract 


 
    The indeterminate nature of lentil (Lens culinaris Medik), in conjunction with adverse field 


conditions, can lead to varying degrees of maturity among plants at harvest. This variable 


maturity may have a negative influence on lentil production and can delay harvest. Desiccants 


are currently used to improve lentil crop dry-down. However, applying desiccants too early may 


result in reduced crop yield and quality, and also leave unacceptable herbicide residues in lentil 


seeds. In addition, only four herbicides (glyphosate, diquat, saflufenacil, and glufosinate) are 


registered as desiccants for lentil desiccation in Canada, which limits options for growers. 


Therefore, the objectives of this thesis were i) to determine the importance of desiccant 


application timing in affecting crop yield and quality, as well as herbicide residues and ii) to 


determine whether additional desiccants applied alone or tank-mixed with glyphosate provide 


better crop desiccation. Field trials were conducted at Saskatoon and Scott, Saskatchewan, from 


2012 to 2014. In the application timing trial, glyphosate or saflufenacil alone, or 


glyphosate+saflufenacil generally decreased seed yield, thousand seed weight, and crop dry-


down, and increased herbicide residue levels at earlier application timings. For example, when 


applied at 60% seed moisture, saflufenacil reduced yield and thousand seed weight by 22% and 


10%, respectively, and resulted in glyphosate and saflufenacil residues greater than 2.0 and 0.03 


ppm, respectively. Although there were no reductions in yield and thousand seed weight when 


desiccants were applied at 50% or 40% seed moisture, glyphosate residue exceeded 2.0 ppm. 


Application of desiccants at 20 or 30% seed moisture content had no effect on yield, thousand 


seed weight, or herbicide residues. These results indicate that desiccant application timing is 


critical, and should not be made before 30% seed moisture. In a second study, glufosinate and 


diquat tank mixed with glyphosate were the most consistent desiccants and provided optimal 


crop dry-down without reducing yield and thousand seed weight, and effectively reduced 


glyphosate residue. The other herbicides tested (pyraflufen-ethyl and flumioxazin) were found to 


be poor options for growers as they had sub-optimal crop desiccation and did not affect 


glyphosate residue. 
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1.0 Introduction 


 


    Lentil (Lens culinaris Medik) is a member of the legume family (Muehlbauer et al., 1985; 


Muehlbauer and McPhee, 2005; Sandhu and Singh, 2007; Erskine et al., 2009; Boye, 2013). It 


has long been considered part of a healthy diet due to its high protein, carbohydrate, energy, and 


vitamin content (Muehlbauer et al., 1985; Grusak, 2009; Boye, 2013). Canada has been the 


leading lentil exporter in the world market, marketing lentil to more than 100 countries 


(Agricultural and Agri-Food Canada, 2013a; Saskatchewan Ministry of Agriculture, 2010; Pulse 


Canada, 2014). Saskatchewan is the major lentil-growing province in Canada because of its cool 


temperature and fertile soils for lentil growth (Saskatchewan Ministry of Agriculture, 2010; 


Statistics Canada, 2014).  


    Lentil plants have an indeterminate growth habit, resulting in variable maturity at harvest 


(Saxena, 2009), which may result in a delayed harvest (Saskatchewan Pulse Growers, 2011; 


Alberta Pulse Growers, 2013). Late-season weeds and unfavorable weather are the other factors 


that can delay harvest, often reducing lentil seed yield and quality (Yenish et al., 2009; 


Saskatchewan Pulse Growers, 2011; Alberta Pulse Growers, 2013). In order to facilitate lentil 


dry-down and prevent weed interference, desiccants are widely used by producers at late crop 


growth stages (Riethmuller et al., 2005; Ali et al., 2009; Saskatchewan Pulse Growers, 2011; 


Schemenauer, 2011; Alberta Pulse Growers, 2013). Currently, glyphosate, diquat, saflufenacil 


and glufosinate are registered for lentil desiccation (Saskatchewan Ministry of Agriculture, 2014; 


Fleury, 2015). Glyphosate is a popular pre-harvest herbicide in western Canada due to excellent 


perennial weed control (Baylis, 2000; Schemenauer, 2011; Saskatchewan Pulse Growers, 2011; 


Saskatchewan Ministry of Agriculture, 2014). It must be translocated to target sites via the 


phloem to cause plant mortality (Devine et al., 1993). Thus, it is considered a slow-acting 


herbicide, resulting in slow crop desiccation (Baylis, 2000; Duke and Powles, 2008; 


Saskatchewan Ministry of Agriculture, 2014). In contrast, diquat, glufosinate and saflufenacil are 


contact or contact-like herbicides (Devine et al., 1993), and affect the crop more rapidly than 


glyphosate (Schemenauer, 2011). However, they frequently do not provide perennial weed 


control because they have very limited-to-no translocation in plants (Schemenauer, 2011). Thus, 


it may be beneficial for producers to apply a tank-mixture of glyphosate and a contact herbicide 


to achieve rapid, uniform crop desiccation and adequate weed control.  
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 2 


    Herbicide residues in the seed can be a major concern for exporters when desiccants are 


applied at advanced crop growth stages. Importing countries often will reject lentils if residues 


exceed the maximum residue limit (MRL) (Bryant Christie Inc., 2015). This issue received 


sizeable attention in 2011 as Canadian lentils were not accepted by the European Union because 


glyphosate residue was over the established MRL of 0.1 part per million (ppm) (Pratt, 2011). 


Likewise, Canadian dry beans (Phaseolus vulgaris L.) were rejected by Japan because excess 


levels of glyphosate residue were detected in seeds (Sprague, 2012). Timely application of 


desiccants is therefore crucial, as improper application timing can result in reductions in seed 


yield and quality (Whigham and Stroller, 1979; Azlin and McWhorter, 1981; Cerkauskas et al., 


1982; Ratnayake and Shaw, 1992; Ellis et al., 1998; Bennett and Shaw, 2000a; Darwent et al., 


2000; Wilson and Smith, 2002; Boudreaux and Griffin, 2011; Soltani et al., 2013), and leave 


unacceptable herbicide residues in seeds (Cessna et al., 1994, 2000; 2002). Desiccants should be 


applied when crops are close to or at physiological maturity and nearing harvest maturity 


(Saskatchewan Ministry of Agriculture, 2014).   


    Currently, few herbicides are available for lentil desiccation in Canada. It is possible that 


Canadian producers could improve their competitive ability in the global marketplace if 


additional desiccants were available. Pyraflufen-ethyl and flumioxazin (contact herbicides) have 


not been registered as desiccants in lentil, but they are used in desiccating other crops. For 


example, pyraflufen-ethyl effectively desiccated potato without adverse impacts on harvested 


tuber stem quality (Ivany, 2005; Nichino Europe Co. Limited, 2012). Flumioxazin enhanced dry 


bean desiccation and provided good residual weed control (Valent Canada, Inc., 2009; Soltani et 


al., 2013). Therefore, these two herbicides have the potential to be desiccants for lentil 


production.  


    Research on desiccants has been conducted in legume plants such as soybean (Glycine max 


L.), dry bean, and field pea (Pisum sativum L.) (Retnayake and Shaw, 1992; Ellis et al., 1998; 


Bennett and Shaw, 2000a; Willson and Smith, 2002; Baig et al., 2003; Soltani et al., 2013; 


McNaughton et al., 2015). However, there is little research on the effects of desiccants in lentil 


production, particularly on lentil desiccation, seed yield, and herbicide residues. The effective 


application timing of desiccants is important knowledge for producers to avoid unacceptable 


herbicide residues, and to retain optimal crop yield and quality. Thus, the overall objective of this 


thesis was to improve the use of desiccants in lentil production in western Canada. Specifically, 
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the thesis objectives were two-fold: 1) to determine the effect of desiccant application timing on 


lentil desiccation, seed yield, quality, and herbicide residues and 2) to determine the response of 


lentil to various desiccants applied alone or in tank mixture with glyphosate. 
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2.0 Literature Review 


 


2.1 Lentil growth habit, global production, and uses 


 
    Lentil (Lens culinaris Medik) is an annual plant species with a taproot (Saxena, 2009; 


Saskatchewan Ministry of Agriculture, 2010; Saskatchewan Pulse Growers, 2011). The general 


height of lentil ranges from 20 to 30 cm, but it can reach upwards of 75 cm depending on 


environmental conditions (Muehlbauer et al., 1985). Similar to other pulse crops, it exhibits 


variation at maturity because of its indeterminate growth habit, which can be significantly 


influenced by environmental conditions and lentil variety (Saxena, 2009; Government of 


Saskatchewan, 2010; Saskatchewan Pulse Growers, 2011). As a result, both immature and 


mature pods on a plant may be observed at the same time (Saxena, 2009; Government of 


Saskatchewan, 2010; Saskatchewan Pulse Growers, 2011). Generally, varieties with longer 


maturities produce a more indeterminate growth habitat (Saskatchewan Pulse Growers, 2011). 


Lentil varieties exhibit variation in seed size, as well as hairiness and colour of the leaves, 


flowers, and seeds (Sandhu and Singh, 2007; Muehlbauer et al., 2009). Normally, lentil can be 


divided into two types by size: large seeded (macrosperma) and the small to medium seeded 


(microsperma) (Sandhu and Singh, 2007; Muehlbauer et al., 2009; Saskatchewan Ministry of 


Agriculture, 2010). Lentil can also be classified based on seed coat and cotyledon colour, which 


includes green, red, or brown lentils (Sandhu and Singh, 2007; Muehlbauer et al., 2009; 


Saskatchewan Ministry of Agriculture, 2010). 


    Lentil is one of the oldest domesticated plants under cultivation (Muehlbauer et al., 1985; 


Harlan, 1992), and is believed to have been first planted in southwest Asia (Saskatchewan 


Ministry of Agriculture, 2010). It is among the major pulse crops grown worldwide (McNeil et 


al., 2007). World lentil production was about 4.9 million tonnes in 2013 (FAOSTAT, 2015).  


    Lentil is consumed in many parts of the world as an important part of daily food intake 


because of its high nutritional level (Singh, 1999; Ghosh et al., 2007; Urbano et al., 2007; 


Grusak, 2009; Boye, 2013). Its seeds contain substantial protein, minerals, and vitamins, which 


are important for human health (Bhatty, 1988; Urbano et al., 2007; Grusak, 2009; Boye, 2013). 


More specifically, lentil has the highest protein level (following soybeans) among vegetables 


(Bhattacharya et al., 2005). Lentil provides most essential amino acids, some of which are 
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required by humans but are difficult to obtain in cereal-based diets (Erskine et al., 2009). Lentil 


contains greater levels of essential amino acids such as lysine, arginine and leucine, than other 


cool season pulse crops (Erskine et al., 2009). Its seed also contains various minerals including 


potassium, phosphorus, calcium, magnesium, copper, iron and zinc (Bhatty, 1988; Urbano et al., 


2007; Grusak, 2009). It is high in water-soluble vitamins, especially B vitamins (Bhatty, 1988; 


Urbano et al., 2007; Grusak, 2009). Lentil has a relatively short cooking time, especially small 


lentil varieties, compared with other dried grain legumes (Muehlbauer and McPhee, 2005; Yadav 


et al., 2007).  


    Apart from human consumption, lentil straw can also be used to feed livestock (Erskine et al., 


1990). Muehlbauer et al. (1985) reported that lentil straw contains approximately 4.4% protein 


and 50% carbohydrate. Furthermore, there is a symbiotic relationship between lentil and 


Rhizobium bacteria, which can provide lentil with biologically fixed nitrogen (Government of 


Saskatchewan, 2007; Quinn, 2009). In turn, the rhizobium bacteria receive nutrients and water 


from lentil (Government of Saskatchewan, 2007; Quinn, 2009). Consequently, lentil demands 


less nitrogen fertilizer than other crops, such as cereals and oilseeds (AAFC, 2013b).  


 


2.2 Lentil in Canada 


 


    Canada has been the largest lentil exporting country in the world since 2005 (AAFC, 2013b; 


Saskatchewan Ministry of Agriculture, 2010; Pulse Canada, 2014). In the past decade, lentil 


production in Canada has increased from 1.1 to 2.0 million tonnes as growers have increased the 


number of hectares on which lentil is grown, largely due to increased production efficiency 


(Figure 2.1) (FAOSTAT, 2015; Statistics Canada, 2015). Most (99%) of the lentils grown in 


Canada are produced in Saskatchewan, with some grown in southern Alberta and Manitoba 


(Pulse Canada, 2014). The Brown, Dark Brown, and Black soil zones of Saskatchewan provide 


adequate soil and climatic conditions for lentil growth, although the majority of lentils are grown 


in the Brown and Dark Brown soils zones (Saskatchewan Pulse Growers, 2011; Statistics 


Canada, 2014).  
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                       Figure 2.1 Lentil production data in Canada from 2005 to 2014. 


 


    Red lentil is more predominant than the other classes and accounts for about 60% of lentil 


production in global trade (Erskine et al., 2009; Saskatchewan Ministry of Agriculture, 2010; 


Vandenberg and SK Crops Branch, Saskatchewan Agriculture, 2010; Statistics Canada, 2014). 


Although large green lentil is the main seed coat color in western Canada (AAFC, 2013a and 


2013b), red lentil is becoming more popular for lentil producers in western Canada due to 


increased demand from the world market (Government of Saskatchewan, 2010; Vandenberg and 


SK Crops Branch, Saskatchewan Agriculture, 2010). CDC Maxim, a red lentil cultivar, has 


gained popularity in Canada during recent years (Government of Saskatchewan, 2010). CDC 


Maxim has a grey seed coat and small seed size, similar to CDC Redberry. This lentil variety is 


high yielding compared with other red lentil varieties (Vandenberg and SK Crops Branch, 


Saskatchewan Agriculture, 2010) and is also resistant to ascochyta blight (Ascochyta lentis 


Vassilievsky) and anthracnose (Colletotrichum truncatum (Schwein.) Andrus and Moor) 


(Government of Saskatchewan, 2010). In addition, CDC Maxim has been bred to tolerate 


imidazolinone (Group 2) herbicides, which aids in weed control (Government of Saskatchewan, 


2010).  
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    Lentil plants are well adapted to a low temperature environment and also tolerate drought 


better than other legume crops (Andrews and McKenzie, 2007; Saskatchewan Ministry of 


Agriculture, 2010; Saskatchewan Pulse Growers, 2011). Lentils are sown in early spring in 


Canada, and generally reach maturity at 75 to 100 days after planting (Saxena, 2009). Lentil can 


grow well in soil pH ranging from 6.0 to 8.0 (Ali et al., 2009; Saskatchewan Pulse Growers, 


2011), but is sensitive to excessive water and high soil salinity (Materne and Siddique, 2009; 


Saskatchewan Pulse Growers, 2011). Diseases are another factor that can lower seed yield and 


quality. For example, ascochyta blight (Ascochyta lentis Vassilievsky) and anthracnose 


(Colletotrichum truncatum (Schwein.) Andrus and Moor) can cause considerable economic 


losses (Chen et al., 2009; Saskatchewan Ministry of Agriculture, 2010; Saskatchewan Pulse 


Growers, 2011).  


 


2.3 Lentil harvesting 


 


    Because of its indeterminate nature, harvesting lentil can be a challenge. The extent of that 


challenge can also vary with cultivar due to differences in maturity. There are two major 


advantages of early-maturing lentil cultivars compared with later-maturing cultivars 


(Saskatchewan Ministry of Agriculture, 2010). First, shorter maturation times can prevent 


flowering at mature stages, which would occur late in the season (Saskatchewan Ministry of 


Agriculture, 2010). Secondly, early maturing lentil often matures prior to fall frost 


(Saskatchewan Ministry of Agriculture, 2010).  


    For most lentil growers, harvesting the crop during the cool fall temperatures can be 


challenging (Muehlbauer et al., 2002; Saskatchewan Ministry of Agriculture, 2010; 


Saskatchewan Pulse Growers, 2011). Downgrading can result from delayed harvest under cool 


environmental conditions, resulting in decreased seed yield and quality (Riethmuller et al., 2005; 


Saskatchewan Pulse Growers, 2011; Alberta Pulse Growers, 2013). Lentil pods can shatter and 


drop from ripe pods when harvest is delayed (Riethmuller et al., 2005; Saskatchewan Pulse 


Growers, 2011; Alberta Pulse Growers, 2013). Moden et al. (1986) reported that one third of 


lentil yield loss resulted from mature pod shatter. Yield is generally maximized by preventing 


shatter loss instead of waiting for less mature pods to dry down (Saskatchewan Pulse Growers, 


2011). Nevertheless, plants are likely to be influenced by environmental conditions such as those 
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that delay harvest (Riethmuller et al., 2005). This can be problematic as harvest delays can 


produce lentil seeds with low moisture content, which are more susceptible to mechanical 


damage when harvested (Tang et al., 1992). Similar issues exist in soybean production as 


Philbrook and Oplinger (1989) observed that decrease of soybean yield increased steadily at a 


rate of 0.2 % per day due to mechanical damage in late-harvested soybeans. 


    In light of the aforementioned issues, most growers try to harvest lentil as early as possible 


(Ali et al., 2009; Saskatchewan Pulse Growers, 2011; Alberta Pulse Growers, 2013). However, 


the uneven maturity in lentil can reduce harvest efficiency (Ghosh et al., 2007; Saskatchewan 


Pulse Growers, 2011). In addition, lentil can revert back to vegetative growth under wet weather, 


and it will keep growing vegetatively until adverse conditions terminate growth (Government of 


Saskatchewan, 2010; Saskatchewan Pulse Growers, 2011). Although producers can wait for 


lentil crops to dry-down evenly, longer dry-down periods may pose a higher risk of disease 


infection, lead to pod shatter, or increase the risk for weather-related seed quality problems 


(Saskatchewan Pulse Growers, 2011). Such conditions necessitate the use of desiccants to 


defoliate and dry the crop down for harvesting operations.  


 


2.4 Weed competition in lentil 


 


    Weed control in lentil is a major issue for lentil producers (Brand et al., 2007; Yenish et al., 


2009). Lentil is generally considered a poorly competitive crop against weeds because of its 


short height and poor early season vigor (Brand et al., 2007; Yenish et al., 2009). The yield 


reduction in lentil associated with weeds has been reported to be as high as 80% (Brand et al., 


2007). Thus, it is important to manage weeds in lentil to maximize seed yield (Brand et al., 2007; 


Yenish et al., 2009). Although late emerging weeds have few adverse effects on the absorption of 


water, nutrients, and radiation, they play a significant role in decreasing seed quality, grain yield 


and harvestability (Gabe, 1994; Brand et al., 2007; Yenish et al., 2009). Late emerging weeds 


can decrease lentil seed grade because green weeds increase plant moisture content and dockage 


in the harvested seed (Gabe, 1994; Brand et al., 2007; Yenish et al., 2009; Saskatchewan Pulse 


Growers, 2011). Green weeds at harvest also can lower crop harvest operation efficiency 


(Muehlbauer et al., 2002; Brand et al., 2007; Yenish et al., 2009). For example, some perennial 


weeds like Canada thistle (Cirsium arvense L.) or dandelion (Taraxacum officinale L.) can make 
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swathing or straight cutting more difficult because of green stems sticking to the cutter bar 


(Muehlbauer et al., 2002; Saskatchewan Pulse Growers, 2011). Therefore, it is desirable to 


desiccate late emerging weeds prior to lentil harvest (Gabe, 1994; Brand et al., 2007; Yenish et 


al., 2009). 


    Traditionally, economic thresholds ignored the threat of late season weed seed production 


because they rarely reduce the yield of the cultivated crop (Bagavathiannan and Norsworthy, 


2012). Late-season weed seeds are a source of seed bank replenishment, however, resulting in 


future weed problems and an increased potential for herbicide resistance (Bagavathiannan and 


Norsworthy, 2012; Norsworthy et al., 2012; Norsworthy et al., 2014). A new push in weed 


science towards a zero-tolerance threshold has recently garnered attention because it attempts to 


prevent all weeds that are prone to resistance from escaping control. Moreover, it is necessary for 


long-term weed control, especially for a weed species with excess seed production and rapid 


dispersal (Bagavathiannan and Norsworthy, 2012; Norsworthy et al., 2012; Norsworthy et al., 


2014). Bagavathiannan and Norsworthy (2012) suggested that pre-harvest application of 


herbicides is an excellent way to manage late growing weed seed escapes due to the adverse 


effects of desiccants on weed seed production and vigor.  


 


2.5 Pre-harvest desiccants 


 


    In order to improve lentil seed yield, quality, and harvest efficiency, some pre-harvest 


treatments are used to desiccate crops quickly and uniformly (Riethmuller et al., 2005; 


Saskatchewan Pulse Growers, 2011; Schemenauer, 2011; Alberta Pulse Growers, 2013; Fleury, 


2015). These also dry-down green weeds in the field, and some can provide weed control, 


especially for perennial weeds (Riethmuller et al., 2005; Ali et al., 2009; Saskatchewan Pulse 


Growers, 2011; Schemenauer, 2011; Alberta Pulse Growers, 201; Fleury, 20153). Therefore, 


chemical desiccation is a practical and popular harvest aid in lentil production. Chemical 


desiccation requires less time to dehydrate the lentil crop to a suitable seed moisture for harvest 


compared to swathing or natural dry-down (Tang et al., 1992). Herbicides applied as pre-harvest 


aids destroy the plant and prevent it from taking water or nutrients up from the soil (Tang et al., 


1992). Riethmuller et al. (2005) reported that lentil yield under desiccated treatments was higher 


than under machine harvesting treatments that did not receive any desiccation. The authors 
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concluded that chemical desiccation is a rapid way to dry-down lentil crops. Chemical 


desiccation may exhibit greater performance in retaining seed yield and quality compared with 


swathing without any chemical desiccants, as the longer lentil is exposed to adverse environment 


conditions, the greater the yield losses and seed quality reductions (Tang et al., 1992; 


Saskatchewan Pulse Growers, 2011).   


    The function of chemical desiccants for achieving successful harvest has been widely studied 


by a number of researchers in the other crops. For instance, Ellis et al. (1998) conducted 


experiments to determine the influence of numerous herbicides (glyphosate, glufosinate, 


paraquat, oxyfluorfen, sodium chlorate and bromoxynil) as desiccants on yield and weed control 


in soybeans. They reported that most treated plots had similar yield to untreated plots after 


desiccant treatments were applied (Ellis et al., 1998). Likewise, desiccants applied to soybean at 


various application timings effectively accelerated soybean desiccation compared to untreated 


controls for both indeterminate and determinate soybean cultivars (Boudreaux and Griffin, 


2011). Soltani et al. (2013) applied diquat, carfentrazone-ethyl, glufosinate, flumioxazin or 


saflufenacil alone or tank-mixed with glyphosate as desiccants to dry bean. None of the 


treatments influenced crop yield, and all but carfentrazone-ethyl provided consistent crop 


desiccation (Soltani et al., 2013). The benefits of desiccants in wheat (Triticum aestivum L.) were 


reported by Darwent et al. (1994). Their results showed significant reductions in wheat seed and 


foliage moisture contents following glyphosate application between 20% to 40% seed moisture 


content (Darwent et al., 1994). Similarly, Gubbels et al. (1993) found that desiccants applied to 


flax (Linum usitatissimum L.) desiccated leaves, capsules, and most stems more uniformly than 


the untreated control, but diquat and glufosinate-ammonium provided a shorter capsule dry-down 


period (about 1 week) compared with glyphosate (about 2 weeks). Research conducted on rice 


showed that desiccants accelerated crop desiccation by reducing harvest moisture content 


without yield loss when they were applied at the proper moisture content (Bond and Bollich, 


2007). Collectively, these studies demonstrate the advantages of using desiccants for rapid and 


uniform crop dry-down, thereby allowing easier harvesting in numerous crops.  


    It has also been suggested that combinations of desiccants may have similar or improved 


effects on increasing harvest efficiency compared to those traditional products containing only 


one desiccant (Ellis et al., 1998; Bennett and Shaw, 2000a; Soltani et al., 2013). Ellis et al. 


(1998) evaluated the influence of herbicide combinations including paraquat, glyphosate, 
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oxyfluorfen and bromoxynil in combination with sodium chlorate. Their data showed that those 


herbicide combinations increased weed control without concomitant soybean yield losses (Ellis 


et al., 1998). Bennett and Shaw (2000b) also confirmed that herbicide combinations had good 


pre-harvest effects on the control of late emerging weeds in soybean. They observed that the 


application of paraquat tank-mixed sodium chlorate effectively reduced Sesbania exaltata (L.) 


seed growth in subsequent years by allowing less time for seed maturation (Bennett and Shaw, 


2000b). A more recent study by Soltani et al. (2013) showed that diquat, carfentrazone-ethyl, 


glufosinate ammonium, flumioxazin, and saflufenacil tank-mixed with glyphosate facilitated dry 


bean desiccation and weed control.  


    In addition to improved crop dry-down and weed control, applying tank-mixtures of 


herbicides as desiccants is also helpful for managing herbicide resistance. This strategy can 


reduce selection pressure on resistant-prone weeds for some vulnerable herbicides (Wrubel and 


Gressel, 1994). Compared with applying herbicides individually, the combination of two or more 


herbicides with different modes of action may be useful to reduce the rate of resistance to both 


herbicides (Wrubel and Gressel, 1994). 


 


2.6 Properties of chemical harvest aids  


 


    Chemical desiccation products can be classified into two groups. One group is called a true 


desiccant, and consists of herbicides with contact action and rapid activity. For example, diquat 


(Reglone®) is a true desiccant because it rapidly desiccates plants with virtually no translocation 


in the plant (Schemenauer, 2011). The other group consists of pre-harvest aids or systemic 


herbicides with slower dry-down effects on the crop, such as glyphosate (Schemenauer, 2011).  


    In Canada, diquat (Group 22), which is highly toxic to mammals, is registered as a desiccant 


in lentils (Fleury, 2015; Saskatchewan Ministry of Agriculture, 2014). It is a non-selective, 


contact herbicide (Cobb and Reade, 2010; Saskatchewan Ministry of Agriculture, 2014). Diquat 


rapidly desiccates all plant tissue that the product contacts (Schemenauer, 2011). Although it can 


translocate in the xylem, translocation is limited by rapid desiccation. Thus, adequate coverage 


of the plant is important to achieve good desiccation (Saskatchewan Ministry of Agriculture, 


2014). Diquat is stable under physiological pH values and binds to the soil tightly, so it exhibits 


no soil activity or soil residual problems (Cobb and Reade, 2010).  
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    Diquat affects the electron transport chain of photosynthesis at Photosystem I, disrupting 


internal cell membranes by disrupting proteins and lipids (Fuerst and Norman, 1991; Cobb and 


Reade, 2010). More specifically, diquat works as a catalyst and diverts electrons from the 


electron carrier FeSAB, which is a protein-bound iron-sulfur molecule that transports electrons to 


ferredoxin (Fuerst and Norman, 1991; Cobb and Reade, 2010). Those diverted electrons react 


with oxygen and form ultra-reactive hydroxyl radicals, which peroxidize proteins and lipids, 


resulting in rapid plant desiccation (Fuerst and Norman, 1991; Cobb and Reade, 2010). 


Typically, lentil can be harvested 7 to 10 days after treatment with diquat (Schemenaure et al., 


2011; Alberta Pulse Growers, 2013; Saskatchewan Ministry of Agriculture, 2014), and although 


reduced sunlight will prolong the dry-down period, it will produce a more even, thorough dry-


down due to increased (although still limited) translocation of the product. Diquat application is 


recommended when seeds have reached 30% moisture content (Saskatchewan Ministry of 


Agriculture, 2014). 


    Glufosinate is also registered as a desiccant for lentil in Canada (Fleury, 2015). It is a contact 


herbicide with low toxicity to mammals. Glufosinate is non-selective and can translocate in the 


phloem and xylem, but like diquat, movement is limited by its rapid activity. Glufosinate is a 


Group 10 product that exhibits activity as a glutamine synthetase inhibitor, binding to glutamine 


synthetase irreversibly and limiting the conversion of glutamate and ammonium into glutamine 


(Devine et al., 1993; Cox et al., 1996; Cobb and Reade, 2010). Plant death occurs from the 


accumulation of inorganic ammonium or glyoxylate, which inhibits RUBISCO and reduces the 


efficiency of photosynthesis (Devine et al., 1993; Cobb and Reade, 2010). Glufosinate should be 


applied to lentil when 40 to 60% of pods are turning brown (Saskatchewan Ministry of 


Agriculture, 2014).  


    Glyphosate was developed by the Monsanto Company and first marketed in 1974; today it is 


one of the most used herbicides in the world (Ashigh and Hall, 2010). Glyphosate is a non-


selective herbicide and has low toxicity to mammals. Unlike diquat or glufosinate, which both 


have rapid, contact action, glyphosate is a broad-spectrum systemic herbicide that is translocated 


in the phloem and xylem and slowly inhibits plant growth (Devine et al., 1993; Cobb and Reade, 


2010; Saskatchewan Ministry of Agriculture, 2014). Therefore, glyphosate is not a true 


desiccant, but has nevertheless been registered as a harvest aid in lentil. It is typically applied in 


pulse crops to control perennial weeds and to assist in crop dry-down (Schemenaure et al., 2011; 
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Alberta Pulse Growers, 2013). The unique mode of action of glyphosate involves the inhibition 


of 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), an important enzyme in the shikimate 


pathway used to produce aromatic amino acids in plants (Devine et al., 1993; Reddy et al., 2004; 


Duke and Powles, 2008; Ashigh and Hall, 2010; Cobb and Reade, 2010). Inhibition of EPSPS 


also leads to the accumulation of shikimate or shikimate-3-phosphate (Devine et al., 1993; Cobb 


and Reade, 2010). However, plant death by EPSPS inhibition is still not fully understood (Duke 


and Powles, 2008), but it is believed that plant death occurs from the starvation of aromatic 


amino acids and carbon, as well as from the accumulation of toxic intermediates such as 


shikimate or shikimate-3-phosphate (Duke and Powles, 2008). Glyphosate is typically applied to 


lentil when the lower 35% of the pods have turned brown (Schemenauer, 2011; Saskatchewan 


Ministry of Agriculture, 2014). 


    Recently, some relatively new desiccants have proven to be beneficial in enhancing lentil dry-


down. Saflufenacil (Group 14), developed by BASF, can inhibit the protoporphyrinogen IX 


oxidase (PPO) enzyme, which converts protoporphyriogen IX to protoporophyrin IX (Soltani et 


al., 2010; Ashigh and Hall, 2010; Grossmann et al., 2010). The inhibition of the PPO enzyme 


prevents biosynthesis of chlorophyll and heme (Matrige et al., 1992; Grossmann et al., 2010), 


ultimately leading to cell membrane destruction and necrosis (Duke et al., 1991; Grossman et al., 


2010). Saflufenacil is a relatively new PPO inhibitor that is utilized in broadleaf weed control for 


small grains, and for desiccating crops such as sunflowers (Helianthus L.) (United State 


Environmental Protection Agency, 2009). Although normally applied to the plant foliage, this 


herbicide is absorbed by both the roots and leaves of plants (Soltani et al., 2010). Saflufenacil 


has mobility in both the phloem and xylem, but exhibits limited translocation in the phloem 


(Soltani et al., 2010). This property of saflufenacil is unique as most other Group 14 products 


have movement in the xylem only (Soltani et al., 2010). Saflufenacil has relatively low toxicity 


to mammals and has a short persistence in soil (United State Environmental Protection Agency, 


2009; Soltani et al., 2010). Similar to glyphosate, the optimal timing for saflufenacil (when used 


as a harvest aid in lentil) is when 15% of bottom pods are mature and brown with ripened seeds 


inside (BASF, 2014). 


    Pyraflufen-ethyl and flumioxazin are also PPO-inhibitors that are classified as Group 14 


products (Saskatchewan Ministry of Agriculture, 2014). Both are translocated in the xylem and 


both are used sporadically for dry-down. Pyraflufen-ethyl was primarily introduced to control 
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broadleaved weeds in cereal crops in 1993 (Miura, 2003), and was labeled as a harvest aid in 


cotton (Gossypium hirsutum L.) and potatoes (Solanum tuberosum L.) (Ivany, 2005; Nichino 


Europe Co. Limited, 2012). Pyraflufen-ethyl is a contact herbicide and has rapid foliar impacts 


on plants (Nichino Europe Co. Limited, 2012). As a desiccant for cotton and potato, its 


application timing should be the onset of natural senescence of potato, or achieving adequate 


cotton bolls (Nichino Europe Co. Limited, 2012).   


    Flumioxazin (Group 14), developed by Valent U.S.A., provides residual weed control and 


good desiccation of dry bean (Valent Canada, Inc., 2009; Soltani et al, 2013). It is a new option 


for controlling weeds that are resistant to Group 2 and 5 herbicides (Valent Canada, Inc., 2009). 


Flumioxazin is a contact herbicide that can provide control of many weeds including pigweeds 


(Amaranthus palmeri L.), common ragweed (Ambrosia artemissifolia L.), dandelion, green 


foxtail (Setaria viridis L.), common lamb’s quarters (Chenopodium album L.) (Valent Canada, 


Inc., 2009). It can dissipate in water and soil rapidly, resulting in low herbicide residue for crop 


rotations (Valent Canada, Inc., 2009). To date, there is no registration of flumioxazin for use as a 


lentil desiccant. 


 


2.7 Limitations of chemical harvest aids 


 


    Desiccants have been widely used as harvest aids by producers, but they may also have some 


limitations. First, improper application timing of these harvest aids may have adverse effects on 


crop seed yield and quality, resulting in economic losses (Fleury, 2015). Research on soybean 


has indicated there could be reductions in crop yield and quality if desiccants are used at an 


improper crop stage (Whigham and Stroller, 1979; Cerkauskas et al., 1982; Ratnayake and Shaw, 


1992; Ellis et al., 1998; Bennett and Shaw, 2000a; Boudreaux and Griffin, 2011). Thus, the 


application timing of desiccants is critical. Boudreaux and Griffin (2011) reported that applying 


desiccants at 60% seed moisture content reduced the yield of indeterminate soybean cultivars by 


15.4%, and decreased 100-seed weight by 12.4%. The authors reported that some of the soybean 


seeds at the top of the plant had not reached physiological maturity at the early application 


timing (about 60% seed moisture content); consequently, yield loss and reduced seed weights 


were observed compared to delayed applications (Boudreaux and Griffin, 2011). Similar results 


have been reported by Bennett and Shaw (2000a). Their results showed a decrease in soybean 
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yield, seed weight, and the subsequent germination, emergence and seedling growth of seedlings 


when desiccants were applied before the R7 (beginning of maturity) crop stage of soybean 


(Bennett and Shaw, 2000a). Apart from the research on soybean desiccation, application timing 


of desiccants on other crops has also demonstrated the importance of proper application timing. 


Moyer et al. (1996) noted that alfalfa was adequately desiccated by glufosinate without yield loss 


when approximately 60% of the pods had turned brown.  


    Accumulation of herbicide residues in crop seed is another important concern with the use of 


desiccants. The chemical residue of desiccation products can be detected in harvested seeds if 


they are applied too late in the seed development. In some cases, the active ingredient can be 


translocated into growing seeds, which increases the amount of residue that accumulates in the 


seed (Cessna et al., 1994, 2000; 2002). For example, the accumulation of glyphosate and its 


metabolites, aminomethylphosphonic acid (AMPA), may cause problems for Canadian lentil 


exports. Some countries have set their own maxim residue limits (MRLs) and thus, harvested 


seeds with levels exceeding the MRL cannot be exported to those countries. In order to avoid 


financial losses and trade restrictions due to MRLs in harvested seed, growers must ensure 


herbicide residues are below the MRL for any given crop. Herbicide residues can be influenced 


by herbicide rates, application timing, and the environmental conditions at the time of 


application (Cessna et al., 1994, 2000; 2002). Producers are recommended to follow the product 


label for appropriate application timing and use rate, and check MRLs of different international 


markets. Table 2.1 shows the various glyphosate and saflufenacil MRLs in lentils for the 


European Union, International standards, Japan, United States, and Canada (Bryant Christie Inc., 


2015). 


 
        Table 2.1 Maximum Residue Limits (MRLs) in parts per million (ppm) in lentil for European Union,    
        International CODEX (International standards), Japan, United States and Canada. Adapted from Global MRL  
        Database (Bryant Christie Inc., 2015). 
 


 Established MRLs 


Herbicide European Union International codex Japan United States Canada 
 ppm 


Glyphosate 10.00 5.00 2.00 8.00 4.00 
Saflufenacil   0.03 0.30 0.30 0.30 0.30 
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    In some cases, certain desiccants may not be recommended depending on the crop and its 


potential end use. For example, products containing glyphosate are not recommended when lentil 


is grown for seed because glyphosate can cause low seed germination, vigor, and yield (Alberta 


Pulse grower, 2013). Yenish and Young (2000) found that there were adverse effects on 


germination rate, thousand seed weight, seedling density and height compared with untreated 


wheat when glyphosate was applied at the milk stage of wheat development. Similar results were 


shown in field pea, whereby the authors attempted to assess the effects of glyphosate on 


subsequent seedling emergence and vigor (Baig et al., 2003). This research suggested that 


glyphosate could not be recommend as a harvest aid if the crop was to be grown for seed because 


of seedling damage, including low seedling vigor and germination (Baig et al., 2003). These 


abnormalities may be caused by vascular tissue differentiation of the proembryo and immature 


embryo resulting from reduced accumulation of storage protein polypeptides (Shuma and Raju, 


1993).  
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3.0 Impact of Glyphosate and Saflufenacil Application Timing on Lentil Seed 


Yield, Quality and Herbicide Residues  


 


3.1 Introduction 


 


    Lentil is one of the most important pulse crops in western Canada, with production totals of 


1.5 million tonnes in 2011 (Statistics Canada, 2014). Saskatchewan is the major lentil producer 


in Canada, accounting for 96% of the total harvested area (AAFC, 2013b). However, the 


indeterminate growth habit of lentil combined with variability in field conditions can result in 


non-uniform maturity (Saxena, 2009), which may decrease seed quality and slow harvesting 


operations (Saskatchewan Pulse Growers, 2011; Alberta Pulse Growers, 2013). Thus, growers 


typically desiccate the lentil crop once it reaches physiological maturity (Saskatchewan Pulse 


Growers, 2011; Schemenauer, 2011; Alberta Pulse Growers, 2013). Desiccating lentil can 


improve lentil dry down and control late-emerging weeds, which allows for early harvesting and 


enhances lentil harvest efficiency (Riethmuller et al., 2005; Ali et al., 2009; Saskatchewan Pulse 


Growers, 2011; Schemenauer, 2011; Alberta Pulse Growers, 2013).  


    Some herbicides are registered in Canada as desiccants to promote lentil desiccation. 


Examples include diquat, glyphosate, saflufenacil, and glufosinate (Saskatchewan Ministry of 


Agriculture, 2014). These herbicides are applied late in the growing season and consequently, 


herbicide residue can be detected in seeds and may cause trade issues if residue levels exceed the 


maximum residue limits (MRL) for importing countries. Maximum residue limits vary by crop, 


herbicide, and foreign market requirements (Bryant Christie Inc., 2015). Thus proper application 


timing of desiccants is critical for market acceptance (Cessna et al., 1994, 2000; 2002; 


Saskatchewan Pulse Growers, 2011), as improper application timing may reduce crop seed yield, 


seed weight, and seedling vigor (Bennett and Shaw, 2000a; Boudreaux and Griffin, 2011). 


Bennett and Shaw (2000a) reported that soybean yield, thousand seed weight, and seedling vigor 


decreased when desiccants (glyphosate, paraquat, and sodium chlorate) were applied before 


soybean reached maturity. Boudreaux and Griffin (2011) also found similar results, showing 


improper application timing (50% application seed moisture or higher application seed moisture) 


of desiccants led to a decrease in soybean seed yield and seed weight. Improper application 


timing of desiccants can also increase herbicide residues in crop seeds. Cessna et al. (1994, 2000; 
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2002) documented increased glyphosate residue with pre-harvest application of glyphosate when 


applied at earlier growth stages for spring wheat (Triticum aestivum L.), field pea (Pisum sativum 


L.), barley (Hordeum vulgare L.), and flax (Linum usitatissimum L.), and canola (Brassica napus 


L.).  


    Glyphosate is commonly used as a harvest aid in Canadian pulse and cereal crops. It provides 


good perennial grassy and broadleaf weed control, and may reduce the time between 


physiological maturity and harvest (Cessna et al., 2000; Cessna et al., 2002; Schemenaure et al., 


2011). Glyphosate is absorbed via the foliage and translocates through the phloem to actively 


growing plant tissues (sucrose sinks) (Cessna et al., 1994, 2000; 2002; Duke and Powles, 2008). 


The recommended application timing is typically when the crop is at or below 30% seed 


moisture content (Saskatchewan Ministry of Agriculture, 2014). However, if glyphosate is 


applied to crops that have not reached physiological maturity, the herbicide may be translocated 


to developing seeds and accumulate there (Cessna et al., 1994, 2000; 2002). If glyphosate residue 


levels exceed the acceptable level (MRLs), some import markets may reject the seed shipment, 


resulting in economic loss for growers and reduced commerce for exporters.  


    Saflufenacil, a protoporphyrinogen IX oxidase inhibitor with rapid crop dry-down, has 


recently been introduced to the market and is newly registered as a desiccant in lentil (Soltani et 


al., 2009; Grossman et al., 2010). Safluflenacil has both contact and systemic activity via limited 


translocation through the phloem and xylem, and could translocate to sucrose sinks such as 


seeds. Therefore, saflufenacil residues also may be a concern for growers if it is applied as a 


desiccant at early crop stages. Similar to glyphosate, major importing countries also have set 


MRLs for saflufenacil (Bryant Christie Inc., 2015). 


    Saflufenacil provides more rapid weed control than glyphosate, but does not provide adequate 


control of perennial weeds in lentil (Baylis, 2000; Schemenauer, 2011). As a result, growers 


should apply both products if they are seeking rapid crop dry-down and perennial weed control. 


Several studies have evaluated the interactions between saflufenacil and glyphosate. Ashigh and 


Hall (2010) reported that the activity of glyphosate was reduced in plants when combined with 


saflufenacil. The authors attributed this to saflufenacil’s rapid contact activity, which caused 


accelerated cell death and decreased the time allowed for glyphosate to be translocated to 


growing plant tissues (Ashigh and Hall, 2010). Meanwhile, saflufenacil translocation was 


reduced in glyphosate-susceptible plants by adding glyphosate (Ashigh and Hall, 2010). 
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However, Knezevic et al. (2009) reported that the mixture of saflufenacil and glyphosate 


improved the activity of both herbicides in controlling several weeds.  


    In 2011, the European Union rejected shipments of Canadian lentils due to glyphosate seed 


residues over 0.1ppm (Pratt, 2011). This had significant impacts on the Pulse industry in Canada, 


and it raised questions about effective control of glyphosate residue in lentil. Consequently, 


research was required to determine more effective timings of glyphosate and also, to assess 


whether new products, such as saflufenacil, could improve lentil desiccation if combined with 


glyphosate. Because glyphosate is preferred by producers to control perennial weeds in lentil 


crops, it is important to understand how lentil seed yield and size are affected by glyphosate 


timing. Moreover, the interaction between glyphosate and new products such as saflufenacil 


must be understood to determine its influence on crop yield and quality, as well as herbicide 


residue. Therefore, the objective of this research was to determine the response of lentil to 


various application timings of glyphosate, saflufenacil, and the combination of these two 


herbicides applied in a tank mix. A second objective was to determine whether the addition of 


saflufenacil to glyphosate at various application timings had any impact on herbicide residues in 


seeds.  


 


3.2 Hypotheses 


 
    The hypotheses of this study are that early application of glyphosate, saflufenacil, and a tank 


mix of glyphosate+saflufenacil will result in adverse effects on the crop and unacceptable 


herbicide residues. Secondly, tank-mixing glyphosate with saflufenacil will reduce levels of 


herbicide residue without adverse effects on lentil crops.  


 


3.3 Materials and Methods 


 


3.3.1 Experiment site and design 


 


    A field trial was conducted at Saskatoon and Scott, Saskatchewan (SK), Canada, from 2012 to 


2014. However, the trial at Scott in 2012 was lost due to hail damage and will not be discussed 


further. The soil texture at Saskatoon ranged from a clay to a sandy loam with a pH of 7.5 to 7.9 
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and an organic matter content of 2.4% to 4.5%. The soil at Scott has a silty loam texture with a 


pH of 5.3 to 6.8 and an organic matter content of 2.4% to 2.6%.  


    Plots were set up in a randomized complete block design with four replications per treatment. 


Two experimental factors were used in the study: herbicide treatment (glyphosate, saflufenacil 


and the tank mixture of glyphosate plus saflufenacil) and application timings (60%, 50%, 40%, 


30%, and 20% seed moisture content). An unsprayed control also was included in the study. 


Individual plot sizes were 2 m wide by 6 m long and 2 m wide by 5 m long at Saskatoon and 


Scott, respectively. 


 


3.3.2 Experimental procedure 


 


    CDC Maxim, the most widely grown small red lentil cultivar in western Canada, was selected 


for this trial. CDC Maxim is a high yielding cultivar with resistance to imidazolinone (group 2) 


herbicides (Saskatchewan Ministry of Agriculture, 2010). Prior to planting, seeds received a seed 


treatment consisting of Apron Maxx RTA (0.73% fludioxonil; 1.10% metalaxyl-M and S-


isomer) at a rate of 325 ml per 100 kg seed. Seed was inoculated (2.76 ml kg-1) with Liquid 


Nodulator® containing Rhizobium leguminosarum biovar viceae in 2012, or with Tag Team® 


Granular (2.8 kg ha-1) containing Rhizobium leguminosarum and Penicillium bilaii in 2013 and 


2014. Lentil was direct-seeded into chem-fallow plots at a depth of 3 cm. Planting was carried 


out with a small plot drill equipped with single shoot hoe openers on 22 cm row spacing. 


Planting dates at Saskatoon were May 17, 12, and 14 in 2012, 2013, and 2014, respectively; the 


Scott site was planted on May 21 and 12 in 2013 and 2014, respectively. Lentil target plant 


density was 130 plants m-2, with seeding rates adjusted for germination test results. Plots were 


rolled at both sites immediately following planting to provide a smooth and level surface for 


harvest. 


    At Saskatoon, ethalfluralin was applied in the fall at a rate of 1400 g a.i. ha-1 to control weeds 


for the next year. An application of glyphosate (675 g a.e. ha-1) was also made prior to crop 


emergence, while post-emergence weed control was achieved with a tank mix of imazamox plus 


imazethapyr (30 g a.i. ha-1) applied between the 5th to 6th node stage. Any weeds not controlled 


by the herbicides were removed by hand. At the early flowering stage, prothioconazole was 


applied (166 g a.i. ha-1) for the control of ascochyta blight, with a second application of 
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chlorothalonil applied (1500 g ha-1) at the early pod stage if necessary. At Scott, imazethapyr 


was applied (13 g a.i. ha-1) in the fall prior to plot establishment. Preemergence weed control was 


achieved with glyphosate (900 g a.e. ha-1) applied immediately after planting, while an in-crop 


application of quizalofop-p-ethyl (420 g a.i. ha-1) was made when the crop reached the 4th node. 


Preventative disease control was achieved with boscalid applied (294 g a.i. ha-1) when lentil 


reached the early flowering stage.  


    Desiccants were foliar-applied as follows: glyphosate at 900 g a.e. ha-1, saflufenacil at 50 g a.i 


ha-1, and glyphosate at 900 g a.e. ha-1 plus saflufenacil at 36 g a.i. ha-1. All herbicides rates were 


based on label recommendations (Saskatchewan Ministry of Agriculture, 2014). Merge® 


adjuvant (50% surfactant and 50% petroleum hydrocarbons solvent) was added to treatments 


containing saflufenacil at a rate of 1 or 0.5 L ha-1 when applied alone or with glyphosate, 


respectively (Saskatchewan Ministry of Agriculture, 2014). Application timings and application 


dates are shown in Tables 3.1 and 3.2. Products were applied based on seed moisture content, 


with treatments being arranged in 10% seed moisture increments (60%, 50%, 40%, 30%, and 


20%) to facilitate regression analysis. Herbicides were applied with a CO2-pressurized backpack 


sprayer (110-015 AirMix nozzle, 241 kpa, 45 cm spacing) at Saskatoon in 2012 and 2013 and 


with an air-pressurized tractor mounted sprayer equipped with shielding (110-015 AirMix 


nozzles, 275 kpa, 45 cm spacing) at Saskatoon in 2014. At Scott, a CO2-pressurized bicycle 


sprayer (110-003 AirMix nozzles, 276 kpa, 25cm) was used. All nozzles used to apply herbicides 


were calibrated to deliver 200 L ha-1 of spray water volume. 
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Table 3.1 Herbicide treatments, rates, and application timings (% seed moisture content) for each   
  herbicide treatment evaluated at Saskatoon and Scott, SK from 2012 to 2014. 


 
Herbicide Rate Application Timing  
 (g a.e. ha-1/g a.i. ha-1) (%) 
Control   
   
Glyphosate 900  60 
  50 
  40 
  30 
  20 
   
Saflufenacil§ 50  60 
  50 
  40 
  30 
  20 
   
Glyphosate+Saflufenacil† 900 + 36 60 
  50 
  40 
  30 
  20 


 
§ A surfactant/solvent (Merge®) at 1 L ha-1 was added in saflufenacil treatment. 
† A surfactant/solvent (Merge®) at 0.5 L ha-1 was added in the tank mixture of   
glyphosate+saflufenacil treatment.
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Table 3.2 Dates of application timings and environmental conditions (temperature, relative humidity and wind) for  
each herbicide treatment in timing trials at Saskatoon and Scott, SK from 2012 to 2014. 


 
Site Year Application Timing Application Date Temperature  Relative Humidity 
  (%)  (oC) (%) 
Saskatoon 2012 60 August 17 26.0 43.1 
  50 August 20 29.0 33.0 
  40 August 28 27.0 43.0 
  30 August 30 16.0 55.0 
  20 September 6 20.0 49.0 
 2013 60 August 9 20.1 56.1 
  50 August 14 20.3 69.0 
  40 August 16 27.0 64.1 
  30 August 19 30.1 30.5 
  20 August 23 19.5 63.0 
 2014 60 August 12 30.0 29.0 
  50 August 15 24.0 66.7 
  40 August 19 29.0 51.0 
  30 August 27 30.0 35.5 
  20 September 5 15.0 58.6 
      


Scott 2012 NA NA NA NA 
 2013 60 August 20 13.4 73.9 
  50 August 23 17.0 50.1 
  40 August 29 19.6 74.5 
  30 September 3 12.2 83.8 
  20 September 12 10.7 61.8 
 2014 60 August 12 19.1 70.8 
  50 August 15 22.5 73.8 
  40 August 19 20.4 69.3 
  30 August 22 13.8 46.9 
  20 August 27 21.0 49.3 


 
    NA: no applicable data recorded due to hail damage. 
 
 
    Prior to the application of harvest aid treatments, a random subsample of plants (10 plants per 


plot) was excised from border plots and bulked to create a composite seed sample on which seed 


moisture content could be determined. Each composite seed sample was weighed (fresh weight), 


placed in paper bags and dried in an oven at 80oC for 24 h to determine dry weight. Seed 


moisture content (SMC) of each sample was calculated by the following equation:  


 


𝑆𝑀𝐶 =
(𝑀𝑓)−(𝑀𝑑)


𝑀𝑓
∗ 100%                        [3.1] 


 


where 𝑀𝑓 is fresh weight of the composite seed samples, and 𝑀𝑑  is the dry weight of the 


composite seed samples.  
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3.3.3 Data collection 


 


    Plant stand counts were performed two weeks after lentil emergence in two randomly selected, 


1 m rows per plot. Desiccation was rated 7, 14, and 21 days after each herbicide application 


(DAA) based on the Canadian Weed Science Society visual scale (0 to 100%). The three visual 


ratings at 7, 14 and 21 DAA for each treatment were used to determine desiccation progress over 


time, which is calculated by the area under the desiccation progress curve (AUDPC):  


 


𝐴𝑈𝐷𝑃𝐶 = (
𝐷1+𝐷2


2
)(𝑡2 − 𝑡1) + (


𝐷2+𝐷3


2
)(𝑡3 − 𝑡2)          [3.2] 


 


where D1, D2, and D3 represent observed desiccation ratings at each evaluation day; t1, t2, and t3 


represent the number of the days after each herbicide application (Jeger and Viljanen-Rollinson, 


2001; Simko and Piepho, 2012). The AUDPC equation was used to convert the three desiccation 


ratings and crop moisture contents into a single relative value for the purpose of reporting; the 


greater the calculated AUDPC value, the further desiccation had progressed between ratings 


(McNaughton et al., 2015).  


    Lentil plots were harvested with a small plot combine at all sites except for the Saskatoon 


(2013) site, where a harvest error precluded data being collected for the 20% moisture content 


treatment. Harvested seeds were weighed (dirty weight), cleaned with a dockage tester, and 


weighed again to determine clean seed yield. Final yield was determined by calculating clean 


yield and then adjusting to 13% seed moisture content, which is the standard lentil seed moisture 


for storage. Thousand seed weight (TSW) was determined by counting and weighing 250 seeds 


and multiplying by a factor of four. Harvest straw moisture was tested immediately after 


harvesting each plot to determine if straw moisture will affect harvest efficiency. Fresh seed 


samples and plant straw were weighed (fresh weight), put into paper bags, oven-dried for 24 


hours at 80oC and then reweighed.  


    To assess glyphosate residue levels at Saskatoon (2012 and 2013) and Scott (2013), samples of 


each treatment containing glyphosate and an untreated control were tested for glyphosate and 


AMPA residues. Each 250 g sample was collected at 7 DAA from border rows, cleaned, placed 


into plastic bags and kept in a freezer at -20oC until all samples were collected. Samples were 


sent to ALS laboratory in Edmonton, AB, Canada. Using a standardized process provided by 
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ALS Laboratories, high performance liquid chromatography (HPLC) using column switching 


and post-column derivatization with fluorescence detection was employed to determine 


glyphosate and AMPA residue. Briefly, a mixture of 150 ml of 0.1M hydrochloric acid and 50 


ml of dichloromethane was added to ground samples. The solution was homogenized for 1 


minute with a polytron, and centrifuged at 5000 RPM for 10 minutes. The aqueous layer of this 


solution (100 ml) was decanted to a flask and diluted with deionized water to 350 ml, and eluted 


through a Chelex 100 resin column at 2 drops per second. The wall of this column was then 


washed with 50 ml of deionized water and 100 ml of 0.2 M hydrochloric acid. All the eluent was 


discarded. Following this, 7 ml of 6 M hydrochloric acid was added to the column, and the eluent 


was discarded. 25 ml of 6 M hydrochloric acid was added again to the column, and with the 


eluent collected, mixed with 11 ml of concentrated hydrochloric acid and applied to a AG1-X8 


resin column to remove excess iron. After the eluent entered the AG1-X8 resin column, the 


column was rinsed with 10 ml of 6 M hydrochloric acid, and the eluent was concentrated on a 


rotary evaporator. The extract of glyphosate and AMPA was then determined with an HPLC 


equipped with a fluorescence detector. Differential retention time was used to distinguish 


between glyphosate and AMPA, with a limit of detection of 0.020 ppm for both compounds. 


    Saflufenacil residue data was collected for both Saskatoon (2012, 2013, and 2014) and Scott 


(2013 and 2014) locations. Cleaned seed samples (75 g) were collected at 21 DAA, dried at 14oC 


in a paper bag, and then kept in freezer at -20oC until processed. Liquid chromatography-mass 


spectrometry (LC-MS) was used to determine the saflufenacil residues as per Mueller et al. 


(2014). Briefly, lentil seeds (5 g) were ground three times (15 seconds each duration) with a 


small grinder. Methanol (15 mL) was added and samples were shook for 1 hour. The samples 


and tubes were centrifuged at 3000 RPM for 1 minute, and filtered through a 0.45-micron filter 


directly to a 1.8 mL LC vial. The final solution was analyzed on the LC-MS system. Saflufenacil 


concentrations were determined by comparison to standards of known concentration responses. 


Saflufenacil recoveries were > 97% based on fortified untreated samples, so concentrations were 


not corrected for percent recovery (data not shown).  The lower limit of detection of this 


procedure was 5.6x10-4 ppm of lentil seeds; all saflufenacil-treated samples had detectable 


saflufenacil residues. 
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3.3.4 Statistical analysis 


 


    Residuals were initially tested for normality and homogeneity of variances with PROC 


UNIVARIATE and Levene’s test, respectively (SAS Inst., 2014). Where residuals did not 


conform to the assumptions of ANOVA, heterogeneous variance structures were modeled with 


mixed models. All data were analyzed using the MIXED Procedure in SAS 9.3 (SAS Inst., 


2014). Herbicide treatments and application timings were considered fixed effects in the model, 


while site-year (environmental effects), replication (nested within site-year), and the interaction 


between fixed and environmental effects were treated as random effects.  


    The significance of random effects and their interactions with fixed effects was assessed with 


the COVTEST option in PROC MIXED (SAS Inst., 2014). Meanwhile, scatterplots of variables 


were observed to determine whether data could be combined for analysis. Where data could not 


be combined, data were analyzed within site-years. Means were separated using Tukey’s HSD 


test at P<0.05. Single degree of freedom contrasts were used to make specific comparisons of 


interest. Where ANOVA indicated a significant effect of application timing, data were subjected 


to linear and quadratic regression analysis using PROC REG (SAS Inst., 2014). 


 


3.4 Results and Discussion 


 


3.4.1 Lentil desiccation  


 


    The interaction of site-year x application timing was significant for desiccation progress 


(Table 3.3) and thus, data were analyzed within site-years. The herbicide x application timing 


interaction did not significantly affect crop desiccation except at Saskatoon in 2012 and, thus 


desiccation data were combined across herbicide treatments for the other four site-years (Table 


3.4). A significant regression between desiccation and application timing was only observed at 


Saskatoon in 2013 (Figure 3.1). Lentil desiccation decreased linearly with earlier application 


timing, with the least desiccation at 60% seed moisture content (Figure 3.1). A similar pattern 


was observed on dry bean by McNaughton et al. (2015), who reported that desiccation was 


consistently reduced at earlier crop growth stages. The authors suggested that plots with earlier
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Table 3.3 P-values derived from analysis of variance for area under desiccation progress curve (AUDPC), lentil seed yield, 
thousand seed weight (TSW), straw moisture, glyphosate residue (GR), and saflufenacil residue (SR) as influenced by herbicide (H)  
and application timing (T) at Saskatoon and Scott, SK from 2012 to 2014. 
 


Source AUDPC Yield TSW Straw moisture GR SR 
                                                                                                                P value 
Site-year (SY) 0.0935 0.11118 0.1045 0.1224 0.2509 0.4379 
Timing (T) 0.8063 0.0826 0.2557 0.0037** 0.0184* 0.0002*** 
Herbicide (H) 0.0449* 0.7249 0.7054 0.1093 0.2397 0.0665 
T x H 0.0029*** 0.0032** 0.0449* 0.0017** 0.3670 0.0793 
SY x T 0.0054** 0.0301* 0.0458 0.0208* 0.0505 0.1095 
SY x H 0.0677 0.0395* 0.3877 0.0865 0.2444 0.1496 
SY x T x H 0.4221 0.2016 0.0553 0.251 0.2188 0.0231* 
 
*, **,*** , significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
 
 
Table 3.4 P-values derived from analysis of variance illustrating fixed effects (herbicide and application timing) for the  
area under desiccation progress curve (AUDPC) at Saskatoon and Scott, SK from 2012 to 2014. 
 
Source   AUDPC 
                                                                     P value 
 Saskatoon 2012 Saskatoon 2013 Saskatoon 2014 Scott 2013 Scott 2014 
Herbicide (H) <.0001*** 0.2471 0.0030** 0.2791 0.3681 
Timing (T) <.0001*** 0.0007*** 0.0156* <.0001*** 0.0767 
H x T 0.0098** 0.3928 0.1881 0.1450 0.3275 
 


*, **,*** , significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
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application timings had less time to desiccate naturally than plots receiving an delayed 


application timing (McNaughton et al., 2015). On the other hand, there were no statistically 


significant relationships detected in the current study across most of the site-years (Saskatoon 


2012, Saskatoon 2014, Scott 2013, and Scott 2014). As Figure 3.1 shows, crop desiccation 


fluctuated with application timings at these site-years, leading to a lack of linear or quadratic 


responses (Figure 3.1).  


    Across five application timings, the contrasts showed that saflufenacil alone, or mixed with 


glyphosate, had faster desiccation than glyphosate alone at Saskatoon in 2012 (Table 3.5). 


Likewise, glyphosate+saflufenacil improved desiccation compared with each herbicide applied 


alone at Saskatoon in 2014 (Table 3.5). Glyphosate is a systemic herbicide that is an excellent 


harvest aid for weed control, but preforms poorly at crop desiccation (Schemenauer, 2011; 


Saskatchewan Ministry of Agriculture, 2014). However, salfufenacil works more rapidly within 


plants and requires less time to cause crop damage compared with glyphosate alone 


(Schemenauer, 2011). Our results corroborate those of Soltani et al. (2013) and McNaughton et 


al. (2015), who documented that the addition of saflufenacil to glyphosate increased dry bean 


desiccation compared to each herbicide applied alone. Knezevic et al. (2009) also reported that 


the mixture of saflufenacil+glyphosate increased glyphosate activity on dandelion. However, for 


several site-years (Saskatoon 2013, Scott 2013 and Scott 2014), our data showed no differences 


in crop desiccation between plots treated with glyphosate, saflufenacil, or their tank mixture 


(Table 3.5). 


    Generally, crop desiccation varied between site-years, potentially due to different variables 


such as temperature, relative humidity or soil properties (Table 3.2). For the site-years that had 


no significant patterns with delayed application timing, low temperature and rain occurred at 


later application timings (Table 3.2). This might lead to slower crop desiccation compared to 


earlier application timings, thereby minimizing the timing effects. A study by Willson and Smith 


(2002) concluded that harvest environments might impact the effects of glyphosate, glufosinate, 


and paraquat on desiccating dry bean. Wetter and cooler conditions resulted in slower crop 


maturation and reduced desiccation efficiency (Willson and Smith, 2002). Moyer et al. (1996) 


also reported that higher temperature and reduced rainfall resulted in faster alfalfa (Medicago 


sativa L.) desiccation. 
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    Figure 3.1 Relationship between area under desiccation progress curve (AUDPC) and application timing   
    (% seed moisture content) at (A) Saskatoon 2012, (B) Saskatoon 2013, (C) Saskatoon 2014, (D) Scott 2013, and  
    (E) Scott 2014. Regression equation across three herbicide treatments at (B) Saskatoon 2013:  
    Y=-6.06x+1327.70, R2= 0.967, P=0.0167. No relationship was observed for each herbicide at any other site-year.  
    Error bars represent one standard error of the mean. 
 
  
 
 


 
 


(B) Saskatoon 2013 


20 30 40 50 60


Av erage across three herbicides


 (A) Saskatoon 2012


20 30 40 50 60
0


200


400


600


800


1000


1200


1400


1600


Gly phosate
Saf luf enacil
Gly phoste+saf luf enacil


(C) Saskatoon 2014


20 30 40 50 60


A
re


a
 u


n
d


e
r 


d
e
s
ic


c
a
ti


o
n


 p
ro


g
re


s
s
 c


u
rv


e


0


200


400


600


800


1000


1200


1400


1600


Av erage across three herbicides


(D) Scott 2013


20 30 40 50 60


Av erage across three herbicides


(E) Scott 2014


Application timing (% seed moisture content)


20 30 40 50 60
0


200


400


600


800


1000


1200


1400


1600


Av erage across three herbicides


505Appeal Book, Tab 6L8







 


 30 


Table 3.5 Contrast statements of area under desiccation progress curve (AUDPC) represent comparisons for each 
herbicide treatment at various application timings (% seed moisture content), showing the estimate of difference 
between means at Saskatoon and Scott, SK from 2012 to 2014.  
 
 AUDPC  
Herbicide compared Saskatoon  


2012 
Saskatoon 
2013 


Saskatoon  
2014 


Scott  
2013 


Scott  
2014 


Glyphosate vs. Saflufenacil -144*** 6 -30 13 -19 
Glyphosate vs. Glyphosate+saflufenacil -190*** -51 -95*** -20 -40 
Saflufenacil vs. Glyphosate+saflufenacil -46 -57 -66* -34 -22 
 
*, **,*** , significant at the 0.05, 0.01, and 0.001 probability levels, respectively.  
 


3.4.2 Seed yield  


 


    Although the effects of site-year × timing (P= 0.0161), and site-year × herbicide (P= 0.0382) 


were statistically significant (Table 3.3), scatterplots of seed yield data from each site-year 


indicated that they had similar patterns. Moreover, the interactions of site-year x application 


timing or site-year x herbicide occupied relatively small proportions of the total sum of squares  


(5% and 9%, respectively) and showed little influence on model performance. Thus, seed yield 


data were pooled across site-years.  


    Lentil seed yield was affected by the interaction between herbicide treatment and application 


timing (Table 3.3) and so data were analyzed within herbicide treatments. Glyphosate alone did 


not affect lentil yield, regardless of application timing (Figure 3.2). Similar effects were observed 


for saflufenacil applied alone across all application timings, with the exception of 60% seed 


moisture content, where yield decreased (P< 0.05) by 22% compared to untreated control (Figure 


3.2). Lentil yield also decreased significantly when glyphosate was tank mixed with saflufenacil 


at earlier application timings (Figure 3.2). In fact, lentil yields were 25% greater when the tank 


mixture of glyphosate+saflufenacil was applied at 20% seed moisture compared with 60% seed 


moisture (Figure 3.2). In comparison to the untreated control, glyphosate+saflufenacil did not 


reduce yield at any of the application timings (Figure 3.2). The contrasts illustrated that there 


were no significant differences between the untreated control and the average of the three 


herbicides across application timings, which indicates that using desiccants did not result in 


lower seed yield than the untreated control (Table 3.6).  
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Figure 3.2 Relationship between seed yield and application timing (% seed moisture content) across five site-years 
in Saskatchewan. Regression equation for the tank mixture of glyphosate+saflufenacil:  
Y=-0.2x2+3940.4, R2=0.7935, P=0.0426. No relationship was observed for glyphosate or saflufenacil applied alone. 
Points (▲) represent glyphosate; points (◊) represent saflufenacil; points (●) represent glyphosate+saflufenacil. 
Control yield was 3358.0 ± 252.0 kg ha-1. Error bars represent one standard error of the mean. 


 
 
 


 
Table 3.6 Contrast statements of yield, thousand seed weight (TSW), and straw moisture, represent comparisons 
for each herbicide treatment at various application timings (% seed moisture content), showing the estimate of 
difference between means at Saskatoon and Scott, SK from 2012 to 2014.  


 
Herbicide compared Yield  TSW  Straw moisture 
 (Kg ha-1) (g) (%) 
Control vs. Glyphosate -66.6 1.9* 5.3* 
Control vs. Saflufenacil 10.9 2.1** 2.0 
Control vs. Glyphosate+saflufenacil            -207.3 2.1** 5.8* 
Glyphosate vs. Saflufenacil 77.5 0.3 -3.2* 
Glyphosate vs. Glyphosate+saflufenacil -140.7 0.2 0.6 
Saflufenacil vs. Glyphosate+saflufenacil -218.2 0.0 3.8* 


 
*, **,*** , significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
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    The results of the current study showed that lentil seed yield was generally reduced by an early 


application of the saflufenacil treatment. However, seed yield was not adversely influenced by 


herbicide treatments when applications were made at or below 50% moisture content (Figure 


3.2). It is likely that at early application timings the lentil pods may have not reached 


physiological maturity. Similar results have been reported in rice (Oryza sativa L.), soybean 


(Glycine max L.), and dry bean (Phaseolus vulgaris L.). For example, Bond and Bollich (2007) 


showed that earlier applications of paraquat and sodium chorate (7 days before harvest) 


significantly decreased rice yield. Boudreaux and Griffin (2011) documented soybean yield 


reductions when harvest aid applications were made at the 50% and 60% seed moisture contents, 


but applications made at or later than the 40% seed moisture content stage did not have adverse 


effects on seed yield. McNaughton et al. (2015) found that glyphosate or saflufenacil alone or in 


a tank mixture increased soybean yield as applications were delayed to lower seed moisture 


contents. Results from our study indicate that 50% seed moisture content is earliest that 


applications could safely be made to the crop without compromising yield. 


 


3.4.3 Thousand seed weight 


 


    The interactions between site-year, herbicide treatment and application timing with respect to 


TSW were not significant therefore, TSW data were combined across site-years (Table 3.3). Due 


to an interaction between herbicide treatment and application timing, TSW data were analyzed 


within herbicide treatments (Table 3.3). There was no significant relationship between TSW and 


application timing when glyphosate was applied alone (Figure 3.3). However, quadratic 


responses were observed for both saflufenacil and the tank mixture of glyphosate+saflufenacil 


(Figure 3.3). TSW decreased from 39.8 g when saflufenacil was applied at 20% seed moisture 


content to 36.8 g when it was applied at 60% seed moisture (Figure 3.3). However, compared to 


the untreated control, there was no reduction in TSW with saflufenacil application until it was 


applied at 60% seed moisture content (Figure 3.3). Similarly, the tank mixture treatment of 


glyphosate+saflufenacil exhibited a curvilinear relationship with seed moisture content (Figure 


2.3). Thousand seed weight decreased as moisture content increased down to a minimum of 37.7 


g at 60% seed moisture content, but it was not statistically reduced compared to the untreated 
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control (Figure 3.3).  Contrasts showed that all three herbicide treatments significantly (P<0.05) 


reduced TSW compared with the untreated control (Table 3.6).  


 
                                                                                                                                                                                     


Figure 3.3 Relationship between thousand seed weight and application timing (% seed moisture content) across five 
site-years in Saskatchewan. Regression equation for saflufenacil: Y=-0.0015x2+0.0469x+39.3940, R2=0.9680, 
P=0.032; regression equation for the tank mixture of glyphosate+saflufenacil: Y=-0.0004x2+39.4278, R2=0.7969, 
P=0.0415. No relationship was observed between TSW and glyphosate applied alone. Points (▲) represent 
glyphosate; points (◊) represent saflufenacil; points (●) represent glyphosate+saflufenacil. Control TSW was 40.6 ± 
0.8 g. Error bars represent one standard error of the mean. 
 


 


    Based on the results of this study, there was no effect of application timing of glyphosate 


when it was applied alone (Figure 3.3). This agrees with the findings of Ratnayake and Shaw 


(1992) who observed that glyphosate did not affect soybean 100-seed weight if applied between 


the R5 (beginning seed development) and R8 (full seed maturity) growth stages. Saflufenacil 


treatments, on the other hand, produced a significant decrease in TSW when applications were 


made beyond 50% seed moisture content, which corresponds well with previous findings. A 


study by McNaughton et al. (2015) reported that dry bean seed weight consistently decreased 


when saflufenacil treatments were applied at earlier crop growth stages. Bennett and Shaw 
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(2000a) and Griffin and Boundreaux (2011) both found that there were significant reductions in 


soybean seed weight when desiccants were applied prior to 40% seed moisture content. The 


difference between glyphosate and saflufenacil observed in our study might result from the slow 


action of glyphosate at early growth stages, which permitted more time for seed growth prior to 


the arresting of seed development. In contrast, it is possible that saflufenacil rapidly limited lentil 


growth, which resulted in less time for seed development and lower seed weights. Although the 


impact of application timing of glyphosate was not obvious in this study, saflufenacil treatments 


displayed adverse effects on TSW at 60% seed moisture content. Therefore, growers must follow 


the application stages recommended on the product labels and avoid early application of these 


desiccants. In addition, applying the tank mixture treatment is an alternative because it did not 


show adverse effects on TSW compared with each herbicide alone.  


 


3.4.4 Harvest straw moisture content 


 


    Harvested straw moisture data were combined across site-years. ANOVA indicated that the 


interaction of herbicide x timing significantly affected harvested straw moisture content and thus, 


data were analyzed within herbicide treatments (Table 3.3). For glyphosate and saflufenacil 


alone, harvested straw moisture content increased with early application timing, although the 


magnitude of the increase depended on herbicide treatments (Figure 3.4). For example, straw 


moisture content in the saflufenacil alone treatment increased nearly 50% from latest to the 


earliest application timing, whereas the glyphosate alone treatment exhibited an increase of 56% 


over the same treatments (Figure 3.4). Although there was no significant linear or quadratic 


relationship for the tank mixture of glyphosate+saflufenacil, straw moisture content was reduced 


compared to the untreated control, except at 60% seed moisture content (Figure 3.4). Contrasts 


indicated that there was no significant difference between the saflufenacil alone treatment and 


the untreated control (Table 3.6). However, all treatments containing glyphosate exhibited a 


significantly lower straw moisture content compared with the untreated control (Table 3.6).  
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Figure 3.4 Relationship between harvested straw moisture content and application timing (% seed moisture content) 
across five site-years in Saskatchewan. Regression equation for glyphosate: Y=0.0046x2+21.6778 
, R2= 0.7782, P=0.0477; regression equation for saflufenacil: Y=0.0050x2+24.3442, R2= 0.8185, P=0.0348. No 
significant relationship was observed between the tank mixture of glyphosate+saflufenacil and straw moisture. 
Points (▲) represent glyphosate; points (◊) represent saflufenacil; points (●) represent glyphosate+saflufenacil. 
Control straw moisture was 34.8 ± 4.1%. Error bars represent one standard error of the mean.  
 
 
    High straw moisture content at harvest may reduce combine efficiency and slow combine 


speed. As expected, straw moisture content at harvest decreased with delayed application timing 


(Figure 3.4). When application timing is delayed, the crop experiences a longer desiccation 


period than for earlier application timings. This permits the crop to desiccate naturally in 


addition to the accelerated desiccation with the desiccants, ultimately resulting in better crop 


desiccation and lower straw moisture content (McNaughton et al., 2015). Compared with the 


untreated control, saflufenacil alone did not significantly improve straw desiccation, but 


glyphosate treatments did (Figure 3.4). This is a function of the rapid desiccation and contact-


like action of saflufenacil, which has little-to-no translocation in the plant (Schemenauer, 2011). 


Taken together, the results indicate that regardless of the herbicide used, delayed application of 


desiccants will be more effective both in terms of crop desiccation and improved harvest 


efficiency due to lower straw moisture contents. 


Application timing (% seed moisture content)


20 30 40 50 60


S
tra


w
 m


oi
st


ur
e 


co
nt


en
t (


%
)


0


10


20


30


40


50


Glyphosate
Saflufenacil
Glyphosate+saflufenacil


511Appeal Book, Tab 6L8







 


 36 


3.4.5 Herbicide residues  


 


    Glyphosate residue data were combined across site-years (n=3) due to a lack of interactions 


between fixed and random effects (Table 3.3). Glyphosate residue data were not affected by the 


interaction between herbicide treatment and application timing (P= 0.3670) and thus, data were 


pooled across herbicide treatments. Glyphosate residue increased from 0.7 at 20% seed moisture 


content to 6.2 ppm at 60% (Figure 3.5). This represents an approximate 8-fold increase in 


glyphosate residues at the earliest application timing compared with the recommended 


desiccation timing of 30% seed moisture content or less (Figure 3.5). Contrasts showed that 


adding saflufenacil to glyphosate did not influence glyphosate residues at any of the application 


timings (Table 3.7).  


    Although there was a significant site-year x timing x herbicide interaction, further examination 


of the data and residuals indicated that saflufenacil residue responded similarly to treatments 


across all site-years. Therefore, the data were pooled across years. Because saflufenacil residues 


were not affected by the interaction of herbicide treatment x application timing, data were 


combined across herbicide treatments (Table 3.3). Saflufenacil residues consistently decreased as 


the application timing was progressively delayed (Figure 3.5). For example, saflufenacil residue 


levels decreased approximately 85% as application timing was delayed from 60% to 20% seed 


moisture content (Figure 3.5). Contrasts showed that tank-mixing saflufenacil and glyphosate 


decreased saflufenacil residues compared to saflufenacil applied alone (Table 3.7). This is not 


surprising given that as per label recommendations, only two third of the rate of saflufenacil was 


used in the tank-mixture compared with when saflufenacil was applied alone (Table 3.1).  
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Figure 3.5 Relationship between herbicide residue and application timing (% seed moisture content) across three 
site-years in Saskatchewan. (A) Regression equation of glyphosate residue across two herbicides:  
Y=0.0019x2-0.2377, R2= 0.9339, P= 0.0074. (B) Regression equation of saflufenacil residue across two herbicides: 
Y=0.0000072x2+0.0001433, R2= 0.9372, P= 0.0068. Error bars represent one standard error of the mean. 
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          Table 3.7 Contrast statements of glyphosate residue (GR) and saflufenacil residue (SR), represent   
          comparisons for each herbicide treatment at various application timings (% seed moisture content),  
          showing the estimate of difference between means at Saskatoon and Scott, SK from 2012 to 2014.  


 


Herbicide compared GR SR  
                         (ppm) 
Glyphosate vs. Glyphosate+saflufenacil 1.1 NA 
Saflufenacil vs. Glyphosate+saflufenacil NA 0.0085* 


 


*, **,*** , significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
                NA: not applicable data recorded due to no glyohosare or saflufenacil in treatments. 


 


    Glyphosate residue accumulation in lentil seed is very important for lentil exporters because 


importing countries tend to reject lentil shipments if the glyphosate residue is over the MRL 


(Pratt, 2011). In the current study, average glyphosate residues did not exceed 2 ppm at the 30% 


application timing, nor did they exceed 4 ppm at 40% application timing (Figure 3.5). These 


values are not above the new EU MRL of 10 ppm, which was established in 2012. However, our 


results show that average glyphosate residue values do exceed the Canadian and Japanese limits 


of 4.0 and 2.0 ppm, respectively, and could exceed international CODEX levels of 5 ppm 


(Bryant Christie Inc., 2015). Therefore, it is imperative that growers do not apply glyphosate as a 


harvest aid when seed moisture content is above 40%. Our results also show that applications 


made prior to 40% seed moisture content consistently resulted in higher glyphosate residues. 


Glyphosate is a systemic herbicide that translocates slowly in the phloem and moves with 


nutrients to actively growing plant tissues (sucrose sinks) (Cessna et al., 1994, 2000; 2002; Duke 


and Powles, 2008). At early seed developmental stages, seeds are major sucrose sinks and 


glyphosate will translocate to those developing seeds. As the crop matures, the demand for 


sucrose from these sinks declines and less glyphosate is translocated to the developing seeds, 


resulting in reduced glyphosate residues.  


    An interesting finding was that there was no significant difference in glyphosate residues 


between the glyphosate alone treatment and the tank mix treatment of glyphosate+saflufenacil. 


Other research has also found that the addition of saflufenacil to glyphosate did not reduce seed 


residues, with an exception of 50% crop maturity in dry bean (McNaughton et al., 2015). Our 


results contrast with Ashigh and Hall (2010), however, who reported that glyphosate activity in 


plants was limited by adding saflufenacil, which can destroy plant phloem quickly. The 
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contrasting results may be due to lower sensitivity of pulse crops to saflufenacil compared to 


buckwheat, cabbage, and canola used in the Ashigh and Hall (2010) study. 


    Saflufenacil can be translocated in xylem and phloem (Ashigh and Hall, 2010; Soltani et al., 


2010) and therefore, its residue is detectable in seeds. Currently, the lowest acceptable MRL for 


saflufenacil residue in lentil seed is 0.03 ppm as set by the European Union (Bryant Christie Inc., 


2015). In this study, saflufenacil residues in lentil seeds generally increased with the earlier 


application timing of desiccants. Saflufenacil applied alone at 60% and 50% seed moisture 


resulted in unacceptable seed residue levels, exceeding 0.03 ppm in some cases. However, the 


current study found that saflufenacil residues were significantly lower in the tank mixture (with 


glyphosate) treatment, which did not exceeded 0.03 ppm, regardless of application timing. This 


can be partially attributed to the lower rate of saflufenacil in the tank mixture (36 g a.i. ha-1) 


compared with saflufenacil applied alone (50 g a.i. ha-1). It is also possible that the reduction in 


the activity of saflufenacil within the plant might result from combining glyphosate with 


saflufenacil, which could adversely influence saflufenacil translocation. Ashigh and Hall (2010) 


reported that glyphosate limited the translocation of saflufenacil in glyphosate-susceptible 


canola. The authors suggested that glyphosate adversely impacts plant metabolism, resulting in 


reduced saflufenacil translocation. Nevertheless, McNaughton et al. (2015) reported that 


saflufenacil residues in dry bean did not change with the addition of glyphosate compared with 


the application of saflufenacil alone, which demonstrated that glyphosate did not have any 


effects on saflufenacil translocation in soybean. Based on these results, the interaction between 


saflufenacil and glyphosate in lentil needs to be further studied.  


 


3.5 Conclusions 


 
    As hypothesized, application of desiccants beyond 30% seed moisture content, when lentil 


was close to physiological maturity, did not influence seed yield or TSW. In addition, these 


application timings did not result in lentil seed samples exceeding residue levels of 2 ppm for 


glyphosate or 0.03 ppm for saflufenacil and thus, would not be problematic for seed exports. 


Although glyphosate residue levels were substantially lower in the tank mixture, adding 


saflufenacil to glyphosate did not reduce glyphosate residue in lentil seeds compared to 


glyphosate applied alone. It did, however, significantly reduce seed residues of saflufenacil. 
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Moreover, the tank mixture of glyphosate+saflufenacil exhibited improved crop desiccation 


compared with either glyphosate or saflufenacil applied alone. This tank mixture would also 


improve weed control over using either herbicide alone and offers two modes of action, which is 


important to delay the evolution of herbicide resistance. Given the results of this study, a tank 


mix of saflufenacil+glyphosate is recommended for crop desiccation and pre-harvest weed 


control in lentil over using either product alone. Regardless of the product chosen as a desiccant, 


our results show it is imperative to ensure applications of glyphosate or saflufenacil are not made 


prior to the 30% seed moisture stage. 
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4.0 Evaluation of Various Herbicides as Potential Desiccants in Lentil 


 


4.1 Introduction 


 


    Canada is a major lentil producer, accounting for 39% of global lentil production. In the past 


decade, lentil production in Canada has increased from 1.1 to 2.0 million tonnes (FAOSTAT, 


2015). Nearly all of Canada’s lentils are produced in Western Canada, with 99% of the 


production occurring in Saskatchewan (Pulse Canada, 2014). Most of the increased lentil 


production is due to an increased number of hectares on which lentil is grown, owing largely to 


increased production efficiency (FAOSTAT, 2015; Statistics Canada, 2015). Yet despite the 


increased efficiency, harvesting lentil crops can still challenge growers. 


    Uniform seed maturity at harvest time is critical to lentil harvesting, and lentil are considered 


mature when the bottom third of the pods have changed color from yellow to brown 


(Saskatchewan Pulse Growers, 2011). This stage is considered the appropriate time to swath, 


desiccate, or apply pre-harvest herbicides to lentil crops. However, variations within a field can 


cause lentil plants to mature at different times. Moreover, lentil is an indeterminate plant with 


maturation occurring sequentially from lower pods to upper parts of the plant and thus, various 


stages of pod maturation can occur on the same plant (Saskatchewan Pulse Growers, 2011). 


These issues collectively produce patchy maturity at harvest, which can interfere with the 


harvesting operation and delay the crop harvest, resulting in poor harvesting efficiency, low seed 


yield and poor seed quality (Saskatchewan Pulse Growers, 2011).  


    To help reduce this variation, growers often use herbicides as harvest aids to desiccate the crop 


and ensure rapid and even dry-down of the crop seeds and foliage. The chemistry of desiccants 


and their application timing are critical because inappropriate application timing or rates can 


result in reductions in crop yield and quality (Bennett & Shaw, 2000; Boudreaux & Griffin, 


2011), and can also leave unacceptable herbicide residue levels in seeds (Cessna et al., 1994; 


Wigfield et al., 1994; Cessna et al., 2000; Cessna et al., 2002). In western Canada, few herbicides 


have been registered as desiccants in lentil, and those that have include diquat, glyphosate, 


saflufenacil, and glufosinate (Saskatchewan Ministry of Agriculture, 2014). Glyphosate is the 


most popular desiccant in pulse production because it provides excellent control of late-emerging 


annual and perennial weeds, and it can improve crop desiccation (Soltani, 2013; McNaughton et 
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al., 2015). Glyphosate is a systemic herbicide that slowly kills plants by inhibiting 5-


enolpyruvylshikimate-3-phosphate synthase (EPSPS), an enzyme critical for the production of 


aromatic amino acids (Devine et al., 1993; Cobb and Reade, 2010).  Since glyphosate is 


translocated via phloem, it can move throughout the plant and tends to accumulate in seeds if 


glyphosate is applied at later crop growth stages (Cessna et al., 1994; Wigfield et al., 1994; 


Cessna et al., 2000; Cessna et al., 2002). However, the presence of glyphosate in lentil seed can 


be problematic, and concerns about glyphosate residues in lentil seed have caused trade 


restrictions in the past (Pratt, 2011). For example, Canadian lentils were rejected in 2011 by the 


European Union due to glyphosate residues exceeding 0.1ppm (Pratt, 2011), thereby limiting 


desiccant options for lentil growers. 


    Diquat is a contact herbicide that has traditionally been used as a desiccant in lentil crops. It 


can rapidly destroy plant tissues that it contacts, and has little-to-no translocation in the plant 


(Cobb and Reade, 2010; Saskatchewan Ministry of Agriculture, 2014). In Canada, glufosinate 


and saflufenacil are newly registered desiccants in lentil (Anonymous, 2014). Both herbicides are 


capable of translocation in the plant but similar to diquat, their movement is limited by rapid 


activity (Soltani et al., 2010). Apart from these registered herbicides, other potential herbicides 


may act as desiccants in lentil crops. Pyraflufen-ethyl is labeled as a contact desiccant in cotton 


and potatoes (Ivany, 2005; Nichino Europe Co. Limited, 2012), while flumioxazin provides rapid 


desiccation of dry bean (Soltani et al, 2013; Saskatchewan Ministry of Agriculture, 2013). 


Although there is no registration for pyraflufen-ethyl and flumioxazin application in lentil, they 


may have the potential as desiccants in lentil production.  


    There is currently limited information available on the effects of diquat, glufosinate 


ammonium, flumioxazin, saflufenacil, and pyraflufen-ethyl applied alone or in combination with 


glyphosate as desiccants for lentil dry-down. The addition of these contact herbicides to 


glyphosate could provide uniform crop desiccation and potentially improve weed control 


compared to if the herbicides are applied alone. Additionally, glyphosate residue may be reduced 


by the addition of these contact herbicides to glyphosate. Research is needed to identify 


herbicides or herbicide tank-mixes that leave minimal residues in the seed, provide rapid and 


uniform lentil crop desiccation, and have no effect on seed yield and quality. Thus, the objective 


of this study was to evaluate selected contact herbicides applied alone or in combination with 


518Appeal Book, Tab 6L8







 


 43 


glyphosate for their ability to provide adequate lentil crop desiccation with minimal effects on 


seed yield, quality, and residues.  


 


4.2 Hypotheses 


 
    Harvest aids can provide adequate crop desiccation without impacting yield and seed quality. 


Second, increasing rate of harvest aids can improve desiccation performance without adverse 


effects on crop. In addition, glyphosate residues will be reduced when contact harvest aids are 


added to glyphosate.  


 


4.3 Materials and Methods 


 


4.3.1 Experimental site and design 


 
    Field experiments were conducted between 2012 and 2014 at Saskatoon and Scott, SK, 


Canada. Soil texture at Saskatoon ranged from clay to sandy loams, whereas the soil texture at 


Scott was a silty loam. The pH and organic matter content ranged from 7.5 to 7.9 and 2.4% to 


4.5%, respectively, at Saskatoon. The Scott site had a pH of 5.3 to 6.8 and an organic matter 


content of 2.4% to 2.6%. The experimental design was a randomized complete block design with 


four replicates. Each block consisted of 21 herbicide treatments plus an unsprayed control. The 


herbicide treatments included pyraflufen-ethyl (10 g a.i. ha-1 and 20 g a.i. ha-1), glufosinate (300 


g a.i. ha-1 and 600 g a.i. ha-1), flumioxazin (105 g a.i.ha-1 and 210 g a.i. ha-1), saflufenacil (36 g 


a.i. ha-1 and 50 g a.i. ha-1), and diquat (208 g a.i. ha-1 and 415 g a.i. ha-1) each applied alone or in 


combination with glyphosate (900 g a.e. ha-1). Individual plot sizes were 2 m wide by 6 m long at 


Saskatoon, and 2 m wide by 5 m long at Scott.   


 


4.3.2 Experimental procedure 


 
    In the fall prior to plot establishment, the entire experimental area received an application of 


either ethalfluralin (Saskatoon, 1400 g a.i. ha-1) or imazethapyr (Scott, 13 g a.i. ha-1). A 


glyphosate burnoff (900 g a.e. ha-1) was made at both sites each spring before or immediately 


after seeding. Prior to seeding, a seed treatment of Apron Maxx RTA (0.73% fludioxonil; 1.10% 
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metalaxyl-M and S-isomer) was applied at a rate of 325 ml per 100 kg of lentil seed. Liquid 


Nodulator® inoculant (Rhizobium leguminosarum biovar viceae) was applied to seed at a rate of 


2.76 ml kg-1 in 2012, whereas Tag Team® Granular (Rhizobium leguminosarum and Penicillium 


bilaii) was applied at a rate of 2.8 kg ha-1 in 2013 and 2014. Following the application of seed 


treatments, lentil was seeded into fallowed plots with a small plot drill equipped with single 


shoot hoe openers on 22 cm row spacing. Seeding depth was 3 cm, with a target plant density of 


130 plants m-2. Plots were rolled at both sites immediately following lentil planting to provide a 


smooth and level surface for harvest. The cultivar CDC Maxim was used at all sites, as it is the 


most widely grown small red lentil cultivar in Western Canada. 


    Maintenance applications of herbicides were made at each site for post-emergence weed 


control. At Saskatoon, a tank mixture of imazamox plus imazethapyr (30 g a.i. ha-1) was applied 


between the 5th and 6th node stage of lentil development. At Scott, an in-crop application of 


quizalofop-p-ethyl (420 g a.i. ha-1) was made when lentil was at the 4th node stage. Any weeds 


not controlled by the herbicides were removed by hand to maintain weed-free plots. To prevent 


disease, prothioconazole (166 g a.i. ha-1) was applied at Saskatoon and boscalid (294 g a.i. ha-1) 


at Scott when lentil reached the early flowering stage.  


    The rates of herbicides used in the study are shown in Table 4.1. All herbicides were applied 


with the recommended adjuvant, either Merge® (50% surfactant; 50% petroleum hydrocarbons 


solvent) or Agral 90® (90% nonylphenoxy polyethoxy ethanol) (Table 4.1). Application timings, 


application dates, and environmental conditions are provided in Table 4.2. Herbicide treatments 


were applied with an air-pressurized tractor mounted sprayer equipped with shielding (110-015 


AirMix nozzles, 275 kpa, 45 cm spacing) at Saskatoon, and with a CO2-pressurized bicycle 


sprayer (110-003 AirMix nozzles, 276 kpa, 25cm) at Scott. Both sprayers were calibrated to 


deliver 200 L ha-1 of spray solution. All desiccant treatments were made when the crop was at 


30% seed moisture content, with seed moisture content determined from randomly selected 


plants in border plots. 


 


 


 


 


 


520Appeal Book, Tab 6L8







 


 45 


                                        Table 4.1 Herbicide treatments and rates for each herbicide treatment evaluated at  
                                        Saskatoon and Scott, SK from 2012 to 2014. 
 


Herbicide Rate 
 (g a.e. ha-1/g a.i. ha-1) 
Control 0 
  
Glyphosate 900  
  
Pyraflufen-ethyl‡ 10  
Pyraflufen-ethyl+glyphosate‡ 10 + 900 
Pyraflufen-ethyl‡ 20  
Pyraflufen-ethyl+glyphosate‡ 20 + 900  
  
Glufosinate 300  
Glufosinate+glyphosate 300 + 900  
Glufosinate 600  
Glufosinate+glyphosate 600+ 900  
  
Flumioxazin¶  105  
Flumioxazin+glyphosate¶ 105 + 900  
Flumioxazin¶ 210  
Flumioxazin+glyphosate¶ 210 + 900  
  
Saflufenacil§ 36  
Saflufenacil+glyphosate † 36 +900  
Saflufenacil§ 50  
Saflufenacil+glyphosate† 50 +900  
  
Diquat¶¶ 208  
Diquat+glyphosate¶¶ 208 + 900  
Diquat¶¶ 415  
Diquat+glyphosate¶¶ 415 + 900  


 
‡ Merge® at 1% v/v was added in pyraflufen-ethyl and the tank mixture of 
 pyraflufen-ethyl+glyphosate treatment. 
¶ Agral 90® at 0.25% v/v was added in flumioxazin treatment and the tank mixture of 
flumioxazin+glyphosate treatment. 
§ Merge® at 1 L ha-1 was added in saflufenacil treatment. 
† Merge® at 0.5 L ha-1 was added in the tank mixture of saflufenacil+glyphosate treatment. 
¶¶ Agral 90® at 0.1% v/v was added in diquat and the tank mixture of diquat+glyphosate 
treatment. 
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           Table 4.2 Dates of application timings and environmental conditions (temperature, relative humidity and     
            wind) for each treatment at Saskatoon and Scott, SK from 2012 to 2014. 
 


Site Year Application 
timing 


Application 
date 


Temperature Relative 
humidity 


    (oC) % 
Saskatoon 2012 30% August 28 26.0 42.7 
 2013 30% August 19 30.1 30.5 
 2014 30% August 29 23.0 38.0 
Scott 2012 30% August 23 20.2 NA 
 2013 30% September 4 16.3 62.9 
 2014 30% August 22 13.8 46.9 


 
   NA: no applicable data was recorded   


 


4.3.3 Data collection 


 


    Lentil plant density was determined in each plot two weeks after emergence by counting the 


number of plants in two randomly selected, one-meter rows. Visual ratings of desiccation 


progress were made at 3, 7, 14, and 21 days after application (DAA) based on the Canadian 


Weed Science Society 0 to 100 rating scale. On this scale, 80% represents commercially 


acceptable weed control, whereas 70 to 80% represents commercially acceptable weed 


suppression (Vanhala et al., 2004). The visual ratings at 3, 7, 14 and 21 DAA were used to 


calculate an area under the desiccant progress curve (AUDPC):  


 


𝐴𝑈𝐷𝑃𝐶 = (
𝐷1+𝐷2


2
) (𝑡2 − 𝑡1) + (


𝐷2+𝐷3


2
) (𝑡3 − 𝑡2) + (


𝐷3+𝐷4


2
) (𝑡4 − 𝑡3)          [4.1] 


 


where D1, D2, D3, and D4 represent observed desiccation ratings at each evaluation day; t1, t2, t3, 


and t4 represent the number of the days after each herbicide application (Jeger and Viljanen-


Rollinson, 2001; Simko and Piepho, 2012). The four desiccation ratings were converted into a 


single relative value for reporting via the AUDPC equation, which models the progression of 


desiccation between ratings (McNaughton et al., 2015).  


    Lentils were harvested with a small plot combine when mature. Harvested seeds were cleaned 


using a dockage tester and weighed to determine clean seed yield. Final yield was determined by 


calculating clean yield and then adjusting to a moisture content of 13%. The weight of 1000 


seeds (TSW) was determined by weighing 250 seeds and multiplying by four. Harvest straw 


moisture content was measured immediately after threshing each plot (except Scott in 2012) by 
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determining the fresh weight of plant straw, oven-drying the samples for 24 hours at 80oC, and 


then weighing the dried samples.  


    Glyphosate residue in seeds was measured at the Saskatoon and Scott locations in 2012 and 


2013. Seed samples (250 g) from the unsprayed control and the glyphosate treatments were 


collected at 7 DAA. The samples were cleaned, placed into plastic bags and frozen at -20oC. 


Residue analyses (glyphosate and AMPA) were conducted by ALS Laboratories in Edmonton, 


AB, Canada, as described in Chapter 3. 


 


4.3.4 Statistical analysis 


 


    PROC UNIVARIATE and Levene’s test were used to examine normality and homogeneity of 


variance of the residuals, respectively (SAS Inst., 2014). Data were analyzed using the MIXED 


Procedure in SAS 9.3 (SAS Inst., 2014), with heterogeneous variance structures modeled within 


site-years as necessary. ‘Repeated/group=options’ was used to model heterogeneous variance for 


yield data because these data did not meet the assumptions of ANOVA after several 


transformations. In the mixed model, herbicide treatment was considered a fixed effect, while 


replication and its interaction with herbicide treatment were considered random effects. To 


determine whether data could be combined across site-years for analysis, the COVTEST option 


of PROC MIXED was used, with site-year as a random term in the model (SAS Inst., 2014). 


Where data could not be combined, data were analyzed within site-years, with site-year treated 


as a fixed effect. Means were separated using Tukey’s HSD, with treatment differences declared 


significant at P≤0.05. Letter groupings were used to separate treatments and were created using 


the PDMIX800 macro in SAS (Saxton, 1998). Specific comparisons of interest were made 


between various herbicide treatments using single degree of freedom contrasts. 


 


4.4 Results and Discussion 


 


4.4.1 Lentil desiccation 


 


    The interaction between site-year and herbicide treatment was significant and thus, data were 


analyzed within site-years (Table 4.3). At Saskatoon, most herbicide treatments tended to exhibit 
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better desiccation than the untreated control (Table 4.4). For example, glufosinate (300 or 600 g 


a.i. ha-1) or diquat (415 g a.i. ha-1) applied alone or in a tank mix with glyphosate resulted in 


desiccation progressing to the greatest extent, with some of these treatments showing 2- to 6-fold 


greater AUDPC than the untreated control. Treatments containing saflufenacil (36 or 50 g a.i. ha-


1) or the lower rate of diquat (208 g a.i. ha-1) showed increased crop desiccation, as much as 4-


fold greater than the untreated control (Table 4.4). Similar results were found for the tank 


mixture of pyraflufen-ethyl+glyphosate (3-fold increase) and flumioxazin+glyphosate (3-fold 


increase) (Table 4.4). Across all three years at the Saskatoon site, crop desiccation was least 


enhanced by glyphosate, pyraflufen-ethyl, or flumioxazin applied alone (Table 4.4). Contrasts 


showed that adding other contact herbicides to glyphosate significantly improved desiccation 


over glyphosate alone in all years, as did using higher rates of these herbicides (Table 4.4). In 


two of three years (2012 and 2014), adding glyphosate to the herbicide tank mixes improved 


desiccation relative to the contact herbicides alone. Based on the nature of glyphosate and the 


tank mix partners, these results are not unexpected; glyphosate is a slower acting desiccant than 


all other herbicides included in this study. 


 
          Table 4.3 P-values derived from analysis of variance demonstrating area under desiccation progress curve 


(AUDPC), seed yield, thousand seed weight (TSW), straw moisture, and glyphosate residue (GR), as 
influenced by herbicide treatments at Saskatoon and Scott, SK from 2012 to 2014. 


Source AUDPC Yield TSW Straw Moisture GR 
                                                                                     P value 
Site-year (SY) 0.0621 0.0753 0.0699 0.0811 0.1203 
Herbicide (H) <.0001*** 0.2547 0.4318 <.0001*** 0.0044** 
SY x H <.0001*** 0.3831 0.3516 0.0029** 0.0037** 


 
*, **,*** , significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
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Table 4.4 Tukey’s HSD means comparison of lentil areas under desiccation progress curve (AUDPC) at Saskatoon 
and Scott, SK from 2012 to 2014. Estimate statements represent differences between herbicide treatments in lentil 
desiccation. 
 
  AUDPC†† 
Herbicide    Rate Saskatoon 


2012 
Saskatoon 
2013 


Saskatoon 
2014 


Scott  
2012 


Scott  
2013 


Scott  
2014 


                                                       (g a.i./a.e. ha-1) 
Untreated  0 218 G 999 F 691 L 920 E 1441 C 1143 BC 
        
Glyphosate 900 700 D-F 1186 EF 836 J-L 1148 A-E 1596 A-C 1329 A-C 
        
Pyraflufen-ethyl‡ 10 538 F 1221 EF 788 KL 962 DE 1484 BC 1290 A-C 
Pyraflufen-ethyl+ glyphosate‡ 10+900 871 C-E 1358 C-E 942 G-K 1276 A-E 1527 A-C 1273 A-C 
Pyraflufen-ethyl‡ 20 563 F 1336 DE 856 I-L 999 C-E 1496 A-C 1232 A-C 
Pyraflufen-ethyl+glyphosate‡ 20+900 965 B-D 1361 C-E 1065 E-I 1149 A-E 1549 A-C 1235 A-C 
        
Glufosinate 300 1531 A 1512 A-D 1258 B-E 1444 A-C 1668 AB 1555 A 
Glufosinate+glyphosate 300+900 1532 A 1606 A-D 1324 A-D 1362 A-E 1610 A-C 1538 AB 
Glufosinate 600 1614 A 1598 A-D 1518 A 1389 A-D 1694 A 1560 A 
Glufosinate+glyphosate 600+900 1563 A 1620 A-C 1441 AB 1439 A-C 1670 AB 1537 AB 
        
Flumioxazin¶ 105 580 F 1205 EF 956 G-K 957 DE 1476 BC 1255 A-C 
Flumioxazin+glyphosate¶ 105+900 932 CD 1350 DE 964 G-K 1136 B-E 1522 A-C 1453 A-C 
Flumioxazin¶ 210 620 EF 1348 DE 909 H-K 1105 B-E 1492 A-C 1304 A-C 
Flumioxazin+glyphosate¶ 210+900 933 CD 1436 A-E 958 G-K 1185 A-E 1540 A-C 1130 C 
        
Saflufenacil§ 36 956 B-D 1366 BE 1011 F-J 1155 A-E 1435 C 1187 A-C 
Saflufenacil+glyphosate† 36+900 1121 BC 1384 BE 1099 E-H 1335 A-E 1566 A-C 1343 A-C 
Saflufenacil§  50 981 BC 1502 A-D 1103 E-H 1084 C-E 1536 A-C 1276 A-C 
Saflufenacil+glyphosate†  50+900 1032 BC 1389 A-E 1109 D-H 1316 A-E 1546 A-C 1295 A-C 
        
Diquat¶¶ 208 1229 B 1515 A-D 1205 C-F 1370 A-D 1409 C 1176 A-C 
Diquat+glyphosate¶¶ 208+900 1091 BC 1499 A-D 1136 D-G 1400 A-D 1557 A-C 1300 A-C 
Diquat¶¶ 415 1535 A 1654 A 1413 A-C 1591 A 1526 A-C 1481 A-C 
Diqua+glyphosate ¶¶ 415+900 1527 A 1633 AB 1433 AB 1533 AB 1606 A-C 1425 A-C 
HSD 
 


 274 270 216 451 208 397 


Estimates 
Glyphosate vs. TMa+glyphosate  -457*** -278*** -311*** -165** 26 -24 
TMa vs. TMa+glyphosate  -142*** -38 -45* -107** -47** -21 
TMa (low rate) vs. TMa (high rate)  -95*** -86*** -112*** -4 -40* -10 
 
*, **,*** , significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
†† Means within a column followed by the same letter are not significantly different on the basis of HSD0.05. 
a TM denotes tank mix partners. 
HSD denotes honest significant difference. 
‡ Merge® at 1% v/v was added in pyraflufen-ethyl and the tank mixture of pyraflufen-ethyl+glyphosate treatment. 
¶ Agral 90® at 0.25% v/v was added in flumioxazin treatment and the tank mixture of flumioxazin+glyphosate treatment. 
§ Merge® at 1 L ha-1 was added in saflufenacil treatment. 
† Merge® at 0.5 L ha-1 was added in the tank mixture of glyphosate+saflufenacil treatment. 
¶¶ Agral 90® at 0.1% v/v was added in diquat and the tank mixture of diquat+glyphosate treatment.  
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    Similar results were observed at the Scott site where in 2012, treatments containing diquat or 


glufosinate had the greatest desiccation efficiency, exhibiting a 57% greater AUDPC compared 


to the untreated control (Table 4.4). However, the other herbicide treatments did not significantly 


enhance desiccation. In 2013 and 2014, only the high rate of glufosinate (600 g a.i. ha-1) alone 


and in tank mixture with glyphosate provided significantly better desiccation (15% greater 


AUDPC) than the untreated control (Table 4.4). In two of three years (2012 and 2013), adding 


glyphosate to the herbicide tank mixtures improved desiccation compared with the contact 


herbicides alone. In contrast, adding contact herbicides to glyphosate only improved desiccation 


in one year (2012) compared with glyphosate applied alone. The rate of the contact herbicide at 


Scott had a relatively minor effect on desiccation. 


    The results of our study showed that adding contact herbicides to glyphosate facilitated lentil 


crop desiccation. In most years, there were benefits from tank-mixing glyphosate with other 


contact herbicides at both sites, and these tank mixes performed better than either the glyphosate 


or the tank mix partner applied alone. Soltani et al. (2013) also reported that the contact 


herbicides glufosinate, saflufenacil, diquat, carfentrazone-ethyl, and flumioxazin enhanced dry 


bean desiccation if tank mixed with glyphosate. As expected, the contact herbicides glufosinate 


and diquat produced rapid phytotoxic effects on plant tissues that came into direct contact with 


the active ingredient (Table 4.4), resulting in rapid and efficient desiccation of lentil plants. Our 


results are in agreement with Wilson and Smith (2002) and Soltani et al. (2013), both of whom 


reported increased dry bean desiccation with glufosinate applied at 80% of pod color change.  


    On the other hand, our results showed that glyphosate, pyraflufen-ethyl, and flumioxazin 


applied alone did not effectively enhance crop desiccation compared with the untreated control. 


The lack of effect for glyphosate is not surprising given that it requires translocation to actively 


growing metabolic sinks to inhibit plant growth and thus, exhibits slower crop dry-down than 


contact herbicides (Baylis, 2000; Duke and Powles, 2008; Schemenauer, 2011). Even though 


pyraflufen-ethyl and flumioxazin are labeled as contact herbicides (Valent Canada, Inc., 2009; 


Nichino Europe Co. Limited, 2012; Wisconsin Department of Natural Resources, 2012) and 


have been used as desiccants on potatoes and dry beans, they were not as effective as the other 


registered contact herbicides on lentil in this study. This might be explained by lower sensitivity 


of lentil to pyraflufen-ethyl and flumioxazin in comparison to glufosinate or diquat. 
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Nevertheless, our results suggest that these products will not provide effective desiccation of 


lentil crops. 


 


4.4.2 Seed yield and thousand seed weight 


 


    Glyphosate applied alone or in combination with tank mix partners had no effect on seed yield 


or TSW (Table 4.3). Likewise, there was no significant interaction between herbicide treatment 


and site-years (Table 4.3), indicating that the absence of effects was consistent across all site-


years (Table 4.5). Contrasts showed that adding glyphosate to other contact herbicides resulted in 


a statistically significant decrease in yield compared to when contact herbicides were applied 


alone (Table 4.5). However, the yield reduction was relatively minor at 6%. Besides, these tank 


mixture treatments did not reduce yield compared with the untreated control (Table 4.5). Seed 


yield and TSW were unaffected by the addition of contact herbicides to glyphosate compared to 


the glyphosate alone treatment. Likewise, higher rates of contact herbicides also did not affect 


lentil yield or TSW. 


    Our results suggest that glufosinate, saflufenacil, diquat, pyraflufen-ethyl, and flumioxazin 


applied alone or in combination with glyphosate will not affect lentil yield or TSW when applied 


at 30% seed moisture content. Similar results were found in other pulse crops when desiccants 


were applied close to, or at, crop maturity. For example, pre-harvest use of glyphosate, 


glufosinate, or paraquat had no adverse effects on seed yield and weight in dry bean (Wilson and 


Smith, 2002) and soybean (Ratnayake and Shaw, 1992; Ellis et al., 1998). In addition, Bennett 


and Shaw (2000a) reported that there was no difference in seed yield and TSW when glyphosate 


+ sodium chlorate or paraquat + sodium chlorate were applied to soybean. Likewise, 


McNaughton et al. (2015) observed no significant reduction in dry bean yields when desiccants 


(glyphosate and saflufenacil) were applied at full maturity.  
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                     Table 4.5 Tukey’s HSD means comparison of seed yield and thousand seed weight (TSW) at  
                     Saskatoon and Scott, SK from 2012 to 2014. Estimate statements represent differences between  
                     herbicide treatments in seed yield and TSW. 
 


Treatment Rate  Yield†† TSW†† 
 (g a.i./a.e. ha-1) (kg ha-1)    (g) 
Untreated  0 3520.3  41.4  
    
Glyphosate 900 3393.3  40.5  
    
Pyraflufen-ethyl‡ 10 3574.8  40.4  
Pyraflufen-ethyl+glyphosate‡ 10+900 3363.9  40.3  
Pyraflufen-ethyl‡ 20 3250.0  40.3  
Pyraflufen-ethyl+glyphosate‡ 20+900 3434.1  40.2  
    
Glufosinate 300 3582.0  39.8  
Glufosinate+glyphosate 300+900 3188.8  40.4  
Glufosinate 600 3481.4  40.1  
Glufosinate+glyphosate 600+900 3320.8  39.6  
    
Flumioxazin¶ 105 3361.7  40.6  
Flumioxazin+glyphosate¶ 105+900 3090.4  39.8  
Flumioxazin¶ 210 3336.0  40.8  
Flumioxazin+glyphosate¶ 210+900 3301.4  40.0  
    
Saflufenacil§ 36 3543.7  39.8  
Saflufenacil+glyphosate† 36+900 3171.4  40.0  
Saflufenacil§  50 3320.3  40.4  
Saflufenacil+glyphosate†  50+900 3384.2  40.7  
    
Diquat¶¶ 208 3386.5  40.6  
Diquat+glyphosate¶¶ 208+900 3309.3  40.2  
Diquat¶¶ 415 3458.4  39.6  
Diqua+glyphosate ¶¶ 415+900 3346.8  40.5  
HSD 
 


 NS NS 


Estimates 
Glyphosate vs. TMa+glyphosate  67.3 0.6 
TMa vs. TMa+glyphosate  189.3*** 0.2 
TMa (low rate) vs. TMa (high rate)  -75.4 0.0 


 
*, **,*** , significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
†† Means within a column followed by the same letter are not significantly different on the basis of           
HSD0.05. 
aTM denotes tank mix partners. 


    HSD denotes honest significant difference. 
NS denotes not significant at the 0.05 probability.  
‡ Merge® at 1% v/v was added in pyraflufen-ethyl and the tank mixture of  
pyraflufen-ethyl+glyphosate treatment. 
¶ Agral 90® at 0.25% v/v was added in flumioxazin treatment and the tank mixture of  
flumioxazin+glyphosate treatment. 
§ Merge® at 1 L ha-1 was added in saflufenacil treatment. 
† Merge® at 0.5 L ha-1 was added in the tank mixture of glyphosate+saflufenacil treatment. 
¶¶ Agral 90® at 0.1% v/v was added in diquat and the tank mixture of diquat+glyphosate treatment.
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    In contrast, several other studies have reported reductions in soybean seed yield and quality 


with desiccants, such as paraquat and glyphosate (Whigham and Stoller, 1979; Azlin and 


McWhorter, 1981; Cerkauskas et al., 1982). Both Whigham and Stoller (1979) and Cerkaoskas 


et al. (1982) noted reduced soybean yields when paraquat was applied before maturity. Azlin and 


Mcwhorter (1981) observed similar effects, reporting that yield and seed quality were reduced 


when glyphosate was used 3 to 4 weeks before harvest. The variability in the effects of 


desiccants on crop yield and quality can probably be attributed to when the herbicides were 


applied. The application of desiccants before physiological maturity may prevent photosynthesis 


for seed development or cause damage on immature seeds with herbicide residues (Retnayake 


and Shaw, 1992; Boudreaux and Griffin, 2011). The contact herbicides included in this study did 


not adversely affect lentil seed yield or weight and therefore, growers could apply these 


herbicides (if registered) at 30% seed moisture content without compromising lentil crop safety. 


 


4.4.3 Harvest straw moisture content 


 
    The interaction between site-year and herbicide was significant (Table 4.3) and therefore, 


harvest straw moisture data were analyzed within site-years. At Saskatoon in 2013, glufosinate 


(300 or 600 g a.i. g ha-1) and diquat (415 g a.i. ha-1) alone or tank mixed with glyphosate resulted 


in a 27% reduction in straw moisture content compared with the untreated control (Table 4.6). At 


Saskatoon in 2014, glufosinate (300 or 600 g a.i. g ha-1) and diquat (415 g a.i. ha-1) alone or in 


mixture with glyphosate, as well as saflufenacil (36 or 50 g a.i. ha-1) or flumioxazin (105 g a.i. 


ha-1) tank mixed with glyphosate, effectively decreased straw moisture content by 17 to 35% 


compared to the untreated control (Table 4.6). Across both years at Saskatoon, the other 


herbicides generally did not differ from the untreated control (Table 4.6). Desiccants had no 


effect (P>0.05) on straw moisture content at Saskatoon in 2012. With the exception of the 


glufosinate treatments, desiccants had no effect on straw moisture content compared with the 


untreated control at the Scott site. Plots that received glufosinate at Scott exhibited a 67 and 43% 


reduction in straw moisture content in 2013 and 2014, respectively (Table 4.6). 
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Table 4.6 Tukey’s HSD means comparison of harvest straw moisture at Saskatoon and Scott, SK from 2012 to 
2014. Estimate statements represent differences between herbicide treatments in harvest straw moisture. 


 
  Straw moisture 
Herbicide Rate 


 
Saskatoon 
2012 


Saskatoon 
2013 


Saskatoon 
2014 


Scott  
2013 


Scott  
2014 


                                            (g a.i./a.e. ha-1) (%) 
Untreated  0 54.9  47.6 A 55.5 A 33.4 A 62.5 A 
       
Glyphosate 900 45.5  48.0 A 47.9 A-D 18.9 A-E 43.6 AB 
       
Pyraflufen-ethyl‡ 10 52.8  45.2 A-C 55.6 A 31.2 A-C 43.4 AB 
Pyraflufen-ethyl+glyphosate‡ 10+900 42.6  45.1 A-C 49.8 A-D 20.6 A-E 51.5 AB 
Pyraflufen-ethyl‡ 20 48.4  40.5 A-D 53.8 AB 26.5 A-D 49.2 AB 
Pyraflufen-ethyl+glyphosate‡ 20+900 46.6  44.7 A-C 47.1 A-E 21.0 A-E 54.6 AB 
       
Glufosinate 300 41.0  41.1 A-D 42.4 D-G 11.7 C-E 43.3 AB 
Glufosinate+glyphosate 300+900 42.8  33.4 CD 36.4 F-H 12.2 B-E 45.5 AB 
Glufosinate 600 43.4  34.9 B-D 35.1 GH 9.9 DE 49.5 AB 
Glufosinate+glyphosate 600+900 45.3  29.5 D 30.6 H 9.8 E 35.5 B 
       
Flumioxazin¶ 105 46.8  48.3 A 47.8 A-D 31.2 A-C 48.6 AB 
Flumioxazin+glyphosate¶ 105+900 48.5  43.1 A-C 45.8 B-E 18.5 A-E 46.1 AB 
Flumioxazin¶ 210 50.4  43.2 A-C 52.0 A-C 28.1 A-C 50.8 AB 
Flumioxazin+glyphosate¶ 210+900 46.3  39.8 A-D 47.4 A-E 25.9 A-E 53.8 AB 
       
Saflufenacil§ 36 50.5  43.1 A-C 49.3 A-D 32.6 AB 57.0 AB 
Saflufenacil+glyphosate† 36+900 43.7  39.1 A-D 41.8 D-G 22.0 A-E 47.9 AB 
Saflufenacil§  50 48.4  36.7 A-D 48.7 A-D 22.7 A-E 46.5 AB 
Saflufenacil+glyphosate†  50+900 48.4  43.4 A-C 44.8 C-F 15.5 A-E 43.7 AB 
       
Diquat¶¶ 208 45.2  39.4 A-D 46.6 B-E 32.6 AB 48.3 AB 
Diquat+glyphosate¶¶ 208+900 48.2  46.5 AB 45.1 B-F 20.3 A-E 41.6 AB 
Diquat¶¶ 415 44.5  34.6 B-D 38.9 E-H 23.6 A-E 44.9 AB 
Diquat+glyphosate ¶¶ 415+900 43.7  34.2 CD 36.4 F-H 25.7 A-E 50.1 AB 
HSD  NS 23.0 8.9 22.5 23.3 
       
Estimate 
Glyphosate vs. 
TMa+glyphosate 


 0.2 8.2*** 5.4** -0.2 -3.4 


TMa vs. TMa+glyphosate  1.5 0.8 4.5*** 5.9** 1.1 
TMa (low rate) vs. 
   TMa (high rate) 


 -0.3 4.3*** 2.6*** 2.4 -0.5 


    
     *, **,*** , significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 


†† Means within a column followed by the same letter are not significantly different on the basis of HSD0.05. 
aTM denotes tank mix partners. 


    HSD denotes honest significant difference. 
    NS denotes not significant at the 0.05 probability.  


‡ Merge® at 1% v/v was added in pyraflufen-ethyl and the tank mixture of pyraflufen-ethyl+glyphosate treatment. 
¶ Agral 90® at 0.25% v/v was added in flumioxazin treatment and the tank mixture of flumioxazin+glyphosate    
treatment. 
§ Merge® at 1 L ha-1 was added in saflufenacil treatment. 
† Merge® at 0.5 L ha-1 was added in the tank mixture of glyphosate+saflufenacil treatment. 
¶¶ Agral 90® at 0.1% v/v was added in diquat and the tank mixture of diquat+glyphosate treatment. 
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    Contrasts produced similar results to AUDPC at both sites across the three years of the study. 


At Saskatoon in 2013 and 2014, the addition of contact herbicides to glyphosate decreased straw 


moisture by an average of 6.8%, while no difference was observed at Scott in either year (Table 


4.6). Similarly, when glyphosate was added to the various contact herbicides, straw moisture 


content was significantly lower compared to when they were used alone in two site-years, 


although the trend was numerically consistent across all site-years (Table 4.6). Thus, the addition 


of glyphosate to the contact herbicides improved crop desiccation and reduced straw moisture 


content at harvest, thereby facilitating improved harvest efficiency. The low rates of each 


herbicide resulted in higher straw moisture content than the high rates in two of the five site-


years (Table 4.6).   


    Generally, glufosinate and diquat had the greatest and most consistent effect on reducing straw 


moisture content, which corresponded well with the AUDPC (Table 4.4 and 4.6). The 


enhancement of straw desiccation by applying glufosinate and diquat was also observed in potato 


(Ivany and Sanderson, 2001) and alfalfa (Moyer et al., 1996). Both of these studies reported that 


diquat was more effective than glufosinate, but the advantage decreased at later crop growth 


stages (Moyer et al., 1996; Ivany and Sanderson, 2001). In contrast, the other herbicides in our 


study had inconsistent effects on straw dry-down. It is possible that lentil is less tolerant to 


glufosinate and diquat than the other contact herbicides.  


    Our results showed that pyraflufen-ethyl and flumioxazin had no effects on straw dry-down; 


thus, they may not be good options to improve harvest efficiency. It is also possible that spray 


coverage differed between the various herbicides included in this study. Good spray coverage of 


contact herbicides is required to achieve adequate crop desiccation due to their limited 


translocation (Saskatchewan Ministry of Agriculture, 2014). Effective straw desiccation with 


some herbicides may only be achieved by changing the water volume, nozzle type, boom height 


or ground speed to provide better spray coverage. More research is required to determine if this 


improves lentil desiccation with pyraflufen-ethyl and flumioxazin. 


 


4.4.4 Glyphosate residue  


 
    Glyphosate residues varied between site-years and therefore, glyphosate residue data were 


analyzed separately within site-years. None of the herbicide treatments exceeded 4.0 ppm of 
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glyphosate (MRL set by Canada) at Saskatoon in 2012. In treatments where glyphosate was tank 


mixed with glufosinate or diquat, glyphosate resides were significantly lower than when 


glyphosate was applied alone, and did not exceed 2.0 ppm (MRL set by Japan) (Table 4.7). The 


addition of glufosinate (300 or 600 g a.i. ha-1), saflufenacil (36 g a.i. ha-1), or diquat (208 or 415 


g a.i. ha-1) to glyphosate decreased glyphosate residues between 43% and 73% compared to 


glyphosate alone (Table 4.7). Likewise, at Scott in 2012, glufosinate (600 g a.i. ha-1) or diquat 


(208 or 415 g a.i. ha-1) tank mixed with glyphosate resulted in residue levels that did not exceed 


4.0 ppm or 2.0 ppm, respectively. Not surprisingly, contrasts showed that glyphosate residues 


were significantly lower (1.2 ppm, on average) when contact herbicides were added to 


glyphosate at Saskatoon in 2012. A similar 1.0 ppm reduction was observed at Scott in 2012 


when contact herbicides were added to glyphosate, but the reduction was not statistically 


significant. 


    In contrast, pyraflufen-ethyl (10 or 20 g a.i. ha-1), saflufenacil (50 g a.i. ha-1) and flumioxazin 


(105 or 210 g a.i. ha-1) did not affect glyphosate residue levels compared with glyphosate applied 


alone (Table 4.7). There were no differences in glyphosate residue between desiccant treatments 


at Saskatoon or Scott in 2013; none of the treatments resulted in unacceptable herbicide residues. 


In addition, glyphosate residue was unaffected by herbicide rate (Table 4.7). A lack of 


differences in glyphosate residue between treatments may result from reduced translocation of 


glyphosate to lentil seeds in 2013. Reduced translocation may be related to lower seed moisture 


contents at the time of application in 2013 (32% and 35% for Saskatoon and Scott, respectively) 


compared to 2012 (35% and 40% for Saskatoon and Scott, respectively). Decreased glyphosate 


residue with lower seed moisture at application was also observed in wheat (Triticum aestivum 


L.), field pea (Pisum sativum L.), barley (Hordeum vulgare L.), flax (Linum usitatissimum L.) 


and canola (Brassica rapa L.) (Cessna et al., 1994, 2000; 2002).  
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Table 4.7 Tukey’s HSD means comparison of glyphosate residue (GR) at Saskatoon and Scott, SK, in 2012 and 
2013. Estimate statements represent differences between herbicide treatments in glyphosate residue. 
 


  GR †† 
Treatment    Rate Saskatoon 


2012 
Saskatoon 
2013 


Scott  
2012 


Scott  
2013 


 (g a.i./a.e. ha-1)                                         (ppm)  
Glyphosate 900 3.5 A 0.7  3.7 AB 0.2  
      
Pyraflufen-ethyl +Glyphosate‡ 10+900 3.1 AB 0.1  3.7 AB 0.1  
Pyraflufen-ethyl + Glyphosate‡ 20+900 2.5 A-D 1.1  2.6 A-C 0.1  
      
Glufosinate + Glyphosate 300+900 1.6 DE 0.1  2.3 A-C 0.1  
Glufosinate + Glyphosate 600+900 1.7 C-E 0.2  1.2 BC 0.1  
      
Flumioxazin + Glyphosate¶ 105+900 3.4 A 1.7  4.8 A 0.1  
Flumioxazin + Glyphosate¶ 210+900 3.8 A 0.3  4.4 A 0.1  
      
Saflufenacil + Glyphosate§ 36+900 2.0 B-D 0.8  3.6 AB 0.1  
Saflufenacil +Glyphosate†  50+900 2.8 A-C 0.3  3.3 A-C 0.1  
      
Diquat +Glyphosate¶¶ 208+900 1.2 EF 0.3  1.1 BC 0.1  
Diquat +Glyphosate¶¶   415+900 0.7 F 0.1  0.5 C 0.1  
HSD 
 


 1.3 NS 2.9 NS 


Estimates 
Glyphosate vs.     
   TMa+glyphosate 


 1.2** 0.1 1 0.0 


TMa+glyphosate (low rate) vs.     
   TMa+glyphosate (high rate) 


 0.0 0.2 0.7 0.0 


 
*, **,*** , significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
†† Means within a column followed by the same letter are not significantly different on the basis of HSD0.05. 
aTM denotes tank mix partners. 
HSD denotes honest significant difference. 
NS denotes not significant at the 0.05 probability.  
‡ Merge® at 1% v/v was added in pyraflufen-ethyl and the tank mixture of pyraflufen-ethyl+glyphosate   
treatment. 
¶ Agral 90® at 0.25% v/v was added in flumioxazin treatment and the tank mixture of flumioxazin+glyphosate  
treatment. 
§ Merge® at 1 L ha-1 was added in saflufenacil treatment. 
† Merge® at 0.5 L ha-1 was added in the tank mixture of glyphosate+saflufenacil treatment. 
¶¶ Agral 90® at 0.1% v/v was added in diquat and the tank mixture of diquat+glyphosate treatment. 
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    Glyphosate residue is an important consideration for exporters because unacceptable 


glyphosate residue levels can cause rejection of shipments by importers. Currently, the two 


lowest MRLs are 2 ppm and 4 ppm, set by Japan and Canada, respectively (Bryant Christie Inc., 


2015). Results from this study suggest that using glyphosate as a desiccant can result in 


unacceptable glyphosate residue levels (Japan MRL), even if it is applied at the recommended 


30% seed moisture content. However, tank mixing glufosinate (600 g a.i. ha-1) or diquat (208 or 


415 g a.i. ha-1) with glyphosate consistently provided significant reductions in glyphosate residue 


such that residues typically did not exceed 2 ppm (Table 4.7). Other treatments failed to reduce 


glyphosate residues and some, such as flumioxazin, resulted in higher levels of glyphosate 


residues in lentil seed (Table 4.7). Based on this, producers are unable to limit glyphosate 


residues in lentil seed by tank mixing glyphosate with saflufenacil. Moreover, results presented 


in Chapter (2) also showed little reduction in glyphosate residues when it was tank mixed with 


saflufenacil, regardless of seed moisture content. Therefore, this tank-mix should not be used 


with the intention of reducing glyphosate residues. This contrasts with previous studies on other 


crops including in buckwheat, cabbage, and canola, which have shown that saflufenacil reduced 


the activity of glyphosate (Ashigh and Hall, 2010). Lentil may be inherently less sensitive to 


saflufenacil than the other crops, as shown by Soltani et al. (2010).  


    The contact herbicides used in this study were hypothesized to produce faster crop desiccation 


than glyphosate, thereby trapping glyphosate in the leaves of treated plants, slowing translocation 


and reducing glyphosate residue levels. Our results indicated this was only possible in tank 


mixtures with glufosinate and diquat, which resulted in the lowest glyphosate residues among all 


treatments containing glyphosate. This was probably a product of limited glyphosate movement 


in lentil due to the very quick herbicidal action of the contact herbicides (Wehtje et al., 2008; 


Bethke et al, 2013). The highest glyphosate residues observed in this study were found in the 


tank mix of flumioxazin and glyphosate and therefore, this mixture will not help limit glyphosate 


residues.  


 


4.5 Conclusions 


 


    The results of this study showed that glufosinate (600 g a.i. ha-1) and diquat (415 g a.i. g ha-1) 


applied alone or tank mixed with glyphosate consistently provided the greatest crop desiccation 
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without any adverse effects on lentil seed yield and weight. Perhaps more importantly, these 


treatments also had acceptable glyphosate residue levels, generally < 2 ppm. Saflufenacil (36 or 


50 g a.i. ha-1) applied alone or in mixture with glyphosate often provided better desiccation 


compared to the untreated control, but residue levels were unacceptable (> 2 ppm) in some site-


years. Pyraflufen-ethyl and flumioxazin, applied alone or in mixture with glyphosate, provided 


the slowest desiccation, and did not significantly reduce glyphosate residues compared to 


glyphosate applied alone. As hypothesized, tank mixing contact herbicides with glyphosate 


generally improved lentil desiccation without yield losses or reductions in seed weight. More 


specifically, the traditional desiccants glufosinate and diquat provided the greatest reduction in 


glyphosate residue, the fastest crop desiccation, and did not affect seed yield and weight. It is 


recommended that growers use one of these two contact herbicides for lentil desiccation, though 


consideration must be given to the efficacy of weed control provided by each mixture. However, 


further research is needed in that regard.  
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5.0 General Discussion 


 
5.1 The use of desiccants in lentil  


 


    Results presented in this thesis demonstrate the importance of appropriate application timing 


of desiccants in facilitating crop desiccation. Proper timing of desiccants maintained crop yield, 


seed quality, and low levels of herbicide residues in seeds. Both lentil yield and thousand seed 


weight (TSW) were reduced by desiccants applied at the earliest crop growth stages (Chapter 2). 


However, yield and seed weight were not negatively influenced when desiccants were applied 


beyond 50% seed moisture content. Results from Chapter 3 also confirmed that yield and TSW 


were not compromised if desiccants were used at the correct maturity. These findings proved the 


first hypothesis that the application of desiccants at or close to crop maturity would not affect 


seed yield or TSW in lentil, supporting product recommendations. Several studies in soybean 


(Glycine max L.) (Whigham and Stroller, 1979; Cerkauskas et al., 1982; Ratnayake and Shaw, 


1992; Ellis et al., 1998; Bennett and Shaw, 2000a; Boudreaux and Griffin, 2011), dry bean 


(Phaseolus vulgaris L.) (Wilson and Smith, 2002; McNaughton et al., 2015), and wheat 


(Triticum aestivum L.) (Darwent et al., 2000; Yenish and Yong, 2000) also showed no 


detrimental effects of using desiccants on crop yield and quality, unless the desiccants were 


applied before crop physiological maturity. These authors attributed yield loss and seed quality 


reductions to crop immaturity at the early applications, resulting in reduced plant growth and 


seed development (Whigham and Stroller, 1979; Cerkauskas et al., 1982; Ratnayake and Shaw, 


1992; Ellis et al., 1998; Bennett and Shaw, 2000a; Darwent et al., 2000; Wilson and Smith, 2002; 


Boudreaux and Griffin, 2011). 


    Another hypothesis presented in this thesis was that herbicide residues would decrease with 


later application of desiccants, and this was confirmed by the results presented in Chapter 2. 


Glyphosate residues declined with delayed applications of desiccants (>40% seed moisture 


content), and were below 2ppm (the lowest MRL of glyphosate set by Japan) at 30% or lower 


seed moisture (Chapter 2). The declines in glyphosate residues that we observed at later growth 


stages suggest that proper application stage (close to crop maturity) will not leave unacceptable 


glyphosate residues in lentil seeds. In fact, the data presented in Chapter 3 also showed that 


glyphosate residues were acceptable (<4 ppm) even if glyphosate was applied in a tank mixture 
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with several other desiccants. All applications in that trial were made at 30% seed moisture 


content. Similar trends have also been reported in other crops, such as wheat (Cessna et al., 


1994), field pea (Pisum sativum L.), barley (Hordeum vulgare L.), flax (Linum usitatissimum L.) 


(Cessna et al., 2002), canola (Brassica rapa L.) (Cessna et al., 2000), and dry bean (Soltani et al., 


2013). Glyphosate can be translocated readily within plants and concentrate in areas with high 


metabolic activities. For minimum glyphosate residues in lentil seed, desiccant applications 


should be delayed to as close to crop maturity as possible, such as 30% or less seed moisture 


content. (Cessna et al., 1994, 2000; 2002).  


    We also observed a reduction in saflufenacil residues when it was applied at lower seed 


moisture contents (Chapter 2). Saflufenacil applied alone at 50% and 60% seed moisture led to 


saflufenacil residues exceeding the acceptable level (0.03 ppm) imposed by the European Union 


(Chapter 2). Similar findings were reported in dry bean (McNaughton et al., 2015). As with 


glyphosate, less saflufenacil likely was translocated to seeds due to the reduced demand for 


sucrose as the crop matures (McNaughton et al., 2015). Although there was no reduction in yield 


or seed weight below 40% seed moisture, herbicide residues were only reduced to below the 


acceptable level (EU) when applications were made below 30% seed moisture content (Chapter 


2). Thus, early (>30% seed moisture) application of desiccants is risky and should be avoided by 


producers. The results support the product labels, all of which state that desiccants should be 


applied at 30% seed moisture content or less. Our data indicate there is very little flexibility to 


apply desiccants early in order to accelerate crop dry-down without effects on yield, seed weight, 


or herbicide residues.   


    Another important part of this thesis was to evaluate whether application of contact herbicides 


alone or tank-mixed with glyphosate could provide adequate crop dry-down and effectively 


reduce glyphosate residues in the seed. On the whole, results suggest that the addition of contact 


herbicides to glyphosate improved crop desiccation without yield loss or reduced thousand seed 


weight, but most treatments did not effectively decrease glyphosate residues relative to the 


glyphosate alone treatment (Chapter 2 and 3). Seed yield and weight were likely unaffected 


because crop development was terminated when desiccants were applied, resulting in minimal 


effects on seed yield and weight (Whigham and Stroller, 1979; Cerkauskas et al., 1982; 


Ratnayake and Shaw, 1992; Ellis et al., 1998; Bennett and Shaw, 2000a; Wilson and Smith, 


2002; Boudreaux and Griffin, 2011). Compared with the untreated control, glufosinate and 
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diquat provided the fastest crop dry-down and reduced glyphosate resides without impacting 


seed yield and weight (Chapter 3). The reduced glyphosate residues in seeds may be due to the 


rapid action of these two contact herbicides (Wehtje et al., 2008; Bethke et al, 2013). 


Saflufenacil also accelerated crop desiccation, but it did not have a positive impact on glyphosate 


residues and in some cases (2012), led to unacceptable glyphosate residues (Chapter 2 and 3). 


Pyraflufen-ethyl and flumioxazin did not effectively desiccate the crop and these treatments, 


when combined with glyphosate, did not help lower glyphosate residues. It is possible that lentil 


plants might be less sensitive to saflufenacil, pyraflufen-ethyl and flumioxazin than the 


traditional desiccants (glufosinate and diquat). Soltani et al. (2005, 2011) and Ivany (2005) 


reported different sensitivity of crops to flumioxazin, saflufenacil, and pyraflufen-ethyl, 


respectively. Soltani et al. (2005) attributed the differences to seed size and differential gene 


pools of various market classes due to different origins, and demonstrated that the larger seeded 


dry beans were more tolerant to flumioxazin than the smaller seeded dry beans.  


 


5.2 Management implications 


 


    The results of these studies demonstrate that early application of desiccants prior to full crop 


maturity caused reductions in seed yield and quality. More importantly, herbicide residues at 


these application timings exceeded the lowest acceptable MRLs for glyphosate and saflufenacil. 


This is problematic for international trade, and could cause economic losses if importing 


countries reject exports. Thus, lentil producers must carefully follow product labels to decrease 


the risks associated with early application of desiccants. Although this can be challenging, 


identifying the proper stage for desiccant application could be achieved by calculating seed 


moisture content, as was done in this thesis. Growers often prefer using visual indicators of plant 


maturity because this is quicker and more efficient. For example, applications should be made 


when 15% of the pods are changing from yellow to brown, coinciding with roughly 30% seed 


moisture content. However, these visual indicators are very subjective, and do not always 


provide accurate assessments of seed moisture content, which can lead to early applications. In 


such cases, it is recommended that growers obtain the moisture content of the seed prior to the 


application of desiccants. It may also be necessary, and perhaps even critical, to recruit 


experienced agronomists to help growers determine the appropriate timing for the application of 
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desiccants. It is also recommended that producers familiarize themselves with the MRLs of 


importing countries to avoid trade issues.  


    The results of this study indicated that tank mixing contact herbicides with glyphosate was 


beneficial to facilitate crop desiccation without adverse effects on seed yield and quality. 


Glufosinate and diquat alone or in mixture with glyphosate had the most consistent desiccation 


and acceptable glyphosate residues. In addition, glyphosate is an excellent pre-harvest herbicide 


to control late-emerging weeds, but glufosinate and diquat usually cannot provide enough weed 


control (Schemenauer, 2011). Therefore, using tank mixtures (glufosinate+glyphosate or 


diquat+glyphosate) would be a better option for growers with regard to the presence of late 


emerging weeds in field. The application of glyphosate alone may not provide rapid crop 


desiccation. Alternatively, tank mixing contact herbicides (only glufosinate and diquat) with 


glyphosate can reduce glyphosate residue at 30% seed moisture (Table 4.7). Although other 


contact herbicide did not significantly decrease glyphosate residue, glyphosate residue surpassed 


only the MRL of Japan and thus, we cannot recommend this practice to growers if they export 


lentils to Japan. It is possible that these treatments would have reduced glyphosate residues if 


applied earlier (>30% seed moisture), but this was not evaluated in this thesis and future research 


should be conducted in that regard. In addition, the treatments including pyraflufen-ethyl and 


flumioxazin did not show significant advantages for lentil crop desiccation, nor did they reduce 


glyphosate residue. These findings suggest that these three herbicides are not good desiccant 


options for growers.  


     


5.3 Future research  


 


    There was only one lentil cultivar included in this study and it is possible that lentil cultivars 


may respond differently to desiccants. More research is needed to evaluate other lentil cultivars 


to confirm if there is a consistent effect of desiccants for lentil dry-down. In addition, the two 


trials in this thesis were conducted under weed-free field conditions, but the response of the crop 


to desiccants may change under weedy conditions. This is particularly true in the case of contact 


herbicides, which may be greatly impacted by dense weed stands due to poor spray coverage. 


Additional research is needed to evaluate desiccants under both weedy and weedy-free fields to 


identify the stability of yield and seed quality, and glyphosate residue levels. Further research 


539Appeal Book, Tab 6L8







 


 64 


should also be conducted to determine the impact on weed control of the desiccants included in 


this thesis. It is likely that many of the contact herbicides would exhibit poor weed control, 


especially for perennial weeds. 


    In addition, both study locations (Saskatoon and Scott) are in Saskatchewan, and the results of 


current study showed crop desiccation progression varied among site-years due to different 


environmental conditions. Other studies have reported that environmental conditions 


significantly influenced crop responses to desiccants due to soil texture, temperature and rainfall 


(Moyer et al., 1996; Willson and Smith, 2002). More research in other areas of Canada should be 


included in future studies as only two sites could be included in this due to logistical constraints. 


Future studies with several site-years of data would provide more accurate information on the 


efficiency of desiccants.  


    Since glyphosate residue is a main concern for Canadian exporters, future research should be 


conducted to evaluate if a lower rate of glyphosate (450 g a.i. ha-1) in mixture with contact 


herbicides can provide both adequate crop desiccation and acceptable glyphosate residues in 


seeds. Lower glyphosate residues in wheat, field pea, barley, flax, and canola were observed as 


the dosage of glyphosate decreased (Cessna et al., 1994, 2000; 2002). It is possible that higher 


rates of contact herbicides applied with a lower rate of glyphosate may provide adequate crop 


dry-down and weed control. 
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Abstract:


Harvesting stage is a critical step for lentil producers to maintain high seed yield and good
quality. Desiccating lentil with desiccants/harvest aids can dry down lentil evenly and quickly,
and control late-growing green weeds, which enhances lentil harvest efficiency and allows early
harvesting. Since the harvest aids are applied at alate growth stage, high herbicide residue in
seeds may cause commercial issues with marketing lentil. Application timing of harvest aids is
critical for producers. Improper application timing may reduce yield and thousand seed weight,
but increase herbicide residue in seeds. Therefore, the objective of the harvest aids application
timing (% seed moisture) trial was to evaluate the responses of lentil to different herbicide
application timings at Saskatoon and Scott, Saskatchewan, over 2 years (2012 and 2013). For
this trial, glyphosate (900 g a.e. ha-r), saflufenacil (50 g a.i. ha-r), and the combination of
glyphosate plus saflufenacil (900 g a.e. ha-r and36 g a.i. ha-l) were applied when seed moisture
content was 600/o, 50o/o, 40o/o, 30Yo and 20%. Apart from these herbicide treatments, there was
also an untreated control, which is desiccated naturally. Significant relationships between
evaluated variables and application timing on the basis of seed moisture content were detected.
Also, this trial indicated that early application timing (60%o appllcation seed moisture) could
result in reductions in lentil yield and thousand seed weight. Glyphosate residue in seeds was less


than 4 mg kg rwhen glyphosate was applied alone at 30%o and20Yo average seed moisture.
Glyphosate residue decreased when adding saflufenacil to glyphosate. Saflufenacil residue
consistently increased with earlier application timing of the harvest aids.


Introduction


Lcntil (Lens culinaris L.) belongs to the legume family, and its seeds contain higher protein,
carbohydrate, and energy compared to other legume family members (Solanki et aL.,2007).
Lentil has been considered as a health-conscious diet to improve human health and to lessen


risks of illness for a long tirne (Solanki et al., 2007).


Lentil seed yield, seed quality, and efficiency of harvesting are the main concerns for lentil
growers. There rnight be reductions in seed yield and quality at harvest stage due to uneven
maturity caused by its indetenninate habit, the presence of late-season green weeds, or uncefiain
adverse environmental conditions such as frost (Saskatchewan Pulse Growers, 201l). Also, the
efficiency of lentil harvesting can be adversely influenced by immature lentil and green weed
plants (Bond and Bollich ,2006; Alberta Pulse Growers, 2013).


Therefore, desiccants have been widely used as harvest aids to improve crop dry down and
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shorten harvest interval, which is a period of time between physiological maturity and harvesting
stage. Shorlening harvest interval can assist in preventing mature pods losses, and improving
weed control (Miller et al., 2010). Riethmuller et al. (2005) cited lentil yield was lower without
desiccants than that with the aid of a desiccant. Although desiccants can contribute to crop
harvest efficiency, their application timing is critical, as the seed yield and quality can be reduced
with improper application timing (Bennet and Shaw, 2000; Baig et a1.,2003). Furlhermore, some


studies have shown that applying combined pre-harvest herbicides have better influences on
desiccating plants than using specific herbicides alone. Although glyphosate is not a true
desiccant, it helps to control wide-spectrum weedy plants. Thus, it is common to see glyphosate
was applied with true desiccants to improve weed control. However, the maximum residue levels
(MRLs) of glyphosate and saflufenacil can be the big issues for Canadian producers who export
lentil seeds to some countries with low MRLs of both herbicides.


Materials and Methods:


Application timing trial was conducted at Saskatoon and Scott, Saskatchewan in 2012 and 2013
to investigate the responses of lentil to three pre-harvest herbicide treatments at a series of five
various application timings based on seed moisture content. However, the desiccant timing trial
at Scott in2012 was destroyed due to hail damage. Thus, the data from Scott in 2012will not be


further analyzed. The soil types were silt loam at Saskatoonin2012 and2013, and silty loam at


Scott in 2013. ThepH value and organic mattercontent were 7.5 and4.5o/o at Saskatoonin2012
and2013, and 5.3 and2.6%o at Scott in2013, respectively. Individual plot sizes in the application
timing trial at Saskatoon were 2.25 by 6 meters in 2012 and 2013, and 2 by 5 meters at Scott in
20 I 3, respectively.


All plots were set up as a 2-way factorial experiment on a randomized complete block design
including a non-treated control (no herbicide) for comparison. The first factor was three
herbicide treatments, and the second factor was five different application timings based on seed


moisture content. All treatments were replicated four times. CDC Maxim, a small red lentil
cultivar, was the only lentil cultivar used in application timing trail and potential new desiccants
trials. This cultivar was chosen because it is able to resistant to group 2 herbicides, which are


widely used for weed control in Saskatchewan (Saskatchewan Ministry ofAgriculture,20l0).
The three herbicide treatments evaluated in the timing trials were foliar applied. The details of
the herbicides are: glyphosate, saflufenacil and the combination of the two herbicides. Their
application tirnings are listed in Table 1. The application dates are shown in Table 2. The series


of herbicides application tirnings based on seed moisture contents were chosen because


glyphosate as a pre-harvest aid is recommended to apply when grain nroisture is around 30o/, or
less (Saskatchewan Ministry ofAgriculture, 2013).


Before seeding, lentil seeds were inoculated with a Liquid Nodulator application of 2.7ímllkgat
Saskatoon in2012, and with Tag Team Granular at Saskatoon and Scott in2013. Lentilwas drill-
seeded with a srnall plot grain drill on l7 May 2012 and 12 May 2013 ar Saskatoon, and on 21


May 201 3 at Scott. The target density at Saskatoon in 2012 and 201 3 and at Scott in 2013 was


130 plants per square meter with a seeding depth of 3 cm. Prior to pre-harvest applications, sorne
plants from 2 border plots were pulled and bulked to create a composite sample to detennine
seed moisture content. Three desiccant treatments were applied to lentil with seed moisture
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contents of about 600/0, 50o/o, 40o/o,30yo and 20o/o, respectively. Crop moisture contents and


desiccation visual rating from each plot were recorded aT7, 14 and2l days after each herbicide
application (DAA). Lentil yield, thousand seed weight, harvest seed moisture content, harvest


straw moisture content and dockage data were collecTed aT2l DAA. Harvest straw moisture and


dockage data were not investigated at Saskatoon in2012. Seed samples from each treatment
containing glyphosate in the first three replications were sent to ALS labs for maximum residue


level (MRL) analysis. Each sample was collected at7 DAA, and weights over 250 grams for
glyphosate residue analysis. Saflufenacil seed residue samples, weighted to 75 grams, were also


sent to the laboratory of Dr. Mueller Thomas in the University of Tennessee for saflufenacil
residue analysis.


All data were analyzed using the Mixed Procedure (SAS, 2003). Herbicide treatments and


application timings were considered as fixed effects, while site-year (environmental effects),
replications nested within site-year, and all interactions including either of these factors were
regarded as random effects. Since application timing factor based on per cent seed moisture
content were quantitative data in the timing trials, they were analyzed using regression. In this
trial, type III statistics were used to test all fixed factors. The significances of random effects
were analyzed by Z-tests of variance estimate. Proc Univariate and Levenes test were used to
test fîeld data for normality and homogenous variance. All treatment factors were compared
using LSD method at the 0.05 significance level. Additionally, all letter groupings were done by
PDMIX800 macro in SAS (Saxton, 1998).


Table 1 Herbicide treatments and application timings for each herbicide treatment
evaluated in timing trials at Saskatoon and Scott, Saskatchewan in 201,2 and 2013


Herbicide Rate Application Timing (seed moisture content)


Control


G lyphosate 900 g AElha


Saf lufenacil+M erge 50gAl/ha +7L/ha


Glyphosate+Saflufenacil+Merge 36 g Al/ha+900 g AElha+0.5 L/ha


60%
50%
40%


30%
20%


60%
50%
40%


30%
20%


60%
50%
40%


30%
20%
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Table 2 Dates of application timings for each treatment in timing trials at Saskatoon and


Scott, Saskatchewan in 2012 and 2 0 L3.
Application timing
(seed moisture content)


Saskatoon Scott


2072 2013 2012 2013


60%
50%
40%
30%
20%


August 17


August 20


August 28


August 30


September 6


August 9


August L4


August 1.6


August 19


August 23


NA


NA


NA


NA


NA


August 20


August 23


August 29


September 3


September 12


NA: not applicable (tirring trial at Scott, Saskatchewan in 2012 was destroyed by hail damage)


Results:


Seed vield


For the timing trial conducted at Saskatoon in 2012 and2013, and Scott 2013, Saskatchewan,
yield data were adjustedto l3o/o harvest moisture based on harvested moisture content. Also,
these data werc analyzed for investigating site-year effects considered as random factor. After
statistical analysis, yield data did not have similar patterns with application seed moisture; then,


they were analyzed separately within site-year.


For the yield data of Saskatoon2012, there was a significant interaction between harvest aid
treatment and application timing (Table 3). For glyphosate herbicide, no significant regression of
herbicides at various application timings was detected (Figurel). When using saflufenacil as a


harvest aid, quadratic responses of lentil yield were detected (Figure 1). For saflufenacil
herbicide, when it was applied between 40o/o and30o/o average seed moisture content, lentil yield
could reach its peck poiniaround 3400 kg ha-r (Figure l). When applying the tank mix of
glyphosate and saflufenacil, a significant linear relationship was observed (Figure l). Lentil yield
decreased with higher seed moisture content for application (Figure l). N.20% application seed


moisture, yield was about 3300 kg ha-r (Figure l). Then, the number of yield declined rapidly to
2300 kg ha-l at 60% application seed moisture (Figure 1). Compared to untreated control, yield
was significantly affected by saflufenacil and the tank mixture when it was applied at 60% seed


moisture content (Figure l).


At Saskatoon in 2013, there was no interaction between harvest aid treatment and application
timing (Table 3). So yield responses had sirnilar patterns along with application timings. A
quadratic relationship between seed yield and application tirning was found for harvest aid
treatments (Figure 2). Similar to Saskatoon2013 (Figure 2), harvest aids applied at 60% seed


moisture significantly reduced yield cornpared to control.


At Scott in 2013, application timing had significant effects on yield, but the harvest aid treatment
and interaction between harvest aid treatment and application tirning were not significant (Table


3). Therefore, yield data were averaged across three herbicides when using regression analysis.


There was no significant regression was found for harvest aids at this site-year. Compared with
untreated control, yield was not impacted by herbicide treatments at five application tirnings but
30% seed moisture content. Yield arrived at its lowest point at approxirnately 2000 kg ha-r when
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herbicides were applied aT30o/o seed moisture content (Figure 3)


Table 3 P-values derived from analysis of variance illustrating fixed effects for lentil yield and
thousand seed weight (TSW) at Saskatoon in 2OI2 and 2013, and at Scott in 2013.


*, **,*** 
, significant at the 0.05, 0.01, and 0.001 probability levels, respectively.


u 
Thousand-seed weight data were averaged across Saskatoon 2012, Saskatoon2013, and Scott 2013.


Figure 1 Relationship between yield and application tirning (% seed moisture content) for each


harvest aid treatment at Saskatoonin2012. Two regression curves in this charl represent two
herbicide treatments (saflufenacil and cornbination of glyphosate and saflufenacil). No
significant relationship was observed for glyphosate.


P values


So u rce Yield TSW


Saskatoon 2012 Saskatoon 2013 Scott 2013 Combined


Herbicide (H) 0.0345* 0,0107* 0.0495 0.7607


Timing (T) <.0001* * * 0.0L97* 0.0069** <.0001*{.+


HxT 0.0020** 0.2081 0.8468 0.4289
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Yield at Saskatoon in 2013
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Figure 2 Relationship between yield and application timing (% seed moisture content) at
Saskatoon in 20 I 3. Yield data represent a main trend line for herbicide treatments.


Figure 3 Relationship between yield and application timing (% seed moisfure content) for
harvest aid treatments at Scott in 2013.
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Thousand seed weiqht


For thousand seed weight data, the interactions between site-year and main treatment factors
including herbicide treatments and application timings were not significant. Therefore, all
thousand seed weight data were averaged across site-year. As demonstrated in Table 3, thousand
seed weight data were not affected by the interaction between application timing and herbicide
treatments, nor the herbicide treatments. But they were significantly influenced by application
timing (Table 3). So data were averaged across three herbicide treatments when analyzing
regression.


Linear response was observed for thousand seed weight data (Figure 4). Apparently, thousand
seed weight could reach its highest point at 4l grams when herbicides applied at20o/o seed
moisture content (Figure 4). Then, there was a straight decreased trend with higher application
seed moisture content, reaching the lowest point of 37.5 grams (Figure 4). Additionally, thousand
seed weight was adversely influenced by harvest aid treatments compared to control but 20Yo and
30% seed moisture content (Figure 4).


Figure 4 Relationship between thousand seed weight tested by number l0 sieve, and application
tirning (% seed moisture content). Data were averaged across Saskatoon 2012, Saskatoon 2013,
and Scott 201 3. Also, data were pooled together across three herbicide treatments


Saflufenacil residue


Saflufenacil residue data were analyzed separately based on site-years because there was a


significant difference in saflufenacil residue patterns across three site-years. In order to meet the
two basic assumptions for variance analysis, a logarithmical transformation was used in
analyzing data from Saskatoon 2012.


Thousand Seed \üeight
44


Àa
cD +L


;
Ë, 40
o


:38
o
otu, 36ï,
tr
8tq
o
l- )¿


30
-Harvest 


aid treatment y= -0.0664x + 41.66 R2: 0.g973
À control


0 l0 20 30 40 50


7o Seetl moisture content (application timing)


60 10


557Appeal Book, Tab 6L9







For Saskatoon2072, a significant harvest aid treatment by application tirning interaction was not
present (Table 4), which means the two harvest aids followed similar patterns with application
seed moisture. For both harvest aids, saflufenacil residue increased with higher application
timing.


At Saskatoon in 2013, there was a significant interaction between harvest aids and application
timing with both treatments having linear relationships between saflufenacil residue and


application timing (Figure 6). Again, the higher saflufenacil residue was detected at earlier
application timing.


Although saflufenacil residue in lentil seeds increased with higher application seed moisture, all
the saflufenacil residue data were less than 0.3 ppm for both years at Saskatoon. Not surprisingly,
saflufenacil residue was higher than control due to the fact that no saflufenacil applied to control
plots (Figure 5 and 6) at Saskatoon in both 2012 and 2013 (Saflufenacil residue for control was
close to zero, so data for control was not shown in figures). Also, saflufenacil residues applied
with the combination (glyphosate plus saflufenacil) were almost half less than saflufenacil
applied alone (Figure 6) for the two site-years.


For Scott 2013, different results were detected. A significant interaction between harvest aid and


application timing was not found (Table 4), nor the significant relationship between herbicide
residue and application seed moisture. Saflufenacil residue was only influenced by application
timings (Table 4). Saflufenacil residue was much higher at 50% seed moisture than the other four
seed moisture contents (Figure 7). Besides, saflufenacil residue treated by tank mixture did not
reduce compared to saflufenacil applied alone (Figure 7).


Table 4 P-values derived from analysis of variance illustrating fixed effects for saflufenacil
residue and (S_residue) and glyphosate residue (G_residue)in lentilseed atSaskatoon in2012
and 2013 and at Scott in 20L3.


+, **,*++ 
, significant at the 0.05,0.01, and 0.001 probability levels, respectively.


o 
Thousand-seed weight data were avetaged across Saskatoon 2012, Saskatoon 2013, and Scott 2013.


NA: not applicable (tirning tlial at Scott, Saskatchewarr in 2012 was destroyed by hail damage)


P values


Source S residue G residue


Saskatoon 2012 Saskatoon 2013 Scott 2013 Saskatoon 2012 Saskatoon 2013 Scott 2013


Herbicide (H) <.0001* * * 0.0025* * 0.2509 0.0006* * * NA NA


Timing (T) <.0001* * * 0.0003 * * * <.0001* * * <0.0001* * * NA NA


HxT 0.2448 0.0484* 0.6567 0.5151 NA NA


558Appeal Book, Tab 6L9







Saflufenacil Residue at Saskatoon in 2012
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Figure 5 Relationships between saflufenacil residue and application timing (% seed moisture
content) for Saskatoon 2OL2.


Figure 6 Relationships between saflufenacil residue and application timing (% seed moisture
content) for Saskatoon 201-3.
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Saflufenacil Residue at Scott in 2013
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Figure 7 Relationships between saflufenacil residue and application timing (% seed moisture


content) for Scott 2013.


Glyphosate residue


Seed samples treated with glyphosate residue at the first three replications were sent to ALS lab


for herbicide residue test. To fulfill the two assumptions of variance analysis, glyphosate residue


data were transformed logarithmically at Saskatoon in2012. The interaction between herbicide
treatments and application timing was not significant. A significant linear relationship between
glyphosate residue on a logarithmic scale and application timing was observed (Figure 8).


Glyphosate residue increased constantly with higher application seed moisture (Figure 8).


According to the results, glyphosate residue would not go over 4 ppm until application seed


moisture equal or more than 40o/o for both harvest aid treatments. When the harvest aids were


applied at around 25o/o seed moisture content, glyphosate residue was less fhan2 ppm. What is


more, glyphosate residue significantly decreased when applied tank mixture (Figure 8).
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Figure 8 Relationships between glyphosate residue and application timing (% seed moisture
content) at Saskatoon in 2OL2.


2.7 Discussion:


Saskatoon 2012 and Saskatoon 2013 had similar yield results (Figure I and Figure 2). Lower
yield was found when application seed moisture content ranged from approximately 55Yo to 60%
compared to control (Figure 1 and Figure 2). These results indicated that some young lentil pod
had not reached their physiological maturity when the harvest aids applied at early application
timing. Similar results show that too early an application timing (ranging from 600/o to 50Yo


application seed moisture content) can reduced crop yield due to fewer crop seeds getting chance
to become mature were also reported in rice and soybean (Bond and Bollich ,2007; Griffin and
Boudreaux, 201l).


At Scott in2013, yield was not affected by harvest aids treatments (Figure 4). No significant
regression was detected. At30% application seed moisture, yield data were lower than the other
application timings, which was different from results at Saskatoon (2012 and 2013). This could
be resulted from high relative humidity (RH) application conditions. Lentil cannot tolerate high
moisture conditions (Saskatchewan Pulse Growers, 2011). So high RH at 30Yo application timing
rnight make lentil become more susceptive to herbicide treatlnents, resulting in yield reductions
compared to other application timings. These results demonstrated that both application tirning
and environmental conditions for herbicide application were critical. For lentil growers, warm
and moderate moist conditions are good to spray harvest aids (Saskatchewan Ministry of
Agriculture ,2013).


Apparently, compared to control, thousand seed weight was badly affected when using harvest
aid treatments at 50Yo and 600/o application tirnings. As mentioned above, young pods might have


561Appeal Book, Tab 6L9







not entered the maturity stage when harvest aids were applied at theses timings. So, for these


immature lentil pods, they had less time at seed development, leading to the decreased thousand-
seed weight. Griffin and Boundreaux (201l) also found seed weight reductions with 50% and


60/o application seed moistures.


Saflufenacil possessed xylem mobility in plant and can destroy plant phloem quickly (Hall and


Ashigh, 2010), and its residue can be found in lentil seeds in this field study. Saflufenacil residue


in lentil seeds decreased with delayed harvest aid application at Saskatoon in both2012 and2013
years (Figure 5 and Figure 6). As was expected, lower herbicide residue was also observed when
using tank mix treatment (Figure 5 and Figure 6), because the rate of saflufenacil applied alone
(50 g ai ha-') is higher than that in tank mixture (36 g ai ha-r). However, different responses of
saflufenacil residue to harvest aids were detected at Scott in 2013. 50% application timing had


the highest herbicide residue among all timings. The climate data showed that the temperature at


50% was higher than the other timings (Governrnent of Canada,2013). The activity of
saflufenacil herbicide might be limited by the low temperature environment conditions. Lower
saflufenacil residue was detected at the other four application seed moistures but not the 50%


application timing. Some countries have maximum residue limit (MRL) for saflufenacil. These
MRL values vary in countries. So far, for lentil, the international codex of MRL is 0.3 ppm (FAS


online, 2014). Based on the three site-years data, all treatments will not make high saflufenacil
residue than 0.3 ppm.


For glyphosate residue results, at Saskatoonin2012. The data of glyphosate residue


demonstrated that earlier application might result in higher glyphosate residue in lentil seed.


Glyphosate is a systemic herbicide, which translocates slowly in phloem and move with nutrients
to seed during (Govemment ofAlberta,2009). At early stage of lentil seed development, a lot of
organic nutrients will be sent to seeds (Government of Alberta, 2009). Therefore, more
glyphosate will enter seeds with other nutrients when harvest aid treatment applied too early.
Less glyphosate residue was detected in combination treatment compared with glyphosate
applied alone (Figure 8). As mentioned previously, saflufenacil, as a contact like herbicide, can
destroy plant phloem where glyphosate translocates. So glyphosate has fewer chances to go up


through phloem and enter lentil seeds when tank mixed with saflufenacil. Similar results were
observed by Hall and Ashigh (2010) on buckwheat, cabbage and canola. As mentioned
previously, high glyphosate herbicide in lentil seeds may result in commercial issue. The MRLs
in Canada is 4 ppm which is lower than that in United State (8 ppm), European countries (10


ppm) (Fasonline,2014). For some countries, which have not set MRLs for lentil will follow
international codex (5 ppm) (Fasonline, 2014). But MRL is 2 pprn in Japan (Fasonline, 2014).


According to the one site-year data, around 25o/o application seed moisture did not cause huge
damage on seed yield and quality depending on the three site-years data. But the label of the


three herbicides state 30% seed noisture content is safe to apply these harvest aids
( Saskatchewan Ministry of Agricultu r al, 20 1 3).
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Lentil is one of the most important and widely grown 
pulse crops in western Canada, with production 
totals of approximately 2.0 million tonnes in 2015 


(Agriculture and Agri-Food Canada, 2016). Nevertheless, 
harvesting lentil remains a challenge because the indetermi-
nate growth habit of lentil, combined with variability in fi eld 
conditions, can result in non-uniform maturity (Saxena, 2009) 
that can decrease seed quality and slow harvesting operations 
(Saskatchewan Pulse Growers, 2011; Alberta Pulse Growers, 
2013). Growers frequently desiccate lentil crops at physiologi-
cal maturity (Zhang et al., 2016) to improve lentil dry down, 
lower seed moisture for storage, and control late-emerging 
weeds to reduce weed seed return to the seedbank. Collectively, 
this allows for early harvesting and enhances lentil harvest 
effi  ciency (Ali et al., 2009; Saskatchewan Pulse Growers, 2011; 
Alberta Pulse Growers, 2013).


Herbicides registered in Canada as lentil desiccants include 
diquat [6,7-dihydrodipyrido[1,2-a:2’,1’-c]pyrazinediium 
dibromide], glyphosate [N(phosphonomethyl)glycine], 
safl ufenacil [N-{2-chloro-4-fl uoro-5-[1,2,3,6-tetrahydro-
3-methyl-2,6-dioxo-4-(trifl uoromethyl)pyrimidin-1-yl]
benzoyl}-N-isopropyl-N-methylsulfamide], and glufosinate 
[(RS)-2-amino-4-(hydroxy(methyl)phosphonoyl)butanoic 
acid] (Saskatchewan Ministry of Agriculture, 2016). Th ese 
herbicides are applied late in the growing season, and improper 
timing can result in reduced seed yield, seed weight, and 
quality, as well as unacceptable herbicide residues in the seed 
(Cessna et al., 1994, 2000; Bennett and Shaw, 2000: Cessna et 
al., 2002; Boudreaux and Griffi  n, 2011). Unacceptable levels of 
seed residue cause trade issues if residue levels exceed the maxi-
mum residue limits (MRL) for importing countries.


Glyphosate is commonly used as a harvest aid in Canadian 
pulse and cereal crops. It provides perennial grass and broadleaf 
weed control, and can reduce the time between physiologi-
cal maturity and harvest (Cessna et al., 2000, 2002; Zhang 
et al., 2016). Th e recommended application timing is typi-
cally when the crop is at or below 30% seed moisture content 
(Saskatchewan Ministry of Agriculture, 2016). However, if 


Early	Application	of	Harvest	Aid	Herbicides	Adversely	Impacts	Lentil


Ti	Zhang,	Eric	N.	Johnson,	Thomas	C.	Mueller,	and	Christian	J.	Willenborg*


Published in Agron. J. 109:239–248 (2017)
doi:10.2134/agronj2016.07.0419
Received 19 July 2016
Accepted 1 Nov. 2016


Copyright © 2017 by the American Society of Agronomy
5585 Guilford Road, Madison, WI 53711 USA
All rights reserved


ABSTRACT
Applying harvest aid herbicides can dry down lentil (Lens culi-
naris Medik.) crops evenly and quickly, and can help control 
late-emerging weeds. However, improper application timing 
may reduce yield and quality, and leave unacceptable herbicide 
residues in seed, which can cause commercial issues when mar-
keting lentil. Th e objective of this research was to determine the 
response of lentil to various application timings of glyphosate, 
safl ufenacil, and the combination of these two herbicides. A fi eld 
experiment consisting of a randomized complete block design 
was run at Saskatoon and Scott, SK, Canada in 2012, 2013, and 
2014 to address the objective. Application of harvest aid herbi-
cides before 30% seed moisture content reduced seed yield and 
thousand seed weight up to 25 and 8%, respectively. Moreover, 
application timings before 30% seed moisture resulted in lentil 
seed samples exceeding residue levels of 2.0 and 0.03 mg kg–1 


for glyphosate and safl ufenacil, respectively. Adding safl uf-
enacil to glyphosate did not reduce glyphosate residue in lentil 
seed compared to glyphosate applied alone. However, this tank 
mixture signifi cantly reduced seed residues of safl ufenacil and 
improved crop desiccation compared with either glyphosate or 
safl ufenacil applied alone. Our data lead us to conclude that a 
tank mix of safl ufenacil+glyphosate should be recommended 
for crop desiccation and pre-harvest weed control in lentil over 
using either product alone. In addition, it is critical to ensure 
applications of glyphosate or safl ufenacil are not made prior to 
30% seed moisture in lentil crops.
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Core Ideas
•	 Improper application timing of harvest aids may reduce lentil 


seed yield and quality, and leave unacceptable herbicide residues 
in seed.


•	 Application of harvest aids before 30% seed moisture content 
reduced lentil seed yield and thousand seed weight.


•	 Th ese application timings resulted in lentil seed samples exceed-
ing residue levels of 2 and 0.03 mg kg–1 for glyphosate and 
safl ufenacil, respectively.
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glyphosate is applied to crops that have not reached physiologi-
cal maturity, the herbicide may be translocated to developing 
seeds, resulting in residue levels exceeding MRLs (Cessna et 
al., 1994, 2000; 2002). In 2011, the European Union rejected 
shipments of Canadian lentils due to glyphosate seed residues 
over 0.1 mg kg–1 (Pratt, 2011). Maximum residue limits vary 
by crop, herbicide, and foreign market requirements (Bryant 
Christie Inc., 2015); therefore, it is critical to ensure residues 
are below acceptable levels to ensure market acceptance.


Saflufenacil, a protoporphyrinogen IX oxidase inhibitor with 
rapid crop dry-down, has recently been introduced to the market 
and is newly registered as a desiccant in lentil (Grossmann et 
al., 2011; Zhang et al., 2016). Safluflenacil has both contact and 
systemic activity via limited translocation through the phloem 
and xylem, and could translocate to sucrose sinks such as seeds. 
Therefore, saflufenacil residues may be a concern for growers 
when applied as a harvest aid at early crop growth stages. Similar 
to glyphosate, major importing countries also have set MRLs for 
saflufenacil (Bryant Christie Inc., 2015).


Saflufenacil provides more rapid weed control than glypho-
sate, but does not provide adequate control of perennial weeds 
in lentil fields (Baylis, 2000). Ideally, growers should apply both 
products if they are seeking rapid crop dry-down and perennial 
weed control. Zhang et al. (2016) reported that saflufenacil 
tank-mixed with glyphosate and applied at 30% seed moisture 
content enhanced crop desiccation compared to the untreated 
control and either herbicide applied alone; however, the ben-
efit was not consistent across environments. Knezevic et al. 
(2009) reported similar results indicating that a saflufenacil + 
glyphosate tank-mix improved weed control for several species. 
In contrast, Ashigh and Hall (2010) showed that the activ-
ity of glyphosate was reduced in plants when combined with 
saflufenacil due to saflufenacil’s rapid contact activity, which 
accelerated cell death and decreased glyphosate translocation to 
meristematic tissues. In addition, saflufenacil translocation was 
reduced in glyphosate-susceptible plants by adding glyphosate.


The European Union’s rejection of Canadian lentil ship-
ments in 2011 had a significant negative impact on the 
Canadian pulse industry, and it raised questions about effective 
management of residues in lentil. It is now imperative that pro-
ducers follow good management practices to ensure that resi-
due limits are not exceeded. Data on the effect of application 
timing of glyphosate and saflufenacil on lentil desiccation, seed 
yield, seed weight, and seed residues is limited. Consequently, 
research was undertaken to determine the effect of glyphosate, 
saflufenacil, and glyphosate + safluenacil tank-mix application 
timing on these parameters.


MATERIALS AND METHODS
Experiment Site and Design


A field trial was conducted at Saskatoon 
(52.13° N, 106.64° W) and Scott, (52.1° N, 106.3° W), SK, 
Canada, from 2012 to 2014. However, the trial at Scott in 2012 
was lost due to hail damage. The soil at both sites is a Dark 
Brown Chernozem (Typic Boroll). Soil texture at Saskatoon 
ranged from clay to sandy loam with a pH of 7.5 to 7.9 and an 
organic matter content of 2.4 to 4.5%. Soil at Scott is a silty 
loam with a pH of 5.3 to 6.8 and an organic matter content of 
2.4 to 2.6%.


Plots were set up in a randomized complete block design 
with four replications per treatment. Two experimental factors 
were used in the study: herbicide treatment (glyphosate, safluf-
enacil, and the tank mixture of glyphosate plus saflufenacil) 
and application timings (60, 50, 40, 30, and 20% seed moisture 
content). An unsprayed control also was included in the study. 
Individual plot sizes were 2 m wide by 6 m long and 2 m wide 
by 5 m long at Saskatoon and Scott, respectively.


Experimental Procedure


The cultivar used in the trial was CDC Maxim, an imidazo-
linone-resistant variety that is the most commonly grown cul-
tivar in western Canada. Prior to planting, seeds were treated 
with Apron Maxx RTA [0.73% fludioxonil (4-(2,2-difluoro-
1,3-benzodioxol-4-yl)-1H-pyrrole-3-carbonitrile); 1.10% 
metalaxyl-M and S-isomer [methyl 2-(N-(2-methoxyacetyl)-
2,6-dimethylanilino)propanoate)] at a rate of 325 mL per 
100 kg seed. Seeds were also inoculated (2.76 mL kg–1) with 
Liquid Nodulator (BASF, Research Triangle Park, Durham, 
NC) containing Rhizobium leguminosarum biovar viceae in 
2012, or with Tag Team (Monsanto BioAg, St. Louis, MO) 
Granular (2.8 kg ha–1) containing Rhizobium leguminosarum 
and Penicillium bilaii in 2013 and 2014. Lentil was direct-
seeded into chem-fallow plots at a depth of 3 cm. Seeding 
was performed with a small plot drill equipped with single 
shoot hoe openers on 22 cm row spacing. Planting dates at 
Saskatoon were 17, 12, and 14 May in 2012, 2013, and 2014, 
respectively; the Scott site was planted on 21 and 12 May in 
2013 and 2014, respectively. The plant density targeted was 
130 lentil plants m–2, with seeding rates adjusted for germina-
tion test results. Plots were rolled at both sites immediately 
following planting. Fertilizer was not applied as soil test recom-
mendations did not call for the addition of nutrients.


At Saskatoon, ethalfluralin [N-ethyl-N-(2-methylprop-2-enyl)-
2,6-dinitro-4-(trifluoromethyl)aniline] was applied at a rate of 
1400 g a.i. ha–1 each fall prior to plot establishment the follow-
ing spring. Glyphosate (675 g a.e. ha–1) was applied prior to crop 
emergence, while post-emergence weed control was achieved with 
a tank mix of imazamox plus imazethapyr [5-ethyl-2-(4-methyl-5-
oxo-4-propan-2-yl-1H-imidazol-2-yl)pyridine-3-carboxylic acid; 
30 g a.i. ha–1] applied between the five- to six-node stage. Any 
weeds not controlled by herbicides were removed by hand. At the 
early flowering stage, prothioconazole {2-[2-(1-chlorocyclopropyl)-
3-(2-chlorophenyl)-2-hydroxypropyl]-1H-1,2,4-triazole-3-
thione} was applied (166 g a.i. ha–1) to control ascochyta blight 
(Ascochyta fabae f.sp. lentis), with a second application of chloro-
thalonil (2,4,5,6-tetrachlorobenzene-1,3-dicarbonitrile) applied 
(1500 g ha–1) at the early pod stage. At Scott, imazethapyr was 
applied (13 g a.i. ha–1) for weed control each fall prior to plot 
establishment. Pre-emergence weed control was achieved with 
glyphosate (900 g a.e. ha–1) applied immediately after planting, 
while an in-crop application of quizalofop (ethyl (2R)-2-[4-(6-
chloroquinoxalin-2-yl)oxyphenoxy]propanoate; 420 g a.i. ha–1) 
was made at the four-node-stage of crop development. Preventative 
disease control was achieved with boscalid applied {2-chloro-
N-[2-(4-chlorophenyl)phenyl]pyridine-3-carboxamide; 
294 g a.i. ha–1} at early flowering.


Harvest aid herbicides were foliar-applied as follows: 
glyphosate at 900 g a.e. ha–1, saflufenacil at 50 g a.i ha–1, and 
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glyphosate at 900 g a.e. ha–1 plus saflufenacil at 36 g a.i. ha–1 
(Table 1). All herbicide rates were based on label recommenda-
tions (Saskatchewan Ministry of Agriculture, 2016). Merge 
(BASF, Research Triangle Park, Durham, NC) adjuvant (50% 
surfactant and 50% petroleum hydrocarbons solvent) was 
added to treatments containing saflufenacil at a rate of 1 or 
0.5 L ha–1 when applied alone or with glyphosate, respectively 
(Saskatchewan Ministry of Agriculture, 2016). Application 
timings and application dates are shown in Tables 1 and 2. 
Products were applied based on seed moisture content in 10% 
seed moisture decrements (60, 50, 40, 30, and 20%) to facilitate 
regression analysis. Herbicides were applied with a CO2–pres-
surized backpack sprayer (110-015 AirMix nozzle at 45 cm 
spacing) at Saskatoon in 2012 and 2013 and with an air-pres-
surized tractor mounted sprayer equipped with shielding (110-
015 AirMix nozzles at 45 cm spacing) at Saskatoon in 2014. 
At Scott, a CO2–pressurized bicycle sprayer (110-003 AirMix 
nozzles, at 25 cm) was used. Sprayer speed and application pressure 
were calibrated to deliver 200 L ha–1 of spray carrier volume.


Prior to the application of harvest aid herbicide treatments, 
a random subsample of plants (10 plants per plot) was excised 
from border plots and bulked to create a composite seed sample 
on which seed moisture content could be determined for each 
application timing. Each composite seed sample was weighed 
(fresh weight), placed in paper bags and dried in an oven at 
80°C for 24 h to determine dry weight. Seed moisture content 
(SMC) of each sample was calculated by the following equation:


( ) ( )-
= ×SMC 100%f d


f


M M


M
 [1]


where Mf is fresh weight of the composite seed samples, and Md 
is the dry weight of the composite seed samples.


DATA COLLECTION
Desiccation (plot visual color change) was rated 7, 14, and 


21 d after each harvest aid herbicide application (DAA) based 
on a visual scale of 0 to 100%, where 0 indicates no visible 
symptoms and 100 indicates complete plant mortality. The 
three visual ratings were used to determine desiccation progress 
over time, which is calculated by the area under the desiccation 
progress curve (AUDPC):
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where D1, D2, and D3 represent observed desiccation ratings 
at each evaluation day; t1, t2, and t3 represent the number of 
the days after each herbicide application (Jeger and Viljanen-
Rollinson, 2001; Simko and Piepho, 2012). The AUDPC equa-
tion converted the three desiccation ratings and crop moisture 
contents into a single relative value for the purpose of report-
ing; the greater the calculated AUDPC value, the further 
desiccation had progressed between ratings (McNaughton et 
al., 2015).


Lentil plots were harvested with a small plot combine at 
both sites. The harvested sample was weighed, cleaned with a 
dockage tester, and weighed again to determine clean seed yield 
adjusted to 13% seed moisture content. Thousand seed weight 
(TSW) was determined by counting and weighing 250 seeds 
and multiplying by a factor of four.


Glyphosate residues at Saskatoon (2012 and 2013) and 
Scott (2013) were assessed on three samples of each treatment 
containing glyphosate and an untreated control as per Zhang 
et al. (2016). Each 250-g sample was collected at 7 DAA from 
border rows, cleaned, placed into plastic bags and kept in a 
freezer at –20°C until all samples were collected. Collecting 
glyphosate residues 7 DAA may have biased the samples toward 


Table	1.	Herbicide	treatments,	rates,	and	application	timings	(percent	seed	moisture	content)	for	each	herbicide	treatment	evaluated	at	
Saskatoon	and	Scott,	SK,	from	2012	to	2014.


Common	name Trade	name Rate Manufacturer Application	timing
g	a.e.	ha–1/g	a.i.	ha–1 %


Glyphosate Roundup 900 Monsanto	Canada, 60
WeatherMax Winnipeg,	MB 50


40
30
20


Saflufenacil† Heat 50 BASF	Canada	Inc., 60
Mississauga,	ON 50


40
30
20


Glyphosate+Saflufenacil‡ 900	+	36 60
50
40
30
20


†	Merge	at	1	L	ha–1	was	added	to	saflufenacil.
‡	Merge	at	0.5	L	ha–1	was	added	in	the	tank	mixture	of	saflufenacil+glyphosate.
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Table	2.	Dates	of	application	timings	and	environmental	conditions	(temperature	at	time	of	application	and	relative	humidity)	for	each	
herbicide	treatment	in	timing	trials	at	Saskatoon	and	Scott,	SK,	from	2012	to	2014.


Site Year Application	timing Application	date Temperature Relative	humidity
% °C %


Saskatoon 2012 60 17	Aug. 26.0 43.1
50 20	Aug. 29.0 33.0
40 28	Aug. 27.0 43.0
30 30	Aug. 16.0 55.0
20 6	Sept. 20.0 49.0


2013 60 9	Aug. 20.1 56.1
50 14	Aug. 20.3 69.0
40 16	Aug. 27.0 64.1
30 19	Aug. 30.1 30.5
20 23	Aug. 19.5 63.0


2014 60 12	Aug. 30.0 29.0
50 15	Aug. 24.0 66.7
40 19	Aug. 29.0 51.0
30 27	Aug. 30.0 35.5
20 5	Sept. 15.0 58.6


Scott 2012 na† na na na
2013 60 20	Aug. 13.4 73.9


50 23	Aug. 17.0 50.1
40 29	Aug. 19.6 74.5
30 3	Sept. 12.2 83.8
20 12	Sept. 10.7 61.8


2014 60 12	Aug. 19.1 70.8
50 15	Aug. 22.5 73.8
40 19	Aug. 20.4 69.3
30 22	Aug. 13.8 46.9
20 27	Aug. 21.0 49.3


†	na:	no	applicable	data	recorded	due	to	hail	damage.


Table	3.	P	values	derived	from	analysis	of	variance	of	area	under	desiccation	progress	curve	(AUDPC),	lentil	seed	yield,	thousand	
seed	weight	(TSW),	glyphosate	residue	(GR),	and	saflufenacil	residue	(SR)	as	influenced	by	herbicide	(H),	and	application	timing	(T)	at	
Saskatoon	and	Scott,	SK,	from	2012	to	2014.


Source AUDPC Yield TSW GR SR
P	value


Site-year	(SY) 0.094 0.111 0.104 0.251 0.438
Timing	(T) 0.806 0.083 0.256 0.018* 0.000***
Herbicide	(H) 0.045* 0.725 0.705 0.240 0.067
T	×	H 0.003*** 0.003** 0.045* 0.367 0.079
SY	×	T 0.005** 0.030* 0.046* 0.051 0.110
SY	×	H 0.068 0.040* 0.388 0.244 0.150
SY	×	T	×	H 0.422 0.202 0.055 0.219 0.023*
*	Significant	at	the	0.05	probability	level.
**	Significant	at	the	0.01	probability	level.
***	Significant	at	the	0.001	probability	level.


Table	4.	P	values	derived	from	analysis	of	variance	of	fixed	effects	(herbicide	and	application	timing)	for	the	area	under	desiccation	prog-
ress	curve	(AUDPC)	at	Saskatoon	and	Scott,	SK,	from	2012	to	2014.


Source


AUDPC
P	value


Saskatoon	2012 Saskatoon	2013 Saskatoon	2014 Scott	2013 Scott	2014
Herbicide	(H) <0.001*** 0.247 0.003** 0.279 0.368
Timing	(T) <0.001*** 0.001*** 0.016* <0.001*** 0.077
H	×	T 0.010** 0.393 0.188 0.145 0.328
*	Significant	at	the	0.05	probability	level.
**	Significant	at	the	0.01	probability	level.
***	Significant	at	the	0.001	probability	level.
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higher residue levels as growers typically harvest lentils around 
12 to 14 DAA, but we wanted to ensure our values represented 
the upper bound of those likely to occur under field condi-
tions. Samples were sent to ALS Laboratories in Edmonton, 
AB, Canada. Using a standardized process provided by ALS 
Laboratories, high performance liquid chromatography 
(HPLC) using column switching and post-column derivatiza-
tion with fluorescence detection was employed to determine 
glyphosate residues (Zhang, 2015).


Saflufenacil residue data was collected for both Saskatoon 
(2012, 2013, and 2014) and Scott (2013 and 2014) locations. 
Cleaned seed samples (75 g) were collected at 21 DAA (just 
prior to harvest), dried at 14°C in a paper bag, and then kept 
in a freezer at –20°C until processed. Because growers often 
harvest prior to 21 DAA, saflufenacil residues presented here 
may be lower than those expected under commercial produc-
tion. Liquid chromatography-mass spectrometry (LC-MS) 
was used to determine the saflufenacil residues as per Mueller 
et al. (2014). Saflufenacil concentrations were determined by 
comparison to standards of known concentration responses. 
Saflufenacil recoveries were >97% based on fortified untreated 
samples, so concentrations were not corrected for percent 
recovery (data not shown). The lower limit of detection of this 
procedure was 5.6 × 10–4 mg kg–1 of lentil seeds; all saflufe-
nacil-treated samples had detectable saflufenacil residues.


STATISTICAL ANALYSIS
Residuals were tested for normality and homogeneity of 


variances with PROC UNIVARIATE and Levene’s test, 
respectively (SAS Institute, 2014). Where residuals did not 
conform to the assumptions of ANOVA, heterogeneous vari-
ance structures were modeled with mixed models. All data 
were analyzed using the MIXED Procedure in SAS 9.3 (SAS 
Institute, 2014). Herbicide treatments and application timings 
were considered fixed effects in the model, while site-year (envi-
ronmental effects), replication (nested within site-year), and the 
interaction between fixed and environmental effects initially 
were treated as random effects.


The significance of random effects and their interactions 
with fixed effects was assessed with the COVTEST option in 
PROC MIXED (SAS Institute, 2014). Meanwhile, scatterplots 
of variables were observed to determine whether data could 
be combined for analysis. Where data could not be combined, 
data were treated as fixed effects and analyzed within site-years. 
Single degree of freedom contrasts were used to make specific 
preplanned comparisons of interest. Where ANOVA indicated 
a significant effect of application timing, data were subjected 


to linear and quadratic regression analysis using PROC REG 
(SAS Institute, 2014).


RESULTS AND DISCUSSION
Lentil Desiccation


The interaction of site-year × application timing was signifi-
cant for desiccation progress (AUDPC) and thus, data were 
analyzed within site-years (Table 3). The herbicide × applica-
tion timing interaction did not affect crop desiccation except 
at Saskatoon in 2012, so desiccation data were combined across 
three herbicide treatments for the other 4 site-years (Table 4). 
Lentil desiccation (AUDPC) decreased linearly with later 
application timings at Saskatoon in 2013 only (Fig. 1). There 
was no relationship between AUDPC and application timing 
at any of the other site-years. The Saskatoon 2013 data exhib-
ited a similar pattern to that reported by McNaughton et al. 
(2015), where dry bean (Phaseolus vulgaris L.) desiccation was 
consistently reduced at higher seed moisture contents. On the 
other hand, since there was no relationship between application 
timing and AUDPC at most of our locations, it indicates that 
either lentil desiccation is less responsive to application timing 
than dry bean, or that the effect of application timing varies 
with environmental conditions.


Across five application timings, orthogonal contrasts showed 
that saflufenacil alone, or mixed with glyphosate, resulted in 
faster desiccation than glyphosate applied alone at Saskatoon 
2012 and Saskatoon 2014, respectively (Table 5). There was 
no difference between treatments at the remaining 3 site-
years. These results are consistent with Zhang et al. (2016) 
wherein saflufenacil + glyphosate resulted in better desiccation 
than either herbicide applied alone in some environments, 
but the response was not consistent across all environments 
tested. Soltani et al. (2013) and McNaughton et al. (2015) 
also reported that the addition of saflufenacil to glyphosate 
increased dry bean desiccation compared to each herbicide 
applied alone, which corroborates our results.


Generally, crop desiccation varied between site-years, likely 
due to variables such as temperature and relative humidity 
(Table 2). Interestingly, site-years that exhibited no variation 
in patterns with delayed application timings tended to have 
lower temperature at later application timings (Table 2). This 
probably slowed crop desiccation rate compared to earlier 
application timings, as reported by Wilson and Smith (2002). 
Similar observations by Moyer et al. (1996) showed higher tem-
perature and reduced rainfall contributed to more rapid alfalfa 
(Medicago sativa L.) desiccation.


Table	5.	Orthogonal	contrasts	for	area	under	desiccation	progress	curve	(AUDPC)	of	each	herbicide	treatment	at	various	application	
timings	(percent	seed	moisture	content).	Each	value	is	the	estimate	of	the	difference	between	means	at	Saskatoon	and	Scott,	SK,	from	
2012	to	2014.


Herbicide	compared
AUDPC


Saskatoon	2012 Saskatoon	2013 Saskatoon	2014 Scott	2013 Scott	2014
Glyphosate	vs.	saflufenacil –144*** 6 –30 13 –19
Glyphosate	vs.	glyphosate+saflufenacil –190*** –51 –95*** –20 –40
Saflufenacil	vs.	glyphosate+saflufenacil –46 –57 –66* –34 –22
*	Significant	at	the	0.05	probability	level.
***	Significant	at	the	0.001	probability	level.
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Lentil Seed Yield
The effects of site-year  × timing (P = 0.0161), and site-


year  × herbicide (P = 0.0382) were statistically significant for 
yield data (Table 3), but scatterplots of yield data (not shown) 
showed consistent patterns across site-years. Moreover, the 
interactions of site-year × application timing and site-year × 
herbicide occupied relatively small proportions of the total sum 
of squares (5 and 9%, respectively) and showed little influence 
on model performance. Based on this, seed yield data were 
pooled across all site-years.


An interaction between herbicide treatment and applica-
tion timing necessitated an analysis within herbicide treat-
ments (Table 3). Glyphosate alone did not affect lentil yield, 
regardless of application timing (Fig. 2). Similar effects were 
observed across all application timings for saflufenacil applied 
alone, with the exception of 60% seed moisture content, where 
yield decreased by 22% compared to the untreated control 
(untreated control yield = 3358 kg ha–1, Fig. 2). Lentil yield 
also decreased at earlier application timings (i.e., 60% seed 
moisture content) when glyphosate was tank mixed with 
saflufenacil (Fig. 2). In fact, lentil yield was 25% greater when 


Fig.	1.	The	relationship	between	area	under	the	desiccation	progress	curve	(AUDPC)	and	application	timing	at	(A)	Saskatoon	2012,	
(B)	Saskatoon	2013,	(C)	Saskatoon	2014,	(D)	Scott	2013,	and	(E)	Scott	2014.	Regression	equation	across	three	herbicide	treatments	at	
(B)	Saskatoon	2013:	Y	=	–6.06x	+	1327.70,	R2	=	0.967,	P	=	0.0167.	No	relationship	was	observed	for	herbicides	at	any	other	site-year.	
Error	bars	represent	one	standard	error	of	the	mean.
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the tank mixture of saflufenacil + glyphosate was applied at 
20% seed moisture compared with 60% seed moisture content 
(Fig. 2). Saflufenacil and glyphosate did not reduce yield at any 
of the application timings when compared to the untreated 
control (Fig. 2). Contrasts showed no differences between the 
untreated control and the average of the three herbicides across 
application timings, indicating desiccants did not reduce seed 
yield when compared to the untreated control (Table 6).


Our results showed that lentil seed yield was gener-
ally reduced by an early application of saflufenacil (Fig. 2). 
However, seed yield was not adversely impacted by herbicide 
treatments when applications were made at or below 50% mois-
ture content (Fig. 2). At early application timings lentil pods 
are unlikely to have reached physiological maturity. Similar 
results have been reported in other legume crops. Boudreaux 
and Griffin (2011) reported sizeable yield reductions in soy-
bean when harvest aid herbicides were applied at 50 to 60% 
seed moisture, but applications at moisture contents lower than 


40% seed moisture did not have adverse effects on seed yield. 
McNaughton et al. (2015) found that glyphosate or saflufenacil 
applied alone or in a tank mix increased dry yield as applica-
tions were progressively delayed toward lower seed moisture 
contents. Results from our study indicate that 50% seed mois-
ture content is earliest that applications could safely be made to 
lentil without compromising yield.


Thousand Seed Weight


The interactions between site-year, herbicide treatment, and 
application timing with respect to TSW were not significant 
so data were combined across site-years (Table 3). Due to an 
interaction between herbicide treatment and application timing, 
TSW data were analyzed within individual herbicide treatments 
(Table 3). No statistical relationship between TSW and applica-
tion timing was detected when glyphosate was applied alone, 
but quadratic responses were observed for both saflufenacil and 
the tank mixture of glyphosate + saflufenacil (Fig. 3). The TSW 


Fig.	2.	The	relationship	between	seed	yield	and	application	timing	
across	5	site-years	in	Saskatchewan.	Regression	equation	for	the	
tank	mixture	of	glyphosate+saflufenacil:	Y	=	–0.2x2	+	3940.4,	R2	=	
0.7935,	P	=	0.0426.	No	relationship	was	observed	for	glyphosate	
or	saflufenacil	applied	alone.	Points	represent	glyphosate	(closed	
squares);	points	represent	saflufenacil	(open	diamond);	points	
represent	glyphosate	+	salfufenacil	(dash	+	dot	dot	+	closed	
circle).	Control	yield	was	3358.0	±	252.0	kg	ha–1.	Error	bars	
represent	one	standard	error	of	the	mean.


Table	6.	Orthogonal	contrasts	of	yield,	thousand	seed	weight	(TSW),	glyphosate	residue	(GR),	and	saflufenacil	residue	(SR)	for	specific	
herbicide	treatments	of	interest	at	Saskatoon	and	Scott,	SK,	from	2012	to	2014.	Each	value	is	the	estimate	of	the	difference	between	
means	for	each	treatment.


Treatments	compared Yield TSW GR SR
Kg	ha–1 g ––––––––––  mg kg–1	––––––––––


Control	vs.	glyphosate –66.6 1.9* na† na
Control	vs.	saflufenacil 10.9 2.1** na na
Control	vs.	glyphosate+saflufenacil –207.3 2.1** na na
Glyphosate	vs.	saflufenacil 77.5 0.3 na na
Glyphosate	vs.	glyphosate+saflufenacil –140.7 0.2 1.1 na
Saflufenacil	vs.	glyphosate+saflufenacil –218.2 0.0 na 0.0085*
*	Significant	at	the	0.05	probability	level.
**	Significant	at	the	0.01	probability	level.
†	na:	no	applicable	data	recorded	due	to	absence	of	glyphosate	or	saflufenacil	in	treatments.


Fig.	3.	The	relationship	between	thousand	seed	weight	
and	application	timing	across	5	site-years	in	Saskatchewan.	
Regression	equation	for	saflufenacil:	Y	=	–0.0015x2	+	0.0469x + 
39.3940,	R2	=	0.9680,	P	=	0.032;	regression	equation	for	the	
tank	mixture	of	glyphosate+saflufenacil:	Y	=	–0.0004x2 + 
39.7278,	R2	=	0.7969,	P	=	0.0415.	No	relationship	was	observed	
between	TSW	and	glyphosate	applied	alone.	Points	represent	
glyphosate	(closed	squares);	points	represent	saflufenacil	(open	
diamond);	points	represent	saflufenacil	+	glyphosate	(closed	
circle).	Control	TSW	was	40.6	±	0.8	g.	Error	bars	represent	
one	standard	error	of	the	mean.
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increased from 36.8 to 39.8 g when saflufenacil was applied at 60 
and 20% seed moisture content, respectively (Fig. 3). However, 
compared to the untreated control (TSW = 40.6 g), there was 
no reduction in TSW with saflufenacil application unless it was 
applied at 60% seed moisture content (Fig. 3). The tank mixture 
treatment of glyphosate+saflufenacil exhibited a similar curvi-
linear relationship with seed moisture content wherein TSW 
decreased as moisture content increased to a minimum of 37.7 
g at 60% seed moisture, although this did not differ statistically 
from the untreated control (Fig. 3).


Although there was no relationship between application 
timing and seed moisture content when glyphosate was applied 
alone, contrasts indicate that the overall TSW mean from 
glyphosate application was lower than the untreated control 
(Table 6). This agrees with Ratnayake and Shaw (1992), who 
reported that glyphosate did not affect soybean TSW if applied 
between the R5 (beginning seed development) and R8 (full 
seed maturity) growth stages in soybean. Saflufenacil, on the 
other hand, produced a decrease in TSW when applications 
were made beyond 50% seed moisture (Fig. 3), which is in 
agreement with findings by McNaughton et al. (2015) in dry 
bean. Bennett and Shaw (2000) and Boudreaux and Griffin 
(2011) both reported substantial reductions in soybean seed 
weight when desiccants were applied prior to 40% seed mois-
ture content. The differences we observed between glypho-
sate and saflufenacil probably result from the slow action of 
glyphosate at early growth stages, which permitted more time 
for seed growth prior to the arresting of seed development. 
Alternatively, it is possible that saflufenacil rapidly limited 
lentil growth, which resulted in less time for seed development 
and lower seed weights. Although the impact of glyphosate 
application timing was not obvious in this study, saflufenacil 
treatments displayed adverse effects on TSW at 60% seed 
moisture content. Consequently, growers must avoid early 
application of these desiccants, but applying the tank mixture 
treatment is an alternative, as it did not have adverse effects on TSW.


Herbicide Residues


There was no interaction between herbicide treatment and 
application timing (P = 0.3670) and thus, data were pooled 
across herbicide treatments (Table 3). Glyphosate residue gen-
erally increased as treatments were made at progressively more 
immature growth stages (higher moisture contents) (Fig. 4). 
For example, glyphosate seed residues increased from 0.7 at 
20% seed moisture to 6.2 mg kg–1 at 60%, which represents an 
approximate ninefold increase (Fig. 4). Contrasts showed that 
adding saflufenacil to glyphosate did not influence glyphosate 
residues (Table 6).


The accumulation of glyphosate residue in lentil seed is cru-
cial for lentil exporters because importing countries may reject 
lentil shipments if the glyphosate residue exceeds the MRL 
(Pratt, 2011). In the current study, average glyphosate residues 
did not exceed 2.0 mg kg–1 at the 30% application timing, nor 
did they exceed 4.0 mg kg–1 at 40% application timing (Fig. 4). 
These values are not above the new EU MRL of 10 mg kg–1, 
which was established in 2012. However, our results show 
that average glyphosate residues do exceed the Canadian and 
Japanese limits of 4.0 and 2.0 mg kg–1, respectively, and could 
exceed international CODEX levels of 5.0 mg kg–1 (Bryant 


Christie Inc., 2015). It is therefore critical that growers do not 
apply glyphosate as a harvest aid when seed moisture content is 
above 30%. Our results also show that applications made prior 
to 40% seed moisture content consistently produced higher 
glyphosate residues. At early seed developmental stages, seeds 
are major sucrose sinks and glyphosate will translocate to those 
developing seeds. As the crop matures, the demand for sucrose 
from these sinks declines and less glyphosate is translocated to 
the developing seeds, resulting in reduced glyphosate residues 
(Zhang et al., 2016).


Although there was a site-year × timing × herbicide interac-
tion for saflufenacil residue data, further examination of the 
data and residuals indicated that saflufenacil residue responded 
consistently to treatments across all site-years; therefore, the 
data were pooled. There was no herbicide treatment × applica-
tion timing interaction for saflufenacil residues so data were 
combined across herbicide treatments (Table 3). Saflufenacil 
residues consistently decreased as application timing was pro-
gressively delayed (Fig. 4B). For example, saflufenacil residues 
in seed harvested 21 DAA decreased approximately 85% as 
application timing was delayed from 60 to 20% seed moisture 
content. Contrasts showed that tank-mixing saflufenacil and 
glyphosate decreased saflufenacil residues further compared to 


Fig.	4.	The	relationship	between	herbicide	residue	and	application	
timing	averaged	across	two	herbicide	treatments	at	3	site-years	
in	Saskatchewan.	(A)	Regression	equation	of	glyphosate	residue	
across	two	herbicides:	Y	=	0.0019x2	–	0.2377,	R2	=	0.9339,	P	=	
0.0074.	(B)	Regression	equation	of	saflufenacil	residue	across	
two	herbicides:	Y	=	0.0000072x2	+	0.0001433,	R2	=	0.9372,	P	=	
0.0068.	Error	bars	represent	one	standard	error	of	the	mean.
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saflufenacil applied alone (Table 6). This is not surprising given 
that as per label recommendations (Saskatchewan Ministry of 
Agriculture, 2016), a 65% rate of saflufenacil was used in the 
tank mixture (Table 1).


An interesting finding was a lack of differences in glyphosate 
residues if glyphosate was applied alone compared to the tank 
mix treatment of saflufenacil + glyphosate. Other research 
has also found that the addition of saflufenacil to glyphosate 
did not reduce seed residues, with an exception of applica-
tion at 50% crop maturity in dry bean (McNaughton et al., 
2015). Zhang et al. (2016) reported that saflufenacil did not 
consistently reduce glyphosate residues when applied at 30% 
seed moisture content; however, tank mixes with other contact 
herbicides such as diquat and glufosinate generally resulted in 
lower glyphosate residues. Our results contrast with Ashigh 
and Hall (2010), who reported that glyphosate activity in 
plants was limited by adding saflufenacil, which can destroy 
plant phloem quickly. The contrasting results may be due to 
lower sensitivity of pulse crops to saflufenacil (Zhang et al., 
2016) compared with the brassicaceous species used in Ashigh 
and Hall (2010), or they may be due to differences in applica-
tion timing as applications were made at the three- to four-leaf 
stages in that study.


Saflufenacil can be translocated in xylem and phloem 
(Ashigh and Hall, 2010; Soltani et al., 2010) and therefore, 
its residue is detectable in seeds. The lowest current acceptable 
MRL for saflufenacil residue in lentil seed is 0.03 mg kg–1 set 
by the European Union (Bryant Christie Inc., 2015). In our 
study, saflufenacil residues generally increased with earlier 
application timing (Fig. 4B). Saflufenacil applied alone at 60 
and 50% seed moisture resulted in unacceptable seed residue 
levels, exceeding 0.03 mg kg–1 in some cases. However, we 
found that saflufenacil residues were lower in the glyphosate 
tank-mix treatment, and did not exceed 0.03 mg kg–1, regard-
less of application timing. This can be partially attributed to 
the lower rate of saflufenacil in the tank mixture (36 g a.i. ha–1) 
compared with saflufenacil applied alone (50 g a.i. ha–1). It is 
also possible that reduced saflufenacil residues may result from 
reduced saflufenacil translocation with the tank mixture, as 
glyphosate has been shown to limit the translocation of saflufe-
nacil in glyphosate-susceptible canola (Ashigh and Hall, 2010). 
Alternatively, saflufenacil residues in dry bean did not change 
with the addition of glyphosate compared with the application 
of saflufenacil alone (McNaughton et al., 2015). Based on these 
contrasting results, the interaction between saflufenacil and 
glyphosate in lentil needs further investigation.


CONCLUSIONS
Application of desiccants below 30% seed moisture content, 


when lentil was close to physiological maturity, did not impact 
seed yield or TSW, and did not result in lentil seed samples that 
exceeded residue levels of 2 and 0.03 mg kg–1 for glyphosate 
(sampled 7 DAA) and saflufenacil (sampled 21 DAA), respec-
tively. Although glyphosate residue levels were substantially 
lower in the tank mixture, adding saflufenacil to glyphosate 
did not reduce glyphosate residue in lentil seeds compared 
to glyphosate applied alone. It did, however, improve crop 
desiccation and reduce seed residues of saflufenacil compared 
with either glyphosate or saflufenacil applied alone. This tank 


mixture should also improve weed control over using either 
herbicide alone and offers two distinct modes of action, which 
is important to delay the evolution of herbicide resistance. 
Therefore, we recommend a tank mix of saflufenacil + glypho-
sate for crop desiccation and pre-harvest weed control in lentil 
over using either product alone. Regardless of the product 
chosen, our results with respect to seed residue levels show it is 
imperative to ensure applications of glyphosate or saflufenacil 
are not made prior to the 30% seed moisture stage. Further, 
consideration must be given to accurately determining 30% 
seed moisture content across fields with variable topography 
containing low areas, swales, and north aspects, which can dry 
down at much different rates than other areas of the field.
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The science and art of dry bean desiccation
Dr. Jeanette Gaultier and Dr. Rob Gulden
Despite their name, dry beans (Phaseolus vulgaris L.) really aren’t all that dry. At 16%, the maximum safe storage moisture for dry beans is
higher than most other field crops. Dipping below 16% moisture content may cause an increase in split seed coats and cracked or shriveled
beans, important quality considerations for this crop. Conversely, storing dry beans at moistures above 17% can lead to heating and
spoilage, other downgrading factors. Not surprisingly, managing dry bean moisture content just prior to harvest and storage is paramount
for growers.


The science of desiccation


Grower surveys conducted in the U.S. and Canada indicate that between 60 and 85% of dry bean acres are treated with a desiccant in any
given year. And bean growers have a variety of desiccants and harvest aids to choose from (Table 1; referred to desiccants here on).


The group 22 bipyridilium herbicides diquat and paraquat
have the longest use history in dry beans and are often
used as the standard to which all other desiccants are
compared. Products containing these active ingredients are
contact herbicides that disrupt plant cell membranes and
photosynthesis, resulting in rapid dry down of plant material.
Desiccation typically occurs within hours to a few days,
which sometimes works against these products, as rapidly
necrosing plants material limits further uptake and
movement. For this reason, and opposite to most
desiccants, diquat and paraquat are best applied at dusk or
on a cloudy day.


 


Group 22 desiccant products are also non-selective and
provide burndown of weed top growth in addition to the
crop. Research conducted in bean-growing regions across
Canada showed that treatment with diquat resulted in 65 to
80% burnoff of green foxtail, lamb’s quarters, ragweed, and
redroot pigweed within eight days of application (Table 2).
Coverage is essential for any contact product, so applying
diquat and paraquat in adequate water volumes improves
efficacy on weeds.


 


Newer desiccant products often contain group 14 herbicides, which inhibit protoporphyrinogen oxidase, an enzyme required for chlorophyll
biosynthesis. Although this directly affects photosynthesis, inhibition of this pathway results in an overproduction of protoporphyrin, a
photosensitizing molecule that, in large amounts, produces free radicals that disrupt plant cell membranes. It’s this effect on cell
membranes that causes necrosis of plant material. Unlike diquat and paraquat, desiccant products containing a group 14 herbicides work
best when applied on warm, sunny days since the presence of sunlight is required to activate this process.


 


Research shows that flumioxazin and saflufenacil provide as good or slightly better desiccation of dry beans than diquat and take only
slightly longer to do so. While these products assist in weed burnoff, they are not nearly as effective as diquat on weeds. Unlike the other
group 14 desiccants, carfentrazone is slow acting, resulting in less dry bean and weed desiccation two weeks after application compared
with other products. Combining carfentrazone with glyphosate (e.g., CleanStart) significantly increased the extent of both crop and weed
dry down, a synergistic effect not observed when other desiccants were mixed with glyphosate.


Rounding out the contact products are the herbicides glufosinate-ammonium, which is registered only in Eastern Canada, and sodium
chlorate, which is registered in the U.S. By inhibiting the enzyme glutamine synthase, glufosinate-ammonium affects amino acid production
and photosynthesis and causes a buildup of ammonia in plants. Although glufosinate-ammonium is not the fastest-acting desiccant, eight
days after application it provides similar dry bean and weed desiccation to diquat (Table 2). Sodium chlorate draws moisture out of plants
by directly affecting water potential. Although there is little information on its efficacy, especially when used alone, grower surveys in the
U.S. indicate that sodium chlorate is used consistently on a small number of dry bean acres.


Glyphosate is the only systemic herbicide registered for use prior to harvest of dry beans. When applied pre-harvest, glyphosate moves to
both the growing points and storage structures (including roots and seeds) of plants to target EPSP synthase, which prevents production of
certain amino acids and diverts energy from essential plant processes. This process affects the entire plant causing death and necrosis of
green material. 
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Although not a true desiccant, glyphosate is the product of
choice for many dry bean growers. While glyphosate won’t
desiccate dry beans as quickly or to the same extent as the
other products, given 7 to 14 days, it will enhance crop dry
down compared with untreated beans (Table 2). And while
weed top growth is also not desiccated as consistently as
with the other products, glyphosate is the only herbicide that
will provide control of winter annuals and perennials by
moving to growing points and root tissue.


The art of desiccation


Proper application timing is critical regardless of the product
used since desiccants neither bring about nor speed up dry
bean maturity. The traditional recommendation was to apply
a desiccant once dry beans reached physiological maturity
(i.e., once seeds are fully mature and only need to dry
down). But a scan of scientific literature suggests that
physiological maturity of dry beans is reached at some point
less than approximately 50% moisture content while the
application of desiccants is generally not recommended
until seed moisture is at about 30% or less. Fortunately,
desiccant labels now typically include visual cues, such as
pod, leaf, and stem color, and/or percent leaf drop, to
describe application timing. Product labels also may provide
a pre-harvest interval (PHI) that outlines the minimum
number of days that must pass between desiccant
application and harvest, which may or may not coincide with
application timing.


Research has shown that, even with properly timed
application, desiccant use tends to decrease seed weight and yield relative to untreated dry beans although the differences are usually
small. Conversely, seed weight and yield decreased significantly when saflufenacil was applied at various timings before 100% of dry bean
maturity. Surprisingly, application of glyphosate before 75 to 100% dry bean maturity resulted in only small decreases in yield despite
statistically significant lower seed weight. Premature application of both glyphosate and saflufenacil also caused a two- to fourfold increase
in the incidence of damaged beans after harvest compared with the properly timed applications and the untreated check.


Equally important, and perhaps more newsworthy, is the effect of improper application timing on desiccant residues in dry bean seed.
Maximum residue limits (MRLs) are the upper limit of a pesticide residue that is allowed to occur in a particular food product, such as dry
beans. Each country is responsible for setting its own MRLs, often resulting in a range of allowable residue levels for a particular pesticide
in a particular commodity among countries. Unfortunately, dry bean growers are no strangers to MRL issues.


The contact nature of most desiccant products means that herbicide residue levels in dry beans tend to be small, regardless of application
timing. In general, measured values are less than 0.1 parts per million (ppm) for diquat and glufosinate-ammonium and less than 0.05 ppm
for carfentrazone, flumioxazin, and saflufenacil across dry bean classes. Application timing effects are small, as illustrated by a study that
found that saflufenacil residues ranged from 0.6 to 1.2 parts per billion when applied to dry beans at 100 and 0% maturity, respectively.


However, that doesn’t mean that these products are without MRL concerns. In many cases, residue tolerances can be exceeded simply
because an MRL has not been established in all markets. For example, MRLs for carfentrazone and flumioxazin are yet to be established
for dry bean by Codex, the MRL database that many importing countries subscribe to. Also, although measured residues of glufosinate-
ammonium were low, research has shown that they often exceeded the 0.2 ppm MRL set by Europe and the U.S. for cranberry, pinto, and
navy beans.


Opposite to the contact desiccants, glyphosate moves preferentially to growing points, which after flowering, are largely the seeds. This can
lead to an accumulation of this herbicide in dry bean seed, especially when applied too early. Currently, at 2 ppm, the MRL for glyphosate in
dry beans in Europe and Japan is lower than the MRLs in either Canada or the U.S. Research and experience has shown that even
properly timed glyphosate application may result in residues that exceed 2 ppm in certain bean classes such as cranberry beans. For most
other bean classes, using glyphosate on dry beans nearing maturity will not lead to residues that exceed 2 ppm.


Application of glyphosate prior to 75 to 100% dry bean
maturity significantly increases the risk of unacceptable
residues levels, regardless of bean class (Fig. 1). This effect
is generally less pronounced when glyphosate is tank-mixed
with diquat, flumioxazin, glufosinate-ammonium, and
saflufenacil as the contact products’ rapid plant dry down
slows the movement of glyphosate. However, glyphosate
residues can still exceed MRLs when used in combination
with another product. Also worth noting is the fact that
glyphosate breakdown is minimal in the seed. Therefore,
when relying on this herbicide alone or when using it with
other desiccants, application timing should be delayed to
limit glyphosate accumulation in bean seed.


 


Conclusions


The benefits of dry bean desiccation are hard to dispute—
faster and more uniform crop dry down, desiccation of


weeds that may cause staining, improved harvestability, and capture of bean quality by timely crop removal. With the range of desiccant
products available in Canada and the U.S., dry bean growers can select the product or tank mix products to best suit their needs in any
given year. But desiccation is a science that requires finesse. Regardless of the product(s) being used, agronomists and growers must
ensure proper application to maximize desiccant efficacy while limiting negative impacts to quality, including unacceptable herbicide residue
levels.
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Science Management Committee Meeting 


Thursday, June 29, 2017 
Room D720 


9:00 a.m. to 12:00 p.m. 
 


AGENDA     
 


#  Time Item Guests 
1   9:00 Welcome and review of the agenda 


 
Neilda Sterkenburg 
 


2    
 


9:00 SOC Update  
 
 


Neilda Sterkenburg 


3    9:05 Review of Forward Agenda 
 
5 min 


Neilda Sterkenburg 


4    9:10 Pentachlorophenol Special Review 
 
VRD  25 min 


Yu Liu 


5    9:35 Carbaryl Special Review  
 
VRD 5 min 


Yu Liu 


6    9:40 Fluroxypyr  Re-evalulation 
 
VRD  10 min 


Jennifer Whitteker 


7    9:50 Glyphosate Notice of Objection: Eligibility 
Presentation 
 
RD  20 min 


Charles Smith 


8    10:10 Aminoethoxyvinylglycine Re-Evaluation 
 
VRD 10 min 


Lynn Lee, Jun Wang 


9    10:20 Emergency Registration – Standing item 
 
VRD 15 minutes  


 
 
 


10    10:35 RD Tracker – Standing item 
 
RD 5 min 


Neilda Sterkenburg 


11    10:40 OECD / NAFTA / CODEX / FPT / RCC and other 
key project updates – Standing item 
 
10 minutes 


 
 
 
 


12    10:50 Round Table  All 


2019-02-27 4:09:08 PM 
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Science Management Committee Meeting 


 
Thursday, June 29, 2017 


Room D720 
9:00 – 12:00 


 
 


MINUTES 
 
Chair: Neilda Sterkenburg (A/CRO) 
 
Members:  Sean Muir (for Neilda Sterkenburg, RD), Scott Kirby (EAD), Jason Flint (PCRAD), 
Ila Cornish (for Diana Dowthwaite, CLSROD), Bio Aikawa (for Margherita Conti, VRD), Peter 
Chan (HED) 
  
Guests/ Observers: Martha Farkas (RD), Terri Stewart (VRD), Michelle Kivi (EAD), Andrew Ha 
(RD), Guillaume Clement-Mathew (VRD), Regi Mathew (VRD), Yu liu (VRD, Jennifer Whitteker 
(VRD), Charles Smith (RD), Lynn Lee (VRD) 
 
Secretariat: Michelle Morrison (RD) 
 
# Time Item Decision / Outcomes 
1 
  


9:00 Welcome and review of the 
agenda 
  


The agenda was approved.  


2 9:00 SOC Update   An update of the SOC meeting was provided. 


3 9:00 Review of Forward Agenda Forward Agenda was reviewed 


4 9:05 Pentachlorophenol Special 
Review 
Yu Liu 
VRD 20 min 


Based on discussions around the table, the 
briefing note will be revised and recirculated 
to SMC members for decision.  


5 9:15 Carbaryl Special Review 
 
Yu Liu 
VRD 15 min 


SMC supports the publication of the special 
review decision.  


6 9:30 Fluroxypyr Re-evaluation 
 
Jennifer Whitteker 
VRD 15 min 


SMC supports the proposed re-evaluation 
decision and the publication of the PRVD. 


7 9:35 Glyphosate Notice of 
Objection: eligibility 
presentation 
 
Charles Smith 
RD 20 min 


Today’s meeting was to provide a heads up 
to the members on the number of Notice of 
Objections received to date. The item will 
return to SMC with more analysis highlighting 
the areas of objections –health, environment-
value. 


8  Aminoethoxyvinylglycine Re-
Evaluation  
 


SMC supports the re-evaluation decision and 
the publication of the PRVD. 
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Lynn Lee 
VRD 20 min 


9 9:40 Emergency Registration (ER) – 
Standing Item 


 
VRD 
15 minutes 


No ERs to update. 
 
 
 


   
 


10 10:10 RD Tracker – Standing item 
 
5 minutes 


No update 


11 10:30 OECD / NAFTA / CODEX / FPT / 
RCC and other key project 
updates – Standing item 
 
10 minutes 


FPT – there was a call on June 28, 2017. 
Topics of discussion were: dual claim 
products (VRD presentation) and water 
monitoring out west. Issues raised were 
regarding concerns of the number of repeat 
emergency registrations. Environment 
groups would like more information on these 
repeat requests. 


12 10:15 Round Table 
 
All 


 
  


 10:40  Meeting Adjourned 
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June 29, 2017   ITEM# 7     
 PROTECTED B 
 
 Science Management Committee Briefing 
  
SUBJECT/ISSUE:    Glyphosate: Notice of Objections (NoO) 
  Re-evaluation Decision Document (RVD2017-01: Glyphosate) 
 
CLASSIFICATION:   Discussion/Decision 
 
TIME NEEDED:   20 min 
 
NAME OF SPONSOR:   Charles Smith (RD) 


 
A. BACKGROUND  
  
• As per the Pest Control Products Act and the guidance document DIS2007-01, any person may file a 


notice of objection (NoO) on a scientific basis, requesting the reconsideration of a major registration 
decision, on which the public was previously consulted, within 60 days after the final decision. 


 
• Applications for a NoO are reviewed and presented to SMC for a decision on whether there is a 


need to convene a panel of experts in relation to assessing the objection.  
 


• The basis for objecting must be based on scientific grounds.  
o Objections that concern matters of general regulatory practices, claim allegations of bias or 


concern an issue on which the PMRA has available recent independent expert opinion are not 
valid basis for objection. 


 
• A review panel may be established depending: 


o on whether the information in the notice raises scientific-founded doubt as to the validity of 
the evaluations, on which the decision was based, of the health and environmental risks and 
the value of the pesticide; and  


o on whether the advice of the expert scientists would assist in addressing the subject matter of 
the objection.  


 
• The re-evaluation of glyphosate for all registered uses as a herbicide for the control of a broad 


range of weeds was presented to SMC on September 11, 2014.  
 The Proposed Re-evaluation Decision document (PRVD2015-01: Glyphosate) was 


published April 13, 2015 
 


• The implementation schedule for re-evaluation decision of glyphosate was presented to SMC on 
June 2, 2016. 
 The Re-evaluation Decision document (RVD2017-01: Glyphosate) was published April 


28, 2017. 
 


• The overall finding from the re-examination of glyphosate is highlighted as follows:  
o Glyphosate is not genotoxic and is unlikely to pose a human cancer risk.  
o Dietary (food and drinking water) exposure associated with the use of glyphosate is not 


expected to pose a risk of concern to human health.  
o Occupational and residential risks associated with the use of glyphosate are not of concern, 


provided that updated label instructions are followed.  
o The environmental assessment concluded that spray buffer zones are necessary to mitigate 
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potential risks to non-target species (for example, vegetation near treated areas, aquatic 
invertebrates and fish) from spray drift.  


o When used according to revised label directions, glyphosate products are not expected to pose 
risks of concern to the environment.  


o All registered glyphosate uses have value for weed control in agriculture and non-agricultural 
land management.  
 


• The decision was to grant continued registration of products containing glyphosate with 
requirements of additional label updates to further protect human health and the environment.  
o To comply with this decision, the required label changes must be implemented on all 


product labels sold by registrants no later than 24 months after the publication date of this 
document.   


 
• Three Notice of Objections were received in response to RVD2017-01: Glyphosate. 
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Current notices of objection 
 
1. Josette Wier and Dr. David Bowering (Sub. No. 2017-2843) 
 


• The NoO application was submitted in the form of a letter to the Minister dated May 31, 2017. 
 No Notice of Objection form was submitted. 


 
• Objection: 


 
 PMRA decision relied on both EPA and EFSA reviews of glyphosate. However,  based 


on documents revealed as a result of lawsuit in US, the scientific integrity of the EPA and 
EFSA may be compromised. 


 
• Summary of Objection: 


 
 Josette Wier and Dr. David Bowering sent a letter directly to Minister Philpot (May 31, 


2017) which was to be accepted as an official Notice of Objection. 
 


 Objectors claim that an on-going law suit will reveal documents i.e. "The Monsanto 
Papers" which show Monsanto influenced the EPA, colluded with specific EPA officials 
to influence both the EPA and EFSA reviews and that there was internal disagreement in 
EPA over the safety assessment.  


 
 The Objector claims the "Monsanto Papers" cast doubt on the reliability and legitimacy 


of the evaluation of the genotoxicity and carcinogenicity of glyphosate by the EPA and 
EFSA on which the PMRA analysis relies and, therefore, the science is not "settled". 


 
 As the "Monsanto Papers" were not available during the PMRA re-evaluation but are 


now or soon will be, PMRA should consider this information before extending the 
registration of glyphosate for an extended period. Objector claims these documents 
strongly suggest undue corporate and political interference in the scientific review 
process and this in turn has undermined the legitimacy of the PMRA approval decision.  


 
• Documentation in Support 


 
 1. Web Site 
  - A link to the web site "USRTK", which stands for "U.S. Right to Know" and the article  
  is entitled "The Monsanto Papers: MDL Glyphosate Cancer Case Key Documents &  
  Analysis".   
 
 2. Letter 
  - Dr. Christopher J. Portier, Former Director US National Center for Environmental  
  Health and Former Director US Agency for Toxic Substances and Disease Registry to  
  Mr. J.C. Juncker, President of the European Commission, May 28, 2017. 
 
  - The Objectors use this letter to reinforce the points they made regarding the possible  
  manipulation of data and the hiding of data used by the EFSA in its finding that   
  glyphosate is unlikely to be carcinogenic or genotoxic.   
 


• Eligibility Recommendation for this NoO 
 


 The applicant has fulfilled the eligibility criteria for submitting a notice of objection.  
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Therefore, the information submitted by the applicants will be reviewed by the PMRA to 
determine if there is sufficient evidence to reconsider the Re-evaluation Decision 
document (RVD2017-01: Glyphosate). 


 
2. Dr. John Balatinecz (Sub. No. 2017-2975) 
 


• The NoO application was submitted in the form of an e-mail to the Minister dated June 19, 2017. 
 No Notice of Objection form was submitted. 


 
• Objections:   


 
 PMRA did not consider glypohsate behaving as "synthetic" analogue of amino acids and 


adversely impacting human protein and enzyme development and use. 
 


 PMRA decision relied on both EPA and EFSA reviews of glyphosate and the recent 
lawsuit puts these reviews in question.  


 
• Summary of Objection: 


 
 Dr. John Balatinecz sent a letter directly to Minister Philpot (June 19, 2017) which was to 


be accepted as an official Notice of Objection. There are 2 main points. 
 
  1. PMRA did not consider new information that glyposate may act as a “synthetic”  
  analogue of the natural amino acid glycine, and when ingested via residues in the food- 
  chain, glyphosate gets incorporated into human proteins (including enzymes &   
  hormones), and consequently causing them to malfunction, and ultimately resulting in  
  various diseases over time.  


o The scientific evidence behind this is detailed in a paper: Glyphosate 
pathways to modern diseases V: amino acid analogue of glycine in diverse 
proteins by Drs. Samsel & Seneff (Journal of Biological Physics & 
Chemistry16—9-46 (2016).  


o The facts presented in the paper have huge implications for human & animal 
health & disease. 


  
 Recent US Court documents confirm that there was/is criminal collusion between the 


EPA and Monsanto concerning the continued registration & use of glyphosate in the US 
o As the PMRA uses data & information from the EPA in its re-evaluation, the 


validity & objectivity of such data is now potentially in doubt.  
o Therefore, PMRA should discard this compromised information.  
o The use of industry-conducted & sponsored studies cannot be viewed as 


objective. These should not be included in PMRA's re-evaluation.  
  


• Closing paragraph in Dr. Balatinecz's letter: 
 


 "In order to protect the integrity of the Canadian process, you might consider appointing 
an independent expert panel to advise you to make the right & unbiased decision. Clearly, 
too much is at stake with public & environmental health both involved. The evidence 
from independent science globally is overwhelmingly against the continued use of this 
toxic herbicide. One recent study, from the prestigious New York University Medical 
School, estimates the annual damage to human health in the US as over $340 Billion (a 
staggering sum)." 
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• Documentation in Support 
 
 1. Web Site 
  - A link to the web site "USRTK", which stands for "U.S. Right to Know" and the article  
  is entitled "The Monsanto Papers: MDL Glyphosate Cancer Case Key Documents &  
  Analysis".   
 
 2. Scientific Paper 
  - Glyphosate pathways to modern diseases V: amino acid analogue of glycine in diverse  
  proteins by Drs. Samsel & Seneff (Journal of Biological Physics & Chemistry16—9-46  
  (2016)) 
 


• Eligibility Recommendation for this NoO 
 


 The applicant has fulfilled the eligibility criteria for submitting a notice of objection.  
Therefore, the information submitted by the applicants will be reviewed by the PMRA to 
determine if there is sufficient evidence to reconsider the Re-evaluation Decision 
document (RVD2017-01: Glyphosate).  


 
3. Baetrice Olivastri (CEO) and Andrea Lesperance (Researcher, Friends of the Earth:  (Sub. No. 2017-
XXXX) 
 


• The Notice of Objection form was addressed to the Minister dated June 23, 2017. 
 


• Objections:   
 


 PMRA decision relied on both EPA and EFSA reviews of glyphosate and the recent 
lawsuit puts these reviews in question based on newly released documents.  


 
 The issue of different MRLs in Canada vs other regulatory jurisdictions and the results of  


CFIA 2015-2016 food monitoring which found glyphosate residues in food and the 
resulting exposure of Canadians to glyphosate.  


 
• Summary of Objection: 


 
 Objectors are concerned that the PMRA re-evaluation of glyphosate overlaps with a series of lawsuits 


against Monsanto in relation to their glyphosate science and corresponding actions. As such, they 
believe it inappropriate for the PMRA to approve a re-registration until these legal issues are 
resolved.  


 
 Glyphosate was found in 29.7% of samples, and residues above MRLs were found in 


1.3% of samples. 
 


 Canadians’ exposure to glyphosate based on testing results showing glyphosate residues 
in tested bean/pea/lentil products, infant cereal and infant food. 


 
• Documentation in Support 


 
 None provided, however, application form referenced several documents 


 
• Eligibility Recommendation for this NoO 
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 The applicant has fulfilled the eligibility criteria for submitting a notice of objection.  
Therefore, the information submitted by the applicants will be reviewed by the PMRA to 
determine if there is sufficient evidence to reconsider the Re-evaluation Decision 
document (RVD2017-01: Glyphosate).  


 
Considerations 
 
Under Section 36 of the PCPA, there is an option for the Minister to suspend the decision (Re-evaluation 
decision) until the Notice of Objection review is complete or until the review panel is dissolved.  
 
Section 36 The filing of a notice of objection or the establishment of a review panel does not suspend the 
decision under review, but the Minister may suspend the decision until a final decision is made on 
completion of the review or until the review panel is dissolved. 
 
OPTIONS: 
 
1. Proceed with Notice of Objections and do not suspend re-evaluation registration decision under review 
while NoO review proceeds. 
 
2. Proceed with Notice of Objection and suspend re-evaluation registration decision until completion of 
NoO review. 
 
RECOMMENDATIONS: 
 


• Establish BL 1 science team, from Health Evaluation Division to evaluate the information 
provided. 


• Proceed with the review of the scientifically based Notices of Objection and report back to SMC. 
 
NEXT STEPS: 
 
To be determined at SMC. 
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Science Management Committee Meeting 


Thursday, July 6, 2017 
Room D720 


9:00 a.m. to 12:00 p.m. 
 


AGENDA     
 


#  Time Item Guests 
1   9:00 Welcome and review of the agenda 


 
Joanna O’Reilly  
 


2    
 


9:05 SOC Update  
 
 


Minoli Silva 


3    9:10 Review of Forward Agenda 
 
5 min 


Joanna O’Reilly 


4    9:15 Glyphosate: Notice of Objection (NoO) 
Re-evaluation Decision Document (RVD2017-01: 
Glyphosate) 
 
RD 20 minutes 


Jamie Munro 


5    9:35 Trounce – discussion 
 
CLSROD 20 min 


Kathy Stapleton 


6    9:55 Emergency Registration – Standing item 
 
Avian Control (Reg. No. 32233; 20% methyl 
anthranilate) 
 
VRD 20 minutes  


 
Catharine Hooper 
 


7    10:15 RD Tracker – Standing item 
 
RD 5 min 


Joanna O’Reilly 


8    10:20 OECD / NAFTA / CODEX / FPT / RCC and other 
key project updates – Standing item 
 
10 minutes 


 
 
 
 


9    10:30 Round Table  All 


2019-02-27 4:09:56 PM 
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Science Management Committee Meeting 


 
Thursday, July 6, 2017 


Room D720 
9:00 – 12:00 


 
 


MINUTES 
 
Chair: Joanna O’Reilly (A/CRO) 
 
Members:  Stacie Steige (for Neilda Sterkenburg, RD), Scott Kirby (EAD), Mireille Prudhomme 
(for Jason Flint PCRAD), Diana Dowthwaite (CLSROD), Regi Mathew (for Margherita Conti, 
VRD), Peter Chan (HED) 
  
Guests/ Observers: Martha Farkas (RD), Michelle Kivi (EAD), Ila Cornish Hogan (CLSROD), 
Kathy Stapleton(CLSROD), Connie Moase (HED), Anne Lapierre (SPFBOD), Minoli Silva (RD), 
Jamie Munroe (RD), Yad Bhuller (HED), Olivia D’Souza (VRD), Jessica Roberts (VRD), Andrea 
Martin (VRD), Trevor Satchwill (HED) 
 
 
Secretariat: Michelle Morrison (RD) 
 
# Time Item Decision / Outcomes 
1 
  


9:00 Welcome and review of the 
agenda 
  


The agenda was approved.  


2 9:00 SOC Update   An update of the SOC meeting was provided 


3 9:05 Review of Forward Agenda Forward Agenda was reviewed 


4 9:15 Glyphosate: Notice of 
Objection re-evaluation 
decision document (RVD2017-
01:Glyphosate) 
 
Jamie Munro 
RD, 20 minutes 


SMC agreed that a review team is to be set 
up (expand as necessary) in order to review 
all the NoO received and not suspend the re-
evaluation decision under review.   


5 9:15 Trounce: discussion 
 
 
 
 
Kathy Stapleton 
CLSROD  20 minutes 


This item was tabled for general discussion 
as the sponsoring area following an 
inspection whereby it was discovered that 
there was a contradiction with labelling. The 
item will return to SMC for further discussion 
around options for corrective action to be 
taken.  


6 9:40 Emergency Registration (ER) – 
Standing Item 


 
Avian Control (Reg. No. 
32233: 20% methyl 


 
 


   
SMC supports the review of the ER 


822Appeal Book, Tab 6P







anthranilate) 
Andrea Martin, VRD 
15 minutes 


application.  


7 10:10 RD Tracker – Standing item 
 
5 minutes 


No update 


8 10:30 OECD / NAFTA / CODEX / FPT / 
RCC and other key project 
updates – Standing item 
 
10 minutes 


FPT – the annual FPT annual meeting has 
been scheduled for November 21, 22 and 23, 
2017 in Calgary AB. 


9 10:15 Round Table 
 
All 


 
 PCRAD – notified the table of a translation 
modification that Legal Services has advised 
the translation group to make to the term 
“active ingredient”. It should be translated in 
French as “principe actif”, and not “matière 
actif” as was previously used. An email to 
this effect will be forthcoming.  
 
EAD – conducting TSMP assessments on 3 
active ingredients; PCP, PCA and 
quinoxyfen. These assessments have been 
shared with Environment Canada (EC) for 
comments. EC’s comments have been 
received that indicate partial concurrence. 
EAD will seek a meeting with EC to review 
comments in order to come to an agreement. 
 
Chair – advising Science DG’s to work with 
RD to set up electronic signatures for the 
process being piloted this summer.  


 10:15  Meeting Adjourned 
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July 6, 2017   ITEM#  4   
 PROTECTED B 
 
 Science Management Committee Briefing 
  
SUBJECT/ISSUE:    Glyphosate: Notice of Objection (NoO) 
  Re-evaluation Decision Document (RVD2017-01: Glyphosate) 
 
CLASSIFICATION:   Discussion/Decision 
 
TIME NEEDED:   20 min 
 
NAME OF SPONSOR:   Charles Smith / Jamie Munro (RD) 


 
A. BACKGROUND 
 


• Three Notice of Objections received in response to RVD2017-01: Glyphosate were presented to 
SMC 2017-06-29. See Appendix 2 for previous briefing note.   


o Four additional Notice of Objections have been received. 
o A Reading Room request has been made to access confidential test data cited. 
o SMC requested that a table summarizing all the Notice of Objections be brought back to 


SMC. This is provided in Appendix 1. 
 
B CONSIDERATIONS 
 
Under Section 36 of the PCPA, there is an option for the Minister to suspend the decision (Re-evaluation 
decision) until the Notice of Objection review is complete or until the review panel is dissolved.  
 
Section 36 The filing of a notice of objection or the establishment of a review panel does not suspend the 
decision under review, but the Minister may suspend the decision until a final decision is made on 
completion of the review or until the review panel is dissolved. 
 
C OPTIONS: 
 
1. Proceed with Notice of Objections and do not suspend re-evaluation registration decision under review 
while NoO review proceeds, as the re-evaluation resulted in the addition of more protective risk 
mitigation measures on the label.  
 
2. Proceed with Notice of Objection and suspend re-evaluation registration decision until completion of 
NoO review. 
 
D RECOMMENDATIONS: 
 


• Establish BL 1 science team, from Health Evaluation Division to evaluate the information 
provided. 


• Proceed with the review of the scientifically based Notices of Objection and report back to SMC. 
 
E NEXT STEPS: 
 
To be determined at SMC 
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Appendix 1:  Current Notices Of Objection Table 
 
Submission 
number  


Person/ Association Review Stream Impacted and Areas of Concern 
Toxicology Food Residues Occupational 


Exposure 
Environment Enforcement General  


2017-2843 Josette Wier and Dr. 
David Bowering 


Genotoxicity  
 
Carcinogenicity  


    Overall 
assessment is 
invalid due to 
legal action in the 
US (“Monsanto 
Papers”) 


2017-2975 Dr. John Balatinecz Glypohsate acts as an 
analogue of amino 
acids which impacts 
human health  


  Glypohsate 
acts as an 
analogue of 
amino acids 
which impacts 
animal health 


 Overall 
assessment is 
invalid due to 
legal action in the 
US " 


2017-3015 Baetrice Olivastri 
and Andrea 
Lesperance of 
Friends of the Earth 


Toxicity. MRLs . 
 
Residues found in food 


   Overall 
assessment is 
invalid due to 
legal action in the 
US 


2017-3047 Mary Lou 
McDonald, 
president of Safe 
Food Matters Inc.,  
 


Reduced PCPA 
factor 


MRLs 
 
Residues in crops exceed 
MRLs 
 
Increased  dietary exposure  
 
Use on additional non-
conventional crops  
 
Reduced PCPA factor. 
 
Consumption of desiccated 
crops  


Post application 
exposure 


 Labels  
 
Enforcement  
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Submission 
number  


Person/ Association Review Stream Impacted and Areas of Concern 
Toxicology Food Residues Occupational 


Exposure 
Environment Enforcement General  


2017-3055 Équiterre; David 
Suzuki Foundation; 
Canadian 
Association of 
Physicians for the 
Environment; 
Environmental 
Defence; Prevent 
Cancer 
 


Human microbiomes  
 
Detailed list of 
impacts on human 
health provided. 
 
Co-formulants  


Effects on chemistry and 
mobility of nutrients and 
toxicants in soils and foods 
 


 Milkweed / 
monarch 
butterfly 
decline 
 
Impact on soil 
microbes 
 
soil depletion 
 
Buffer zones 


Labelling  


2017-3045 Kathleen Ruff Carcinogenicity 
 


    Overall 
assessment is 
invalid due to 
legal action in the 
US  
 
Objection to use 
of studies not 
publicly available 


2017-3101 Louise Vandelac. 
Ph.D. and Marie-
Hélène Bacon Ph.D. 
of L’Université du 
Québec à Montréal 
(UQAM) 


Carcinogenicity 
 
Toxicity of 
formulants  
 
 
Chronic toxicity 


CFIA monitoring data 
shows MRLs exceeded. 
 
GMO designed to absorb 
glyphosate.  
 
Contaminated drinking 
water 
 
Exponential increase in use 
on crops 


Information 
used is dated 
 
 


Water 
monitoring 
 
Aquatic 
species 


Labelling  Information used 
is dated  
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Appendix 2:  Previous SMC Briefing Note. 
  
June 29, 2017   ITEM#     
 PROTECTED B 
 
 Science Management Committee Briefing 
  
SUBJECT/ISSUE:    Glyphosate: Notice of Objections (NoO) 
  Re-evaluation Decision Document (RVD2017-01: Glyphosate) 
 
CLASSIFICATION:   Discussion/Decision 
 
TIME NEEDED:   20 min 
 
NAME OF SPONSOR:   Charles Smith (RD) 


 
A. BACKGROUND  
  
• As per the Pest Control Products Act and the guidance document DIS2007-01, any person may file a 


notice of objection (NoO) on a scientific basis, requesting the reconsideration of a major registration 
decision, on which the public was previously consulted, within 60 days after the final decision. 


 
• Applications for a NoO are reviewed and presented to SMC for a decision on whether there is a 


need to convene a panel of experts in relation to assessing the objection.  
 


• The basis for objecting must be based on scientific grounds.  
o Objections that concern matters of general regulatory practices, claim allegations of bias or 


concern an issue on which the PMRA has available recent independent expert opinion are not 
valid basis for objection. 


 
• A review panel may be established depending: 


o on whether the information in the notice raises scientific-founded doubt as to the validity of 
the evaluations, on which the decision was based, of the health and environmental risks and 
the value of the pesticide; and  


o on whether the advice of the expert scientists would assist in addressing the subject matter of 
the objection.  


 
• The re-evaluation of glyphosate for all registered uses as a herbicide for the control of a broad 


range of weeds was presented to SMC on September 11, 2014.  
 The Proposed Re-evaluation Decision document (PRVD2015-01: Glyphosate) was 


published April 13, 2015 
 


• The implementation schedule for re-evaluation decision of glyphosate was presented to SMC on 
June 2, 2016. 
 The Re-evaluation Decision document (RVD2017-01: Glyphosate) was published April 


28, 2017. 
 


• The overall finding from the re-examination of glyphosate is highlighted as follows:  
o Glyphosate is not genotoxic and is unlikely to pose a human cancer risk.  
o Dietary (food and drinking water) exposure associated with the use of glyphosate is not 
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expected to pose a risk of concern to human health.  
o Occupational and residential risks associated with the use of glyphosate are not of concern, 


provided that updated label instructions are followed.  
o The environmental assessment concluded that spray buffer zones are necessary to mitigate 


potential risks to non-target species (for example, vegetation near treated areas, aquatic 
invertebrates and fish) from spray drift.  


o When used according to revised label directions, glyphosate products are not expected to pose 
risks of concern to the environment.  


o All registered glyphosate uses have value for weed control in agriculture and non-agricultural 
land management.  
 


• The decision was to grant continued registration of products containing glyphosate with 
requirements of additional label updates to further protect human health and the environment.  
o To comply with this decision, the required label changes must be implemented on all 


product labels sold by registrants no later than 24 months after the publication date of this 
document.   


 
• Three Notice of Objections were received in response to RVD2017-01: Glyphosate. 
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Current notices of objection 
 
1. Josette Wier and Dr. David Bowering (Sub. No. 2017-2843) 
 


• The NoO application was submitted in the form of a letter to the Minister dated May 31, 2017. 
 No Notice of Objection form was submitted. 


 
• Objection: 


 
 PMRA decision relied on both EPA and EFSA reviews of glyphosate. However,  based 


on documents revealed as a result of lawsuit in US, the scientific integrity of the EPA and 
EFSA may be compromised. 


 
• Summary of Objection: 


 
 Josette Wier and Dr. David Bowering sent a letter directly to Minister Philpot (May 31, 


2017) which was to be accepted as an official Notice of Objection. 
 


 Objectors claim that an on-going law suit will reveal documents i.e. "The Monsanto 
Papers" which show Monsanto influenced the EPA, colluded with specific EPA officials 
to influence both the EPA and EFSA reviews and that there was internal disagreement in 
EPA over the safety assessment.  


 
 The Objector claims the "Monsanto Papers" cast doubt on the reliability and legitimacy 


of the evaluation of the genotoxicity and carcinogenicity of glyphosate by the EPA and 
EFSA on which the PMRA analysis relies and, therefore, the science is not "settled". 


 
 As the "Monsanto Papers" were not available during the PMRA re-evaluation but are 


now or soon will be, PMRA should consider this information before extending the 
registration of glyphosate for an extended period. Objector claims these documents 
strongly suggest undue corporate and political interference in the scientific review 
process and this in turn has undermined the legitimacy of the PMRA approval decision.  


 
• Documentation in Support 


 
 1. Web Site 
  - A link to the web site "USRTK", which stands for "U.S. Right to Know" and the article  
  is entitled "The Monsanto Papers: MDL Glyphosate Cancer Case Key Documents &  
  Analysis".   
 
 2. Letter 
  - Dr. Christopher J. Portier, Former Director US National Center for Environmental  
  Health and Former Director US Agency for Toxic Substances and Disease Registry to  
  Mr. J.C. Juncker, President of the European Commission, May 28, 2017. 
 
  - The Objectors use this letter to reinforce the points they made regarding the possible  
  manipulation of data and the hiding of data used by the EFSA in its finding that   
  glyphosate is unlikely to be carcinogenic or genotoxic.   
 


• Eligibility Recommendation for this NoO 
 


 The applicant has fulfilled the eligibility criteria for submitting a notice of objection.  
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Therefore, the information submitted by the applicants will be reviewed by the PMRA to 
determine if there is sufficient evidence to reconsider the Re-evaluation Decision 
document (RVD2017-01: Glyphosate). 


 
2. Dr. John Balatinecz (Sub. No. 2017-2975) 
 


• The NoO application was submitted in the form of an e-mail to the Minister dated June 19, 2017. 
 No Notice of Objection form was submitted. 


 
• Objections:   


 
 PMRA did not consider glypohsate behaving as "synthetic" analogue of amino acids and 


adversely impacting human protein and enzyme development and use. 
 


 PMRA decision relied on both EPA and EFSA reviews of glyphosate and the recent 
lawsuit puts these reviews in question.  


 
• Summary of Objection: 


 
 Dr. John Balatinecz sent a letter directly to Minister Philpot (June 19, 2017) which was to 


be accepted as an official Notice of Objection. There are 2 main points. 
 
  1. PMRA did not consider new information that glyposate may act as a “synthetic”  
  analogue of the natural amino acid glycine, and when ingested via residues in the food- 
  chain, glyphosate gets incorporated into human proteins (including enzymes &   
  hormones), and consequently causing them to malfunction, and ultimately resulting in  
  various diseases over time.  


o The scientific evidence behind this is detailed in a paper: Glyphosate 
pathways to modern diseases V: amino acid analogue of glycine in diverse 
proteins by Drs. Samsel & Seneff (Journal of Biological Physics & 
Chemistry16—9-46 (2016).  


o The facts presented in the paper have huge implications for human & animal 
health & disease. 


  
 Recent US Court documents confirm that there was/is criminal collusion between the 


EPA and Monsanto concerning the continued registration & use of glyphosate in the US 
o As the PMRA uses data & information from the EPA in its re-evaluation, the 


validity & objectivity of such data is now potentially in doubt.  
o Therefore, PMRA should discard this compromised information.  
o The use of industry-conducted & sponsored studies cannot be viewed as 


objective. These should not be included in PMRA's re-evaluation.  
  


• Closing paragraph in Dr. Balatinecz's letter: 
 


 "In order to protect the integrity of the Canadian process, you might consider appointing 
an independent expert panel to advise you to make the right & unbiased decision. Clearly, 
too much is at stake with public & environmental health both involved. The evidence 
from independent science globally is overwhelmingly against the continued use of this 
toxic herbicide. One recent study, from the prestigious New York University Medical 
School, estimates the annual damage to human health in the US as over $340 Billion (a 
staggering sum)." 
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• Documentation in Support 
 
 1. Web Site 
  - A link to the web site "USRTK", which stands for "U.S. Right to Know" and the article  
  is entitled "The Monsanto Papers: MDL Glyphosate Cancer Case Key Documents &  
  Analysis".   
 
 2. Scientific Paper 
  - Glyphosate pathways to modern diseases V: amino acid analogue of glycine in diverse  
  proteins by Drs. Samsel & Seneff (Journal of Biological Physics & Chemistry16—9-46  
  (2016)) 
 


• Eligibility Recommendation for this NoO 
 


 The applicant has fulfilled the eligibility criteria for submitting a notice of objection.  
Therefore, the information submitted by the applicants will be reviewed by the PMRA to 
determine if there is sufficient evidence to reconsider the Re-evaluation Decision 
document (RVD2017-01: Glyphosate).  


 
3. Baetrice Olivastri (CEO) and Andrea Lesperance (Researcher, Friends of the Earth:  (Sub. No. 2017-
XXXX) 
 


• The Notice of Objection form was provided, addressed to the Minister dated June 23, 2017. 
 


• Objections:   
 


 PMRA decision relied on both EPA and EFSA reviews of glyphosate and the recent 
lawsuit puts these reviews in question based on newly released documents.  


 
 The issue of different MRLs in Canada vs other regulatory jurisdictions and the results of  


CFIA 2015-2016 food monitoring which found glyphosate residues in food and the 
resulting exposure of Canadians to glyphosate.  


 
• Summary of Objection: 


 
 Objectors are concerned that the PMRA re-evaluation of glyphosate overlaps with a series of lawsuits 


against Monsanto in relation to their glyphosate science and corresponding actions. As such, they 
believe it inappropriate for the PMRA to approve a re-registration until these legal issues are 
resolved.  


 
 Glyphosate was found in 29.7% of samples, and residues above MRLs were found in 


1.3% of samples. 
 


 Canadians’ exposure to glyphosate based on testing results showing glyphosate residues 
in tested bean/pea/lentil products, infant cereal and infant food. 


 
• Documentation in Support 


 
 None provided, however, application form referenced several documents 


 
• Eligibility Recommendation for this NoO 


 


831Appeal Book, Tab 6P







 The applicant has fulfilled the eligibility criteria for submitting a notice of objection.  
Therefore, the information submitted by the applicants will be reviewed by the PMRA to 
determine if there is sufficient evidence to reconsider the Re-evaluation Decision 
document (RVD2017-01: Glyphosate).  


 
Considerations 
 
Under Section 36 of the PCPA, there is an option for the Minister to suspend the decision (Re-evaluation 
decision) until the Notice of Objection review is complete or until the review panel is dissolved.  
 
Section 36 The filing of a notice of objection or the establishment of a review panel does not suspend the 
decision under review, but the Minister may suspend the decision until a final decision is made on 
completion of the review or until the review panel is dissolved. 
 
OPTIONS: 
 
1. Proceed with Notice of Objections and do not suspend re-evaluation registration decision under review 
while NoO review proceeds. 
 
2. Proceed with Notice of Objection and suspend re-evaluation registration decision until completion of 
NoO review. 
 
RECOMMENDATIONS: 
 


• Establish BL 1 science team, from Health Evaluation Division to evaluate the information 
provided. 


• Proceed with the review of the scientifically based Notices of Objection and report back to SMC. 
 
NEXT STEPS: 
 
To be determined at SMC. 
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Page 1 of 2 
 


 
Science Management Committee Meeting 


Thursday, September 21, 2017 
Room D720 


9:00 a.m. to 12:00 p.m. 
 


AGENDA     
 


#  Time Item Guests 
1   9:00 Welcome and review of the agenda 


 
Peter Brander 


2    
 


9:00 SOC Update 
 
 


Neilda Sterkenburg 


3    9:10 SMC Decision for the September 7th meeting: 
• Beauveria bassiana Strain PPRI 5339 
• Octhilinone: Notice of Objection (NoO) 


 
SMC Decision for the September 14th meeting: 


• PA2-MRL process 
• Chlorothalonil  - re-evaluation 
• Chlorothalonil – Special Review 
• Bensulide 


Peter Brander 


4    9:10 Review of Forward Agenda 
 
5 min 


Peter Brander 


5    9:15 Bifentherin – verbal update 
 
15 min - RD 


Trisha Murray 


6    9:35 Quinoxifen - verbal update 
 
20 min, RD 


Trisha Murray 


7    9:45 Glyphosate Notice of Objection – proposed 
timelines- Verbal update 
 
10 min RD 


Charles Smith 


8    10:05 Fenpicoxamid. Import MRL. 2013-7023 
 
15 min RD 


Charles Smith 


9    10:20 Iron (present as ferric phosphate) re-evaluation 
 
10 minutes, VRD 


Jennifer Whitteker 


10    10:30 Emergency Registration – Standing item 
VRD 
VRD 10 minutes  


 


11    10:40 RD Tracker – Standing Item 
 


5 minutes 
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Page 2 of 2 
 


#  Time Item Guests 
12    10:45 OECD / NAFTA / CODEX / FPT / RCC and other 


key project updates – Standing item 
 
10 minutes 


 
 
 
 


13    10:55 Round Table  All 


2019-02-27 4:10:41 PM 
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Science Management Committee Meeting 
 


Thursday, September 21, 2017 
Room D720 
9:00 – 12:00 


 
MINUTES 


 
Chair: Peter Brander (CRO) 
 
Members: Stacie Stiege (for Neilda Sterkenburg, RD), Scott Kirby (EAD), Peter Chan (HED), 
Mireille Prud’homme (for Jason Flint, PCRAD), Diana Kowthwaite (CLSROD), Margherita Conti 
(VRD) 
  
Guests/ Observers: Trisha Murray (RD), Andrea Martin (VRD, Olivia D’Souza (VRD), Jessica 
Roberts (VRD), Heather McBrien (VRD), Michelle Kivi (EAD), Hui Chuan Lee (EAD), Yad 
Bhuller (HED), Anne Lapierre (SPFBOD), Minoli Silva (RD), Alain Boucher (VRD), Martha 
Farkas (RD), Aura Pantieras (VRD), Connie Moase (HED), Kathy Stapleton (CLSROD), Helen 
Arsenault (eAD), Heather Simmons (EAD), Charles Smith (RD), Jennifer Whitteker (VRD), Regi 
Mathew (VRD) 
 
Secretariat: Michelle Morrison (CRO) 
 
# Time Item Decision / Outcomes 
1 
  


9:00 Welcome and review of the 
agenda 
  


Agenda reviewed and approved. 


2 9:00 SOC Update   
 


This week’s update will be done at the 
following SMC.  


3. 9:10 SMC Decision for the 
September 7th meeting: 


• Beauveria bassiana 
Strain PPRI 5339 


• Octhilinone: Notice of 
Objection (NoO) 


SMC Decision for the 
September 14th meeting: 


• PA2-MRL process 
• Chlorothalonil  - re-


evaluation 
• Chlorothalonil – Special 


Review 
• Bensulide 


SMC approves the final decisions for the 
September 7th and 14th meetings. 
 
 


4 9:10 Review of Forward Agenda 
 
5 min 


FA was reviewed. 


5. 9:15 Bifentherin – verbal update 
 
Trisha Murray 
15 min - RD 


SMC supports proceeding with the review of 
the comments submitted for target 
publication date of Dec. 20th.  
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6. 9:40 Quinoxifen - verbal update 
 
Trisha Murray 
20 min, RD 


Quinoxyfen meets all TSMP Track 1 criteria 
and is to be managed as per the TSMP 
Policy and DIR99-03. SMC supports 
cancellation of Quinoxyfen Technical 
Fungicide and Quintec Fungicide over a 
three year phase out period with a final 
registration date of June 30, 2021.  


7. 10:05 Glyphosate Notice of Objection – 
proposed timelines- Verbal 
update 
 
Charles 
10 min RD 


SMC supports the 10 month timeline to 
analyze the objections received. The item 
will return in 10 months with review of the 
options and arrive at a decision as per the 
SOP.  


8. 10:25 Fenpicoxamid. Import MRL. 
2013-7023 
 
  
Charles Smith 
15 min RD 


SMC supports the establishment of the MRL 
as proposed. 


9. 10:55 Iron (present as ferric phosphate) 
re-evaluation 
 
Jennifer Witteker 
10 minutes, VRD 


SMC approves the proposed re-evaluation 
and publication of PRVD. BN to be edited as 
discussed. 


10. 11:15 Emergency Registration (ER) – 
Standing Item 
 
VRD, 10 min 


No ER to report 


11. 11:25 RD Tracker – Standing item 
 
5 minutes 


RD Tracker has been reviewed. 


12. 11:30 OECD / NAFTA / CODEX / FPT / 
RCC and other key project 
updates – Standing item 
 
10 minutes 


No updates 


13. 11:40 Round Table 
 
All 


RD – making label amendment under 
section 24 
 
HED – minor use summit the first week of 
October. 
 
Yad – attended a meeting with CCSPA. BN 
to be circulated to SMC members. 
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Discussions at these meetings take place in both official languages, based on the preferred language of the attending members 
and presenters, and these documents are for internal use only. / Au cours de ces réunions, les discussions ont lieu dans les deux 
langues officielles selon la préférence linguistique des membres et des présentateurs autour de la table; ces documents sont 
réservés aux fins d’usage interne. 


Science Management Committee Meeting 
Thursday, November 15, 2018 


Room D720 
9:00 a.m. to 12:00 p.m. 


 
AGENDA     


 
# Time Item Sponsor 
1  9:00 Welcome and review of the agenda Peter Brander 


2  9:00 SOC Update  Frederic Bissonnette 


3  9:05 SMC Decision (from previous meetings): 
• Applications to fulfil conditions of registration for 


Thiamethoxam (seed treatments) and 
Clothianidin 


• Addendum to January 18, 2018 SMC Briefing 
Note on Pyridaben – Final Re-evaluation 
Decision 


• Pollinator Re-evaluation of Thiamethoxam and 
Clothianidin (2012-1919/1918) 


Peter Brander 


4  9:10 Review of Forward Agenda 
 
 
5 minutes 


Peter Brander 


5  9:15 Glyphosate Notice of Objection 
 
 
RD 20 minutes 


Charles Smith 


6  9:35 Re-evaluation of N-Octyl Bicycloheptene 
Dicarboximide 
 
VRD 15 minutes 


Guillaume Clément-Mathieu 


7  9:50 Acephate Re-evaluation 
 
 
VRD 30 minutes 


Alain Boucher 


8  10:20 Implementation of Pollinator Re-evaluation of 
Clothianidin and Thiamethoxam (2012-1919/1918) 
and Applications to fulfil conditions of 
registration for Thiamethoxam (seed treatments) 
and Clothianidin 
 
VRD 40 minutes 


Andrea Martin/Stéphanie 
Girard 


9  11:00 Suitability of Alternatives 
 
 
VRD 20 minutes 


Andrea Martin 


10  11:20 Grain Growers of Canada Field Crop Seminar 
Proposal 
 
 
PCRAD 10 minutes 


Jordan Hancey 
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Discussions at these meetings take place in both official languages, based on the preferred language of the attending members 
and presenters, and these documents are for internal use only. / Au cours de ces réunions, les discussions ont lieu dans les deux 
langues officielles selon la préférence linguistique des membres et des présentateurs autour de la table; ces documents sont 
réservés aux fins d’usage interne. 


# Time Item Sponsor 
11  11:30 Emergency Registration – Standing item: 


 
 
VRD 10 minutes 


Margherita Conti 


12  11:40 RD Tracker – Update/Comments 
 
 
5 minutes 


All 
 


13  11:45 OECD/NAFTA-USMCA/CODEX/FPT/RCC and other 
key project updates – Standing item 
 
10 minutes 


All 


14  11:55 Round Table 
 
 
10 minutes 


All 


2019-02-27 4:11:25 PM 
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Science Management Committee Meeting 
 


Thursday, November 15, 2018 
Room D720 


9:00 a.m. – 12:00 p.m. 
 


MINUTES 
 
 
Chair:  Peter Brander, Chair 
 
Members:  Margherita Conti (VRD), Minoli Silva (RD), Scott Kirby (EAD), Peter Chan (HED), 
Diana Dowthwaite (CLSROD), Jason Flint (PCRAD) 
 
Guests/Observers: Andrea Martin (VRD), Frederic Bissonnette (VRD), Connie Moase (HED), 
Charles Smith (RD), Lilian de Luna (RD), Yad Bhuller (HED), Sean Muir (RD), Manghaiko 
Mayele (HED), Trevor Satchwill (HED), Kimberly Low (HED), Catherine Adcock (HED), Lindsay 
Hanson (PCRAD), Kathy Stapleton (CLSROD), Zahra Galehdar (EAD), Jessica Roberts (VRD), 
Alain Boucher (VRD), Stacie Stiege (RD), Stefania Arlotta (VRD), Janet Ma (VRD), Stephen 
Crozier (VRD), Hang Tang (VRD), Martin LeMay (EAD), Melissa Watchorn (VRD), Kristal Byrne 
(HED), Mary Matheson (VRD), Susan Wong (VRD), Connie Hart (EAD), Christian Bart (VRD), 
Brenda Crozier (VRD), Stephanie Girard (RD), Kamerine Gardam (RD), Jordan Hancey 
(PCRAD) 
 
Secretariat:  Cathy Fares (CRO) 
 


# Time Item Decision / Ou tcomes  
1 
 


9:00 Welcome and review of the agend a  


2 9:00 SOC Update   
 


Debrief of the November 14 meeting provided. 
 


3 9:05 SMC Decision (from previous 
meetings): 
• Applications to fulfil conditions of 


registration for Thiamethoxam (seed 
treatments) and Clothianidin 


• Addendum to January 18, 2018 SMC 
Briefing Note on Pyridaben – Final Re-
evaluation Decision 


• Pollinator Re-evaluation of 
Thiamethoxam and Clothianidin (2012-
1919/1918) 


 
 
-SMC approved final decision with minor change 
in the SMC decision. 
 
 
-SMC approved final decision. 
 
 
-SMC approved final decision 
 


4 9:10 Review of Forward Agenda  
 
5 minutes 


Not reviewed - changes to be communicated to 
SMC Secretariat. 


5 9:15 Glyphosate Notice of Objection  
 
 
 
 
RD 20 minutes 


Briefing note to be updated as per SMC 
discussion. 
NoO letters to be drafted and include a 
response to “Monsanto papers”. The other 
policy and procedural issues will be addressed 
separately, PCRAD will draft input to the letter. 
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6 9:35 Re-evaluation of N -Octyl 
Bicycloheptene Dicarboximide 
(MGK) 
 
 
VRD 15 minutes 


SMC supported the publication of the final re-
evaluation decision granting continued 
registration of MGK with the implementation of 
identified mitigation measures. 


7 9:50 Acephate Re-evaluation  
 
 
 
 
 
VRD 30 minutes 


SMC supported the publication of a second 
proposed decision for consultation, with revised 
outcomes and continued registration of 
acephate products with the cancellation of the 
soluble powder formulation and implementation 
of additional mitigation measures. 
SMC agreed that the Category C proceed. 


8 10:20 Implementation of Pollinator Re -
evaluation of Clothianidin and 
Thiamethoxam (2012-1919/1918) and 
Applications to fulfil conditions of 
registration for Thiamethoxam (seed 
treatments) and Clothianidin 
 
 
 
VRD 40 minutes 


 
SMC discussed the options in the briefing note 
for the implementation plan for the final 
decisions regarding the pollinator re-evaluations 
and the conditional registration conversions of 
thiamethoxam seed treatments and clothianidin. 


9 11:00 Suitability of Alternatives  
 
 
 
VRD 20 minutes 


SMC was informed of the approach for 
reviewing suitability of alternatives as it relates 
to implementation of DIR2018-01. 


10 11:20 Grain Growers of Canada Field Crop 
Seminar Proposal 
 
 
PCRAD 10 minutes 


SMC supported PMRA participation at the Grain 
Growers of Canada’s Proposed Seed Treatment 
Seminar. 
DGs will provide names of participating staff to 
PCRAD by noon Monday. 


11 11:30 Emergency Registration – Standing 
item: 
 
VRD 10 minutes 


 
No ERs to report. 


12 11:40 RD Tracker – Update s/Comments  
 
5 minutes 


No updates/comments. 
 


13 11:45 OECD /NAFTA-USMCA/CODEX/ 
FPT/RCC and other key project 
updates – Standing item 
10 minutes 


The format for the RCC meeting in December is 
being discussed. 
 


14 11:55 Round Table  
 
 
 
10 minutes 


No round table items. 
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November 15, 2018   ITEM# 5    
 PROTECTED B 
 
 Science Management Committee Briefing 
  
SUBJECT/ISSUE:    Glyphosate Notice of Objection 
 
CLASSIFICATION:   Decision 
 
TIME NEEDED:   20 min 
 
NAME OF SPONSOR:   Peter Brander 
 
A. BACKGROUND  


 
• As per the Pest Control Products Act and the guidance document DIS2007-01, any person 


may file a notice of objection (NoO) on a scientific basis, requesting the reconsideration of a 
major registration decision, on which the public was previously consulted, within 60 days 
after the decision. 


 
• Applications for a NoO are reviewed and presented to SMC for a decision on whether there is 


a need to convene a panel of experts in relation to assessing the objection.  
 
• The basis for objecting must be based on scientific grounds.  


o Objections that concern matters of general regulatory practices, that claim allegations of 
bias and/or concern an issue on which the PMRA has available recent independent expert 
opinion are not valid objections. 


 
• A review panel will be established depending: 


o on whether the information in the notice raises scientific-founded doubt as to the 
validity of the evaluations, on which the decision was based, of the health and 
environmental risks and the value of the pesticide; and  


o on whether the advice of the expert scientists would assist in addressing the subject 
matter of the objection.  


 
• The re-evaluation of glyphosate for all registered uses as a herbicide for the control of a broad 


range of weeds was presented to SMC on September 11, 2014.  
o The Proposed Re-evaluation Decision document (PRVD2015-01: Glyphosate) was 


published April 13, 2015 
 


• The implementation schedule for re-evaluation decision of glyphosate was presented to SMC 
on June 2, 2016. 


o The Re-evaluation Decision document (RVD2017-01: Glyphosate) was published 
April 28, 2017. 


 
• The overall finding from the re-evaluation of glyphosate is highlighted as follows:  
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o Glyphosate is not genotoxic and is unlikely to pose a human cancer risk.  
o Dietary (food and drinking water) exposure associated with the use of glyphosate is 


not expected to pose a risk of concern to human health.  
o Occupational and residential risks associated with the use of glyphosate are not of 


concern, provided that updated label instructions are followed.  
o The environmental assessment concluded that spray buffer zones are necessary to 


mitigate potential risks to non-target species (for example, vegetation near treated 
areas, aquatic invertebrates and fish) from spray drift.  


o When used according to revised label directions, glyphosate products are not expected 
to pose risks of concern to the environment.  


o All registered glyphosate uses have value for weed control in agriculture and non-
agricultural land management.  
 


• The decision was to grant continued registration of products containing glyphosate with 
requirements of additional label updates to further protect human health and the environment.  


o To comply with this decision, the required label changes must be implemented on all 
product labels sold by registrants no later than 24 months after the publication date of 
the RVD2017-01: Glyphosate  document.   


 
• Eight Notice of Objections were received in response to the re-evaluation decision, 


RVD2017-01: Glyphosate. 
o These Notice of Objections were determined to be eligible for review at SMC June 29, 


2017 and July 6, 2017 (July 6, 2017 presentation was to accommodate the NoO 
submissions which were submitted past the deadline but still accepted by PMRA for 
review). 


o SMC determined all NoOs were eligible for review and supported establishing a team 
of PA1 evaluators to review the NoOs 


 
I. SCIENCE ASSESSMENT 
 
Value Assessment  
 
• No specific concerns pertaining to the performance, e.g. efficacy, of products containing 


glyphosate were identified for any component of the registered use pattern of this active 
ingredient. 


 
Heath Risk Assessment 
 
Toxicology: 
 
• A review of the objections has been performed.  
 
• Following careful independent examination of the Notices of Objection, the HED has 


concluded that the authors have failed to provide sufficient scientific justification to support 
their concerns for the toxicology components of the risk assessment of glyphosate. Thus, a 
Review Panel is not warranted based on this information. 
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• Current status and Next Steps: 


o Objections have been presented to the HED Science Committee 
o Document Review Committee is being scheduled for mid-September, 2018 
o Input to the Letters to the Objectors will be ready for early October 2018 


 
Exposure: 
 
• A review of the objections has been performed.  
 
• Following careful independent examination of the Notices of Objection, HED has concluded 


that the authors have failed to provide sufficient scientific justification to support their 
concerns for the exposure components of the risk assessment of glyphosate. Thus, a Review 
Panel is not warranted based on this information. 


 
• Current status: 


o Input to the letters to the objectors have been completed. 
 
Environmental Assessment 
 
Submission 2017-3055 
 
• The Notice of Objection was submitted jointly by Équiterre, the David Suzuki Foundation, the 


Canadian Association of Physicians for the Environment, Environmental Defense Canada and 
Prevent Cancer Now. 


 
• Environmental concerns were related to: 
 


o Glyphosate impact on milkweed and monarch butterfly decline,  
o Glyphosate impact on soil microbiome,  
o Chelator behaviour of glyphosate in soil,  
o Inefficiency of vegetative buffer strips as risk management strategies for glyphosate  


 
EAD Recommendation: 
• The supporting information provided in the Notice of Objection does not raise scientific-


founded doubt with respect to the validity of the PMRA Re-evaluation of glyphosate.  
  


• The advice of expert scientists would not assist in addressing the subject matter of the 
objections. 


 
Submission 2017-3101 
 
• The Notice of Objection was submitted by Ms. Louise Vandelac (University of Quebec in 


Montreal) in collaboration with Ms. Marie-Hélène Bacon (Environment, Techno-sciences, 
Health and Society). 


 


843Appeal Book, Tab 6P







4 
 


• Environmental concerns were related to:  
 


o Potential impacts of the increased use of glyphosate on concentrations found in water 
o Water quality guidelines for the protection of aquatic life developed by other 


jurisdictions 
 
EAD Recommendation: 
• The supporting information provided in the Notice of Objection does not raise scientific-


founded doubt with respect to the validity of the PMRA Re-evaluation of glyphosate.  
 
• The advice of expert scientists would not assist in addressing the subject matter of the 


objections. 
 
SCIENCE REVIEW TEAM RECOMMENDATION: 
 
• The review team has concluded that the information provided in the Notice of Objections 


does not raise scientific-founded doubt as to the validity of the PMRA evaluation of 
Glyphosate and that the advice of expert scientists would not assist in addressing the subject 
matter of the objections.  


 
II. NON-SCIENCE ISSUES: PCRAD ANALYSIS 
 
• A number of notices of objection (NoO) were received with respect to the final decision 


document for glyphosate, which was published April, 28, 2017 (RVD2017-01).  A number of 
the objections relate to issues which can be deemed of a non-scientific nature. 


 
• The following are statements of the NoO and subsequent analysis: 
 
 A) “Overall assessment is invalid due to legal action in the US (Monsanto Papers)” 
 


 This is a reference to ongoing legal matters in the US involving Monsanto 
and a large number of individuals who have filed claim against Monsanto 
alleging that their health issues are related to glyphosate exposure.  There 
are related  allegations that the ongoing glyphosate review being 
conducted by the US Environmental Protection Agency is compromised. 


 
 The Glyphosate Re-evaluation Decision Document  (RVD2017-01) 


published by Health Canada April 28, 2017,  is unrelated to legal events 
occurring in the US. 


  
 Although PMRA and EPA scientists did collaborate on the assessment of 


publically available literature for glyphosate, overall reviews were 
conducted separately.  Risk assessment and risk management phases were 
conducted by each separate review agency.  Review decisions were taken 
separately in each country. 
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B) What data is the agency required to examine? 
 


 Publicly available data, published at the time of the PRVD for glyphosate, 
up until the publishing of the RVD. 


 
C) How do we consider the issue of labels not being followed, and not being enforced?  


How is this an effective risk management strategy? (i.e., growers not following label 
directions with respect to buffer zones) 


 Label compliance – C+E, PCPA 
 
D) Monarch butterflies are dependent on milkweed, which is controlled by glyphosate?  


Does this relate to Species at risk? 
 Agricultural practice 


 
E) Allowance for MRLs to be exceeded – Pesticide Residue Compensation Act.  How does 


this protect health? 
 MRL is an agricultural practice number – not health reference 
 Margins of safety 


 
F)  General commentary on the Pest Control Products Act and mandate of Health Canada? 


 General mandate  - correspondence 
 
G) General commentary on the use of industry-supplied studies? 


 Q’s and A’s - correspondence 
 
 
SMC DECISION: 
 
NoO letters to be drafted and include a response to “Monsanto papers”. The other policy and 
procedural issues will be addressed separately, PCRAD will draft input to the letter. 
 
NEXT STEPS: 
 
• Finalize review documentation 
• Generate the letters 
• Return to SMC with draft letters for approval 
• Letters sent to translation. 
• Letters sent to objectors and posted on Public Registry. 
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Discussions at these meetings take place in both official languages, based on the preferred language of the attending members 
and presenters, and these documents are for internal use only. / Au cours de ces réunions, les discussions ont lieu dans les deux 
langues officielles selon la préférence linguistique des membres et des présentateurs autour de la table; ces documents sont 
réservés aux fins d’usage interne. 


Science Management Committee Meeting 
Thursday, November 22, 2018 


Room D720 
9:00 a.m. to 12:00 p.m. 


 
AGENDA     


 
# Time Item Sponsor 
1  9:00 Welcome and review of the agenda Peter Brander 


2  9:00 SOC Update  Frederic Bissonnette 


3  9:05 SMC Decision (from previous meetings): 
• Acephate Re-evaluation 
• Re-evaluation of N-Octyl Bicycloheptene 


Dicarboximide (MGK) 


Peter Brander 


4  9:10 Review of Forward Agenda 
 
5 minutes 


Peter Brander 


5  9:15 Glyphosate Notice of Objection 
 
 
RD 30 minutes 


Charles Smith and Team 


6  9:45 Tebufenozide Re-evaluation  
 
 
VRD 15 minutes 


Audrey Saparno 


7  10:00 Re-evaluation of 2, 4-DB 
 
 
VRD 10 minutes 


Stefania Arlotta 


8  10:10 TGAIs with no registered EPs 
 
 
RD 30 minutes 


Olivia D’Souza 


9  10:40 Status of Mineral Spirits EP Using Grandfathered 
TGAI 
 
RD 15 minutes 


Olivia D’Souza 


10  10:55 Emergency Registration – Standing item: 
 
VRD 10 minutes 


Margherita Conti 


11  11:05 RD Tracker – Update/Comments 
 
5 minutes 


All 
 


12  11:10 OECD/NAFTA-USMCA/CODEX/FPT/RCC and other 
key project updates – Standing item 
 
10 minutes 


All 


13  11:20 Round Table 
 
10 minutes 


All 


2019-02-27 4:12:03 PM 


846Appeal Book, Tab 6P







Science Management Committee Meeting 
 


Thursday, November 22, 2018 
Room D720 


9:00 a.m. – 12:00 p.m. 
 


MINUTES 
 
 
Chair:  Peter Brander (CRO) 
 
Members:  Margherita Conti (VRD), Minoli Silva (RD), Scott Kirby (EAD), Peter Chan (HED), 
Jason Flint (PCRAD) 
 
Guests/Observers: Frédéric Bissonnette (VRD), Tim MacDonald (EAD), Martha Farkas 
(CRO/RD), Sean Muir (RD), Lilian de Luna (RD), Yad Bhuller (HED), Zahra Galehdar (EAD), 
Isabelle Pilote (HED), Kimberley Low (HED), Catherine Adcock (HED), Charles Smith (RD), 
Lindsay Hanson (PCRAD), Brenda Crozier (VRD), Rose Gomes (HED), Yvonne Clemow (EAD), 
Audrey Saparno (VRD), Stefania Arlotta (VRD), Stéphanie Sarron-Lévêque (RD), Hang Tang 
(VRD), Cameron Bowes (HED), W. Zhang (VRD), Craig O’Keefe (RD), Ricki Lin (RD), Jesse ng 
(RD), Stephanie Smith (RD), Dave Riendeau (PCRAD), Katherine Keppel-Jones (RD), Jordan 
Hancey (PCRAD), Olivia D’Souza (RD) 
 
Secretariat:  Cathy Fares (CRO) 
 


# Time Item Decision / Ou tcomes  
1 
 


9:00 Welcome and review of the agend a  


2 9:00 SOC Update   
 


Debrief of the November 21 meeting was 
provided. 
 


3 9:05 SMC Decision (from previous 
meetings): 
• Acephate Re-evaluation 
• Re-evaluation of N-Octyl Bicycloheptene 


Dicarboximide (MGK) 


SMC approved the final decisions. 
 
 


4 9:10 Review of Forw ard Agenda  
 
5 minutes 


The forward agenda was reviewed. 


5 9:15 Glyphosate Notice of Objection  
 
 
RD 30 minutes 


DG’s to provide RD with comments on the NoO 
letters by tomorrow morning. 
 


6 9:45 Tebufenozide Re -evaluation  
 
 
 
 
 
 
VRD 15 minutes 


After a scientific review of the available 
information, the SMC has concluded that the 
risks associated with the use of tebufenozide 
and associated end-use products are 
acceptable when these products are used 
according to revised label directions with the risk 
mitigation measures as outlined in the BN. 
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7 10:00 Re-evaluation of 2, 4 -DB 
 
 
 
 
 
 
 
VRD 10 minutes 


With minor revisions to the briefing note and 
after a scientific review of the available 
information, the SMC has concluded that the 
risks associated with the use of 2, 4-DB and 
associated end-use products are acceptable 
when these products are used according to 
revised label directions with the risk mitigation 
measures as outlined in the briefing note, 
including the removal of the use on field corn. 


8 10:10 TGAIs with  no registered EPs  
 
VRD 30 minutes 


Referred back to SOC for additional work and 
analysis. 
 


9 10:40 Status of Mineral Spirits EP Using 
Grandfathered TGAI 
 
 
VRD 15 minutes 


With revisions to the briefing note, SMC agreed 
that as part of the re-evaluation scoping the 
Section 19 request for the required data will be 
made. PA-1 will renew for one year pending 
outcome of the Section 19 request. 


10 10:55 Emergency Registration – Standing 
item: 
 
VRD 10 minutes 


No ERs. 
 


11 11:05 RD Tracker – Update s/Comments  
 
5 minutes 


No updates. 


12 11:10 OECD /NAFTA-USMCA/CODEX/ 
FPT/RCC and other key project 
updates – Standing item 
 
 
 
 
 
10 minutes 


RCC meeting in Washington has been 
confirmed and will be taking place December 4-
5. A request to update the workplan was sent to 
DGs and an AMC discussion will be held next 
week. 
 
PMRA not required to attend the RCF meeting 
in Brussels. 
 


13 11:20 Round Table  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10 minutes 


HED (Peter C.): Email from CropLife re: MRL 
revocations. 
 
VRD (Margherita): Meeting yesterday with Crop 
Protection Board of CHC that focussed on re-
evaluation and Mancozeb. 
 
(Frederic): The CSTA want to meet with PMRA 
on November 27 regarding neonics. 
 
EAD (Scott): Will brief a compliance inspector 
from Quebec on overview of registration process 
in Canada for a presentation at a meeting in 
Montreal on December 4.  
 
CRO (Peter B.): MOU with CFIA has been 
signed on soil nitrification. Consultation is on 
November 30. 


 


848Appeal Book, Tab 6P







1 
 


November 22, 2018   ITEM# 5    
 PROTECTED B 
 
 Science Management Committee Briefing 
  
SUBJECT/ISSUE:    Glyphosate Notice of Objection 
 
CLASSIFICATION:   Decision 
 
TIME NEEDED:   20 min 
 
NAME OF SPONSOR:   Peter Brander 
 
A. BACKGROUND  


 
• As per the Pest Control Products Act and the guidance document DIS2007-01, any person 


may file a notice of objection (NoO) on a scientific basis, requesting the reconsideration of a 
major registration decision, on which the public was previously consulted, within 60 days 
after the decision. 


 
• Applications for a NoO are reviewed and presented to SMC for a decision on whether there is 


a need to convene a panel of experts in relation to assessing the objection.  
 
• The basis for objecting must be based on scientific grounds.  


o Objections that concern matters of general regulatory practices, that claim allegations of 
bias and/or concern an issue on which the PMRA has available recent independent expert 
opinion are not valid objections. 


 
• A review panel will be established depending: 


o on whether the information in the notice raises scientific-founded doubt as to the 
validity of the evaluations, on which the decision was based, of the health and 
environmental risks and the value of the pesticide; and  


o on whether the advice of the expert scientists would assist in addressing the subject 
matter of the objection.  


 
• The re-evaluation of glyphosate for all registered uses as a herbicide for the control of a broad 


range of weeds was presented to SMC on September 11, 2014.  
o The Proposed Re-evaluation Decision document (PRVD2015-01: Glyphosate) was 


published April 13, 2015 
 


• The implementation schedule for re-evaluation decision of glyphosate was presented to SMC 
on June 2, 2016. 


o The Re-evaluation Decision document (RVD2017-01: Glyphosate) was published 
April 28, 2017. 


 
• The overall finding from the re-evaluation of glyphosate is highlighted as follows:  
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o Glyphosate is not genotoxic and is unlikely to pose a human cancer risk.  
o Dietary (food and drinking water) exposure associated with the use of glyphosate is 


not expected to pose a risk of concern to human health.  
o Occupational and residential risks associated with the use of glyphosate are not of 


concern, provided that updated label instructions are followed.  
o The environmental assessment concluded that spray buffer zones are necessary to 


mitigate potential risks to non-target species (for example, vegetation near treated 
areas, aquatic invertebrates and fish) from spray drift.  


o When used according to revised label directions, glyphosate products are not expected 
to pose risks of concern to the environment.  


o All registered glyphosate uses have value for weed control in agriculture and non-
agricultural land management.  
 


• The decision was to grant continued registration of products containing glyphosate with 
requirements of additional label updates to further protect human health and the environment.  


o To comply with this decision, the required label changes must be implemented on all 
product labels sold by registrants no later than 24 months after the publication date of 
the RVD2017-01: Glyphosate  document.   


 
• Eight Notice of Objections were received in response to the re-evaluation decision, 


RVD2017-01: Glyphosate. 
o These Notice of Objections were determined to be eligible for review at SMC June 29, 


2017 and July 6, 2017 (July 6, 2017 presentation was to accommodate the NoO 
submissions which were submitted past the deadline but still accepted by PMRA for 
review). 


o SMC determined all NoOs were eligible for review and supported establishing a team 
of PA1 evaluators to review the NoOs 


 
I. SCIENCE ASSESSMENT 
 
Value Assessment  
 
• No specific concerns pertaining to the performance, e.g. efficacy, of products containing 


glyphosate were identified for any component of the registered use pattern of this active 
ingredient. 


 
Heath Risk Assessment 
 
Toxicology: 
 
• A review of the objections has been performed.  
 
• Following careful independent examination of the Notices of Objection, the HED has 


concluded that the authors have failed to provide sufficient scientific justification to support 
their concerns for the toxicology components of the risk assessment of glyphosate. Thus, a 
Review Panel is not warranted based on this information. 
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• Current status and Next Steps: 


o Objections have been presented to the HED Science Committee 
o Document Review Committee is being scheduled for mid-September, 2018 
o Input to the Letters to the Objectors will be ready for early October 2018 


 
Exposure: 
 
• A review of the objections has been performed.  
 
• Following careful independent examination of the Notices of Objection, HED has concluded 


that the authors have failed to provide sufficient scientific justification to support their 
concerns for the exposure components of the risk assessment of glyphosate. Thus, a Review 
Panel is not warranted based on this information. 


 
• Current status: 


o Input to the letters to the objectors have been completed. 
 
Environmental Assessment 
 
Submission 2017-3055 
 
• The Notice of Objection was submitted jointly by Équiterre, the David Suzuki Foundation, the 


Canadian Association of Physicians for the Environment, Environmental Defense Canada and 
Prevent Cancer Now. 


 
• Environmental concerns were related to: 
 


o Glyphosate impact on milkweed and monarch butterfly decline,  
o Glyphosate impact on soil microbiome,  
o Chelator behaviour of glyphosate in soil,  
o Inefficiency of vegetative buffer strips as risk management strategies for glyphosate  


 
EAD Recommendation: 
• The supporting information provided in the Notice of Objection does not raise scientific-


founded doubt with respect to the validity of the PMRA Re-evaluation of glyphosate.  
  


• The advice of expert scientists would not assist in addressing the subject matter of the 
objections. 


 
Submission 2017-3101 
 
• The Notice of Objection was submitted by Ms. Louise Vandelac (University of Quebec in 


Montreal) in collaboration with Ms. Marie-Hélène Bacon (Environment, Techno-sciences, 
Health and Society). 
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• Environmental concerns were related to:  
 


o Potential impacts of the increased use of glyphosate on concentrations found in water 
o Water quality guidelines for the protection of aquatic life developed by other 


jurisdictions 
 
EAD Recommendation: 
• The supporting information provided in the Notice of Objection does not raise scientific-


founded doubt with respect to the validity of the PMRA Re-evaluation of glyphosate.  
 
• The advice of expert scientists would not assist in addressing the subject matter of the 


objections. 
 
SCIENCE REVIEW TEAM RECOMMENDATION: 
 
• The review team has concluded that the information provided in the Notice of Objections 


does not raise scientific-founded doubt as to the validity of the PMRA evaluation of 
Glyphosate and that the advice of expert scientists would not assist in addressing the subject 
matter of the objections.  


 
II. NON-SCIENCE ISSUES: PCRAD ANALYSIS 
 
Submission Number:  2017-2843, 2017-2975, 2017-3015, 2017-3045, 2017-3101, 2017-3155, 
2017-3055 
 
• Each of the submissions  noted above reference the “Monsanto Papers” as part of an objection 


to the re-evaluation decision on glyphosate (RVD2017-01).   The “Monsanto Papers” are a 
general reference to a collection of thousands of discovery documents which were submitted 
to the courts (US) as required under US law. 
 


• There are two main aspects of the “Monsanto Papers” which have been cited in the filed 
Notices of Objection which question the re-evaluation decision for glyphosate in Canada. 


 
o The assertion that the US EPA ongoing review of glyphosate is compromised due 


to alleged interactions between Monsanto and EPA.  Subsequently, that Health 
Canada’s review of glyphosate is also compromised due to collaboration between 
Health Canada and EPA in the review of glyphosate. 
 


o The assertion that studies cited in Health Canada’s published reference list for the 
final re-evaluation of glyphosate, are implicated in alleged misconduct, or have 
authors implicated in other alleged misconduct.  The alleged misconduct 
questioned the independence of some of the scientific reviews of glyphosate.  (It 
should be noted that the references in question are reviews of studies, and not 
actual studies.) 


 
Recommendation: 
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• The supporting information provided in the Notices of Objection does not raise scientific-


founded doubt with respect to the validity of the PMRA Re-evaluation of glyphosate.  
 


• The advice of expert scientists would not assist in addressing the subject matter of the 
objections. 


 
 SCIENCE REVIEW TEAM RECOMMENDATION: 
 


• The review team has concluded that the information provided in the Notice of Objections 
does not raise scientific-founded doubt as to the validity of the PMRA evaluation of 
Glyphosate and that the advice of expert scientists would not assist in addressing the 
subject matter of the objections.  


 
SMC DECISION: 
 
DG’s to provide RD with comments on the NoO letters by tomorrow morning. 
 
NEXT STEPS: 
 
• Finalize review documentation 
• Generate the letters 
• Return to SMC with draft letters for approval 
• Letters sent to translation. 
• Letters sent to objectors and posted on Public Registry. 
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PMRA Sub. No. M2005-2797/MOX 
Glyphos11te/GPl (isopror1ylaruinc salt) 


- PROTECTED - Minor Use - 0 .3.2 Review 


Primary Evaluator: 


Peer Reviewer: 


Approved by: 


D.3.2 Review Deadline: 


Submission Numbers: 


Active: 


Crop: 


Trade Name: 


Pesticide Class: 


Registrant: 


Sponsor; 


Registration Requested: 


Action Requested: 


Date: 
Victoria Kyeyune, Evaluator, MUAS 


Date: 
Denise MacGillivray, Evaluator, MUAS 


Date: 
Jennifer Selwyn, Section Head, MUAS 


Glyphosate (GPI) 


URMULE D.3.2 Review 


April 24, 2006 


M2005-2797 


Glyphosate (present as potassium salt in the end-use product) 


Chickpea, Dried lupin, and Dried fava bean 


Roundup WeatherMax™ With Transorb® 2 Technology Liquid 
Herbicide, PCP# 27487 
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PMRA Sub. No. M2005-2797/MOX 
G lyphos11tc/GPr (isopropylaminc sa lt) 


- PROTECTED-


V. BACKGROUND INFORMATION: 


Minor Use - 0.3.2 Review 


Under the URMULE program, a presubmission consultation (submission #M2005- I l 72) was 
conducted for the use expansion of glyphosate to chickpea, dried lupin, and dried fava bean for 
national registration (cc05083 l_ntf.wpd). The residue chemistry data and corresponding review 
decisions on file for glyphosate were assessed against Directive 98-02 requirements. No data 
deficiencies were identified as a resu It of the presubmission consultation. It was concluded that 
adequate data was on file for the proposal to be considered for a full review as a D.3.2 
submission. 


VI. D.3.2 REVIEW OF M2005-2797 


No data were submitted under the current URMULE submission. 


A DEA was recently conducted in September 2005 (M2005-
0452\050914_Basic_Chronic_Food.wpd), and the results are summarized in Section VII , 
Assessment. As no additional data were submitted or reviewed to support the current URMULE, 
and the proposed crops are already included in the latest DEA, the DEA was not revised. 


VU. ASSESSMENT: 


Glyphosate (Roundup WeatherMax™, PCP# 27487) is currently registered for pre-harvest use 
on 'dry beans'. The target weeds and registered use pattern are identical to those proposed for 
chickpea, dried fava bean, and dried lupin: preharvest application of 901.8 g a.e./ha in 50-
100 L water/ha, using ground equipment, one application per season, when the crop has ~30% 
grain moisture content (typically 7-14 days before harvest); the PHI is 7 days. 


1. DACO 7.4.1 (Supervised Residue Trial Study) - WAIVER 


I a. At the D.3. 1 presubmission consultation (M2005-l l 72\cc05083 l_ntf.wpd), the Sponsor 
requested that no additional residue data be required to support the proposed use 
expansion of glyphosatc to chickpea, dried fava bean, and dried lupin. A rationale to 
support this waiver request was submitted, based primarily on the fo llowing: 


• Glyphosate is currently registered in Canada for pre-harvest uses on wheat, barley, oat, 
canola, flax, pea; lentil, dry bean, soybean and forage; 
The proposed use pattern is already registered for dry bean, dry pea, and lentil; MRLs 
for glyphosate have been published in the Canada Gazette as follows: bean and lentil 
(4 ppm), and pea (5 ppm); 
Chickpea, faba bean (dry) and lupin (dry) are all commodities in crop subgroup 6C. The 
representative commodities for this crop subgroup arc dry shelled bean and dry shelled 
pea. As the currently requested use is registered on the representative commodities for 
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PMRA Sub. No. M2005-2797/MOX 
Clyphosnte/GPI (isopropylnminc salt) 


- PROTECTED - Minor Use - D.3.2 Review 


the subgroup to which the requested crops (chickpea, faba bean, lupin) belong, no further 
residue data should be required to support this use. 


It was therefore proposed that residue data already submitted to the PMRA in support of 
currently registered pre-harvest uses of glyphosate on dry bean, pea and lentil were 
sufficient to support the URMULE request, and to allow the establishment of MRLs. 


I b. An assessment of the waiver rationale was conducted, including an assessment of residue 
data on file for glyphosate on legumes. Since glyphosate is already registered for pre
harvest use on 'dry beans' at a use pattern equivalent to that proposed for chickpea, dried 
lupin, and dried fava bean, no further residue chemistry data was required to support the 
proposed use expansions. The submitted residue data waiver rationale was 
considered acceptable. 


2. Summary of residue data on file for beans 


Residue data is on file for white beans (Review, October 9 1992). Since white beans are 
dry beans belonging to Crop Subgroup 6C (Dried shelled pea and bean, except soybean), 
on ly these residue data will be discussed in the current assessment. 


2a. Five residue trials were conducted in Ontario ( 1989) where white beans were treated 
with glyphosate in a single application of 840 g a.e./ha (0.9X the proposed rate) or 
1680 g a.e./ha (l.9X the proposed rate), and harvested at a PHI of7 days. Total residues 
of glyphosate and the metabolite AMPA in beans ranged between <0.10 - 7.25 ppm after 
treatment at 840 g a.e./ha, and between 1.45 - 2.65 ppm after treatment at 1680 g a.e./ha 
(Appendix I). The method limit of detection was 0.05 ppm. 


3. Residue data used to support the current registration and MRL on beans 


3a. The Review of October 9192 indicates that the white bean data was the only Canadian 
data available on file for beans; a MRL of 2 ppm was recommended to cover total 
residues of glyphosate on beans (Memo, Gunner to Ormrod, March 29 1993). However, 
based on a subsequent memo (Memo, Worobey to Graham, May 4 1999), a MRL of 
4 ppm was established for glyphosate including the metabolite AMPA on ' beans'. 


Based on the file review, it appears the MRL was increased to account for lack of percent 
grain moisture information at the time of application in the field trial report. The 
October 9/92 review stated that fo llowing treatment at 840 g a.e./ha, the 3 samples with 
total residues of 5.57-7.25 ppm (Appendix I) contained ' high moisture' and were not 
fully mature. The reviewer concluded that without specific percent grain moisture 
information, the suggested 2.0 ppm may not be adequate to cover residues in harvested 
beans. Furthermore, lower residues observed following treatment at 1680 g a.e./ha 
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PMRA Sub. No. M2005-2797/MOX 
Glyphosatc/GPI (iso11ropylaminc snit) 


-PROTECTED - Minor Use - D.3.2 Review 


suggested that percent grain moisture may have impacted terminal residues. Therefore, 
since there is no residue data on file for any other type of bean, it is assumed that white 
bean data (excluding the ' high moisture' samples) was used to support the registration on 
'dry beans' and to establish the current MRL of 4 ppm in/on ' beans'. 


4. Residue data to support the proposed use expansion to dry beans 


4a. The proposed use expansion of glyphosate is for chickpea, dried fava bean, and dried 
lupin. Since the Sponsor is proposing use on dried fava bean and dried lupin, these two 
crops are considered members of Crop Subgroup 6C. Chickpeas also belong to Crop 
Subgroup 6C (dried shelled pea and bean) as per RCG Dir98-02, Section 15, and are also 
referred to as garbanzo beans. 


As indicated above (3a.), residue data on file for white bean was used to support the 
existing preharvest use of glyphosate on 'dry beans'. Therefore, this residue data may 
also be used to support the proposed uses on chickpeas, dried fava beans, and dried lupin. 


S. Dietary burden in livestock 


5a. Dried lupin (seed), is considered a feed item for cattle, poultry, and swine (RCG Dir98-
02, Section 8, Appendix A, Table I). Livestock feeding studies were previously reviewed 
for cow (May 12, 1975), swine and laying hen (May 12, l 975; Oct. 2, 1989). Due to the 
age of these studies, the anticipated residues of glyphosate and AMPA in livestock 
matrices was not calculated. 


5b. A basic livestock dietary burden calculation was conducted to assess the impact of the 
proposed use expansion of glyphosate to dried lupin (seed). Based on residue values at 
the established MRLs (Table 3, above) or Subsection 8.15.002(1) of the FDA&R 
(:SO. I ppm), there was no change in the maximum theoretical dietary burden (MTDB) for 
cattle (33.03 ppm for beef , dairy), poultry ( 19.00 ppm), and swine ( 17.50 ppm) when 
lupin seed was included at 4 ppm (current MRL for beans) (Appendix 111). 


Sc. Therefore, the proposed use of glyphosate on lupin is not expected to increase the dietary 
burden for l.ivestock. Any resulting res idues of glyphosate and AMPA in livestock 
commodities resulting from feeding with treated lupin seed wil l be covered by the 
existing MRLs (Table 3, above). 
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PMRA Sub. No. 1\12005-2797/MOX 
G lyphosatc/GPI 


- PROTECTED - Min or Use - 0.3.2 Review 


APPENDIX II. RE LATED CORRESPONDENCE 


E-mail correspondence: Re-evaluation status of glyphosate 


Andrew Beyak 
1411 1/2005 11 : I 0 AM 


To: Victoria Kyeyune/HC-SC/GC/CA@HWC 
cc: 
Subject: NEW fNFO: Re-evaluation status for glyphosate (GPI) 


Hi Vicki , 


(I suspected this would happen as soon as l replied to your email.) The 
re-evaluation of glyphosate is going to be postponed, probably for several 
years. So there is a plan to revoke the announcement that it is under 
re-evaluation. This revocation of the announcement has not gone out yet, 
so I wouldn't say this plan is unofficial at present, but it is intended 
to go fo rward soon. 


If you have any further questions, cal I. 


Andrew 
3648 


-----Forwarded by Andrew Beyak/HC-SC/GC/CA on 14/ 11 /2005 l I :04 AM----
Andrew Beyak 
14/ 11 /2005 10:11 AM 


Hi Vicki, 


To: Victoria Kyeyune/HC-SC/GC/CA@HWC 
cc: 
Subject: Re: Re-evaluation status for glyphosate (GP!) 


Glyphosate is officially under re-evaluation and the registrants have been 
notified. 


Andrew 
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PRECAUTIONS 
KEEP OUT OF REACH OF CHILDREN. 
HARMFUL IF SWALLOWED. 
HARMFUL IF INHALED. 
CAUSES EYE AND SKIN IRRITATION. 
Avoid contact with eyes, skin or clothing. 
Avoid inhaling spray mist. 
 
Wear a long-sleeved shirt and long pants during mixing, loading, application, clean-up 
and repair. In addition, wear goggles or a face shield and chemical-resistant gloves during 
mixing and loading, clean-up and repair. 
 
Do not enter treated field within 12 hours of application. 
 
If this pest control product is to be used on a commodity that may be exported to the U.S. 
and you require information on acceptable residue levels in the U.S., visit CropLife 
Canada’s website at: www.croplife.ca. 
 
FIRST AID 
If swallowed: Call a poison control centre or doctor immediately for treatment advice. 
Do not induce vomiting unless told to do so by a poison control center or doctor.  Do not 
give any liquid to the person. Do not give anything by mouth to an unconscious person. 
If on skin or clothing:  Take off contaminated clothing. Rinse skin immediately with 
plenty of water for 15–20 minutes. Call a poison control centre or doctor for treatment 
advice. 
If inhaled:  Move person to fresh air. If person is not breathing, call 911 or an ambulance, 
then give artificial respiration, preferably by mouth-to-mouth, if possible. Call a poison 
control centre or doctor for further treatment advice. 
If in eyes: Hold eye open and rinse slowly and gently with water for 15–20 minutes. 
Remove contact lenses, if present, after the first 5 minutes, then continue rinsing eye. Call 
a poison control centre or doctor for treatment advice. 
 
Take container, label or product name and Pest Control Product Registration Number 
with you when seeking medical attention. 
 
TOXICOLOGICAL INFORMATION 
Treat symptomatically.  This product contains a petroleum distillate.  Vomiting may 
cause aspiration pneumonia. 
 
ENVIRONMENTAL HAZARDS 
Toxic to aquatic organisms and non-target plants.  Avoid direct applications to any body 
of water.  Do not contaminate water by disposal of waste or cleaning of equipment.  
Observe buffer zones specified under “Directions for Use” (i.e. refer to booklet). 
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PHYSICAL OR CHEMICAL HAZARDS 
Spray solutions of this product should be mixed, stored and applied only in stainless steel, 
aluminum, fiberglass, plastic and plastic-lined steel containers.  DO NOT MIX, STORE 
OR APPLY THIS PRODUCT OR SPRAY SOLUTIONS OF THIS PRODUCT IN 
GALVANIZED STEEL OR UNLINED STEEL (EXCEPT STAINLESS STEEL) 
CONTAINERS OR SPRAY TANKS.  This product or spray solutions of this product 
react with such containers and tanks to produce hydrogen gas which may form a highly 
combustible gas mixture.  This gas mixture could flash or explode, causing serious 
personal injury, if ignited by open flame, spark, welder’s torch, lighted cigarette or other 
ignition source. 
 
In case of an emergency involving this product, call Monsanto collect, day or night: 
 
Accident/Spills/Medical Emergency …………. (314) 694-4000 
    Or ……………...1-800-332-3111 
  Or CANUTEC …………………(613) 996-6666 
 
Read NOTICE before buying or using.  If NOTICE terms are not acceptable, return 
at once unopened. 
 
For additional information on this or other Monsanto agricultural products, call the 
Monsanto Canada Custom Care Line at:  1-800-667-4944. 
 
STORAGE  
Avoid contamination of seed, feed, and foodstuffs. 
Soak up small amounts of spill with absorbent clays. 
 
DISPOSAL AND DECONTAMINATION 
RECYCLABLE CONTAINERS: 
Do not reuse this container for any purpose.  This is a recyclable container, and is to be 
disposed of at a container collection site.  Contact your local distributor/dealer or 
municipality for the location of the nearest collection site.  Before taking the container to 
the collection site: 
 
1)  Triple- or pressure-rinse the empty container.  Add the rinsings to the spray mixture in 


the tank. 
2) Make the empty, rinsed container unsuitable for further use. 
 
If there is no container collection site in your area, dispose of the container in accordance 
with provincial requirements. 
 
RETURNABLE CONTAINERS: 
Do not reuse this container for any purpose.  For disposal, this empty container may be 
returned to the point of purchase (distributor/dealer). 
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REFILLABLE CONTAINERS: 
For disposal, this container may be returned to the point of purchase (distributor/dealer).  
It must be refilled by the distributor/dealer with the same product.  Do not reuse this 
container for any other purpose. 
 
For information on the disposal of unused, unwanted product, contact the manufacturer 
and the provincial regulatory agency.  Contact the manufacturer and the provincial 
regulatory agency in case of a spill, and for the clean-up of spills. 
 
NOTICE TO USER: This pest control product is to be used only in accordance with the 
directions on the label. It is an offence under the Pest Control Products Act to use this 
product in a way that is inconsistent with the directions on the label. The user assumes 
the risk to persons or property that arises from any such use of this product. 
 
 
 
 
 
 
 
 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide and Roundup 
Ready are registered trademarks; Monsanto and the Vine symbol are trademarks of 
Monsanto Technology LLC.  Monsanto Canada Inc. – Licensee. 
 
 2014 MONSANTO COMPANY 
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Roundup WeatherMAX® with Transorb 2 Technology 
Liqu id Herbicide 
 
 
1.0 PRODUCT DESCRIPTION 
 
Water soluble herbicide for non-selective weed control in CROPLAND SYSTEMS 
AND IN NON-CROPLAND AREAS. 
 
CROPLAND USES INCLUDE: 
 
 
In cropping systems before planting of all crops; in minimum tillage systems; 
postemergent in TruFlex™ Roundup Ready® Canola, Roundup Ready 2 Yield 
soybeans, Roundup Ready canola, soybean, corn and sugar beet; preharvest applications 
in wheat, barley, oats, canola (rapeseed), flax (including low linolenic acid varieties), 
peas, lentils, dry beans, soybeans, chickpeas, dried lupins, dried fava beans and forages; 
in pasture renovation; in forage, legume and grass establishments; in tree crops including 
apple, pear, cherry, plum, peach, apricot, filbert, hazelnut, walnut, chestnut, Japanese 
heartnut; in grapes, cranberries, blueberries and strawberry; in sugar beets; in asparagus; 
in North American ginseng; in tree plantings; and grasses for seed production. 
 
NON-CROPLAND USES INCLUDE: 
 
Industrial; recreational, rights-of-way, and public areas; turf grass renovation. 
 
Not for relabelling or repackaging. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide and Roundup 
Ready are registered trademarks, Monsanto and the Vine symbol are trademarks of 
Monsanto Technology LLC.  Monsanto Canada Inc. – Licensee. 
 
 2014 MONSANTO COMPANY 
 
2.0 EMERGENCY NUMBERS 
 
In case of an emergency involving this product, call Monsanto collect, day or night: 
 
Accident/Spills/Medical Emergency …………. (314) 694-4000 
    Or ……………...1-800-332-3111 
  Or CANUTEC …………………(613) 996-6666 
 
Read NOTICE before buying or using.  If NOTICE terms are not acceptable, return 
at once unopened. 
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2.1 INFORMATION 
 
For additional information on this or other Monsanto agricultural products, call the 
Monsanto Canada Custom Care Line at:  1-800-667-4944. 
 
3.0 PRECAUTIONS 
 
KEEP OUT OF REACH OF CHILDREN. 
HARMFUL IF SWALLOWED. 
HARMFUL IF INHALED. 
CAUSES EYE AND SKIN IRRITATION. 
Avoid contact with eyes, skin or clothing. 
Avoid inhaling spray mist. 
 
Wear a long-sleeved shirt and long pants during mixing, loading, application, clean-up 
and repair. In addition, wear goggles or a face shield and chemical-resistant gloves during 
mixing and loading, clean-up and repair. 
 
Do not enter treated field within 12 hours of application. 
 
If this pest control product is to be used on a commodity that may be exported to the U.S. 
and you require information on acceptable residue levels in the U.S., visit CropLife 
Canada’s website at www.croplife.ca. 
 
3.1 FIRST AID 
 
IF IN EYES , hold eye open and rinse slowly and gently with water for 15-20 minutes. 
Remove contact lenses, if present, after the first 5 minutes, then continue rinsing eye.  
Call a poison control centre or doctor for treatment advice. 
IF ON SKIN OR CLOTHING, take off contaminated clothing. Rinse skin immediately 
with plenty of water for 15-20 minutes. Call a poison control centre or doctor for 
treatment advice. 
IF SWALLOWED , call a poison control centre or doctor immediately for treatment 
advice. Do not induce vomiting unless told to do so by a poison control centre or doctor. 
Do not give any liquid to the person. Do not give anything by mouth to an unconscious 
person. 
IF INHALED , move the person to fresh air. If person is not breathing, call 911 or an 
ambulance, then give artificial respiration, preferably mouth-to-mouth, if possible. Call a 
poison control centre or doctor for further treatment advice. 
 
Take container, label or product name and Pest Control Product Registration Number 
with you when seeking medical attention. 
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3.2 TOXICOLOGICAL INFORMATION 
 
Treat symptomatically.  This product contains a petroleum distillate. Vomiting may cause 
aspiration pneumonia. 
 
3.3 ENVIRONMENTAL HAZARDS 
 
Toxic to aquatic organisms and non-target plants.  Avoid direct applications to any body 
of water.  Do not contaminate water by disposal of waste or cleaning of equipment. 
Observe buffer zones specified under “Directions for Use”. 
 
3.4 PHYSICAL OR CHEMICAL HAZARDS 
 
Spray solutions of this product should be mixed, stored and applied only in stainless steel, 
aluminum, fiberglass, plastic and plastic-lined steel containers.  DO NOT MIX, STORE 
OR APPLY THIS PRODUCT OR SPRAY SOLUTIONS OF THIS PRODUCT IN 
GALVANIZED STEEL OR UNLINED STEEL (EXCEPT STAINLESS STEEL) 
CONTAINERS OR SPRAY TANKS.  This product or spray solutions of this product 
react with such containers and tanks to produce hydrogen gas which may form a highly 
combustible gas mixture.  This gas mixture could flash or explode, causing serious 
personal injury, if ignited by open flame, spark, welder’s torch, lighted cigarette or other 
ignition source. 
 
3.5 STORAGE  
 
Avoid contamination of seed, feed, and foodstuffs. 
Soak up small amounts of spill with absorbent clays. 
 
3.6 DISPOSAL AND DECONTAMINATION 
 
RECYCLABLE CONTAINERS: 
Do not reuse this container for any purpose.  This is a recyclable container, and is to be 
disposed of at a container collection site.  Contact your local distributor/dealer or 
municipality for the location of the nearest collection site.  Before taking the container to 
the collection site: 
 
1)  Triple- or pressure-rinse the empty container.  Add the rinsings to the spray mixture in 


the tank. 
2) Make the empty, rinsed container unsuitable for further use. 
 
If there is no container collection site in your area, dispose of the container in accordance 
with provincial requirements. 
 
RETURNABLE CONTAINERS: 
Do not reuse this container for any purpose. For disposal, this empty container may be 
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returned to the point of purchase (distributor/dealer). 
 
REFILLABLE CONTAINERS: 
For disposal, this container may be returned to the point of purchase (distributor/dealer).  
It must be refilled by the distributor/dealer with the same product.  Do not reuse this 
container for any other purpose. 
 
For information on the disposal of unused, unwanted product, contact the manufacturer 
and the provincial regulatory agency.  Contact the manufacturer and the provincial 
regulatory agency in case of a spill, and for the clean-up of spills. 
 
NOTICE TO USER:  This pest control product is to be used only in accordance with the 
directions on the label. It is an offence under the Pest Control Products Act to use this 
product in a way that is inconsistent with the directions on the label. The user assumes 
the risk to persons or property that arises from any such use of this product. 
 
DIRECTIONS FOR USE 
 
4.0 GENERAL INFORMATION 
 
Do not apply this product using aerial spray equipment except under conditions as 
specified within this label. 
 
Observe buffer zones specified in section 5.3. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide, a water soluble 
liquid, mixes readily with water for application as a foliage spray for the control or 
destruction of most herbaceous plants.  It may be applied through most standard 
industrial or field type sprayers after dilution and thorough mixing with water in 
accordance with the booklet instructions. 
 
This herbicide moves through the plant from the point of foliage contact to and into the 
root system.  Visible effects on most annual weeds occur within 2 to 4 days but on most 
perennial weeds may not occur until 7 to 10 days.  Extremely cool or cloudy weather at 
treatment time may slow down activity of this product and delay visual effects of control.  
Visible effects are a gradual wilting and yellowing of the plant which advances to 
complete browning of above ground growth and deterioration of underground plant parts. 
 
Delay application until vegetation has emerged to the stages described for control of such 
vegetation under the “Annual and Perennial Weed Control” (section 7.0 and 8.0) to 
provide adequate leaf surface to receive the spray.  Unemerged plants arising from 
underground rhizomes or root stocks of perennials will not be affected by the spray and 
will continue to grow.  For this reason best control of most perennial weeds is obtained 
when treatment is made at late growth stages approaching maturity. 
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Always use the higher rate of this product per hectare within the recommended range 
when weed growth is heavy or dense, or weeds are growing in an undisturbed (non-
cultivated) area. 
 
Do not treat weeds under poor growing conditions such as drought stress, disease or 
insect damage, as reduced weed control may result.  Reduced results may also occur 
when treating weeds heavily covered with dust. 
 
This product does not provide residual weed control.  For subsequent residual weed 
control follow a label approved herbicide program.  Read and carefully observe the 
cautionary statements and all other information appearing on the labels of all herbicides 
used. 
 
Rainfall occurring within 60 minutes of treatment may result in reduced weed control.  
Heavy rainfall immediately after application may wash the chemical off the foliage and a 
repeat treatment may be required.  Do not apply if rainfall is forecast for the time of 
application. 
 
Do not mix with any surfactant, pesticide, herbicide oils or any other material other than 
water unless specified in this booklet.  For best results, spray coverage should be uniform 
and complete.  Do not spray weed foliage to the point of run-off. 
 
RESISTANCE-MANAGEMENT RECOMMENDATIONS 
 
For resistance management, Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide is a Group 9 herbicide.  Any weed population may contain or develop plants 
naturally resistant to Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide and other Group 9 herbicides.  The resistant biotypes may dominate the weed 
population if these herbicides are used repeatedly in the same field.  Other resistance 
mechanisms that are not linked to site of action, but specific for individual chemicals, 
such as enhanced metabolism, may also exist.  Appropriate resistance-management 
strategies should be followed. 
 
To delay herbicide resistance: 
 
• Where possible, rotate the use of Roundup WeatherMAX with Transorb 2 


Technology Liquid Herbicide or other Group 9 herbicides with different herbicide 
groups that control the same weeds in a field. 


• Use tank mixtures with herbicides from a different group when such use is 
permitted. 


• Herbicide use should be based on an IPM program that includes scouting, 
historical information related to herbicide use and crop rotation, and considers 
tillage (or other mechanical), cultural, biological and other chemical control 
practices. 


• Monitor treated weed populations for resistance development. 
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• Prevent movement of resistant weed seeds to other fields by cleaning harvesting 
and tillage equipment and planting clean seed. 


• Contact your local extension specialist or certified crop advisors for any 
additional pesticide resistance-management and/or integrated weed-management 
recommendations for specific crops and weed biotypes. 


• For further information or to report suspected resistance, contact Monsanto 
Canada at 1-800-667-4944 or at www.Monsanto.ca 


 
5.0 MIXING AND APPLICATION 
 
5.1 PRECAUTIONS 
 
ATTENTION: AVOID CONTACT WITH FOLIAGE, GREEN STEMS, OR 
FRUIT OF CROPS, DESIRABLE PLANTS AND TREES SINCE SEVERE 
INJURY OR DESTRUCTION MAY RESULT. 
 
APPLY THESE SPRAY SOLUTIONS IN PROPERLY MAINTAINED AND 
CALIBRATED EQUIPMENT CAPABLE OF DELIVERING DESIRED 
VOLUMES. 
 
DO NOT USE IN GREENHOUSES.  REDUCED RESULTS MAY OCCUR IF 
WATER CONTAINING SOIL IS USED, SUCH AS WATER FROM PONDS AND 
UNLINED DITCHES. 
 
Clean sprayers and parts immediately after using this product by thoroughly flushing with 
water.  Do not contaminate water sources by disposal of wastes or cleaning of equipment. 
 
DO NOT use human flaggers.   
 
Apply only when the potential for drift to areas of human habitation or areas of human 
activity such as houses, cottages, schools and recreational areas is minimal.  Take into 
consideration wind speed, wind directions, temperature inversions, application 
equipment and sprayer settings. 
 
NOTE:   Use of this product in any manner not consistent with this booklet may result in 
injury to persons, animals or crops, or other unintended consequences.  Keep container 
closed to prevent spills and contamination. 
 
 
5.2 MIXING AND APPLICATION EQUIPMENT 
 


MIXING WITH WATER 
 
For ground or industrial type sprayers, fill the spray tank with one-half the required 
amount of water.  Add the proper amount of herbicide, see “Weed Control” (sections 7.1 
and 8.1) and mix well before adding the remaining portion of water.  Placing the filling 
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hose below the surface of the liquid solution will prevent excessive foaming.  Removing 
hose from tank immediately will avoid back siphoning into water source.  Use of 
mechanical agitators may cause excessive foaming.  Bypass lines should terminate at the 
bottom of the tank. 
 
For use in knapsack sprayers, it is suggested that the proper amount of this herbicide be 
mixed with water in a larger container.  Fill sprayer with the mixed solution. 
 


TANK MIXING PROCEDURE  
 


The following steps should be followed when adding tank mix partners, using a 
herbicide loading system or adding product directly into the tank: 


 
1.  Fill spray tank 3/4 full of water. 
2.  Start agitation and run for entire mixing and spraying operation. 
3.  Add required amount of the tank mix partner. 
4.  Flush herbicide loading tank and herbicide containers with water. 
5.  If using a herbicide loading system - ensure that the loading tank and lines to the 


pump are empty and flushed out with water before adding tank mix partner. 
6.  Add required amount of Roundup WeatherMAX With Transorb 2 Technology Liquid 


Herbicide. 
7.  Flush herbicide loading tank and herbicide containers with water. 
8.  If using a herbicide loading system - ensure that the loading tank and lines to the 


pump are flushed with water and empty before starting spray operation. 
 


Always start and end the mixing and spraying operation with a clean system. 
 


APPLICATION EQUIPMENT 
 


BOOM EQUIPMENT 
 
For control of perennial weeds and woody brush and trees listed on this booklet 
using conventional boom equipment – apply this product in 50 to 300 litres of clean 
water per hectare as a broadcast spray using no more than 275 kPa pressure.  See “Weed 
Control” (sections 7.1 and 8.1) for rates to control specific weeds. 
 
For control of annual weeds listed on this booklet using conventional boom 
equipment – Apply this product in 50 to 100 litres of clean water per hectare as a 
broadcast spray, except as otherwise stated on this label using no more than 275 kPa 
pressure.  See “Weed Control” (sections 7.1 and 8.1) for rates to control specific weeds. 
 


HAND HELD AND HIGH VOLUME EQUIPMENT 
(use coarse sprays only) 


 
For control of weeds and woody brush and trees listed in the “Weed Control” 
section (6.0) of this label using knapsack sprayers or high volume spraying 
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equipment utilizing handguns or other suitable nozzle arrangements – Unless 
otherwise specified, make a 0.67 percent solution of this product in water (0.67 litres of 
this product in 100 litres of water) and apply to foliage of vegetation to be controlled.  
For best results, use a 1.34 percent solution (1.34 litres of this product in 100 litres of 
water) on harder to control perennials such as field bindweed, hemp dogbane, milkweed 
and Canada thistle. 
 
Applications should be made on a spray-to-wet basis.  Spray coverage should be uniform 
and complete.  Do not spray to point of run-off.  Handgun applications should be 
properly directed to avoid spraying desirable plants. 
 


SELECTIVE EQUIPMENT 
 
Selective equipment such as WIPER  and ROLLER  applicators can be used for weed 
control in soy and dry beans, orchards, vineyards, cranberries, strawberries and non-crop 
areas.  For information regarding use of this product with selective equipment, refer to 
“Selective Equipment” (section 9.12). 
 


AERIAL EQUIPMENT 
 
Aerial application can only be used for weed control in preharvest situations.  Refer to 
sections 5.3 and 9.9.2 for application information. 
 
Directions for use 
Apply only by fixed-wing or rotary aircraft which has been functionally and operationally 
calibrated for the atmospheric conditions of the area and the application rates and 
conditions of this label. Ensure that the maximum boom width does not exceed 65% of 
the wing span.  Nozzle type, size and orientation must be configured to deliver a droplet 
size VMD in the coarse (400-600 microns) or very coarse (600-1000) range. 
 
Label rates, conditions and precautions are product specific. Read and understand the 
entire label before opening this product. Apply only at the rate(s) recommended for aerial 
application on this label. Where no rate for aerial application appears for the specific use, 
this product cannot be applied by any type of aerial equipment. 
 
Ensure uniform application. To avoid streaked, uneven or overlapped application, use 
appropriate marking devices, or equivalent electronic positioning systems (GPS). The use 
of spotter planes is recommended. 
 
Thoroughly wash aircraft, especially landing gear, after each day of spraying to remove 
residues of this product accumulated during spraying or from spills.  PROLONGED 
EXPOSURE OF THIS PRODUCT TO UNCOATED STEEL SURFACES MAY 
RESULT IN CORROSION AND POSSIBLE FAILURE OF THE PART.  
LANDING GEAR IS MOST SUSCEPTIBLE.   The maintenance of an organic coating 
(paint) which meets aerospace specification MIL-C-38412 may prevent corrosion. 
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Use Precautions 
Apply only when meteorological conditions at the treatment site allow for complete and 
even crop coverage. Apply only under conditions of good practice specific to aerial 
application as outlined in the National Aerial Pesticide Application Manual, developed 
by the Federal/Provincial/Territorial Committee on Pest Management and Pesticides. 
 
Do not apply to any body of water. Avoid drifting of spray onto any body of water or 
other non-target areas. Specified buffer zones should be observed. 
 
Coarse sprays are less likely to drift, therefore, avoid combinations of pressure and 
nozzle type that will result in fine particles (mist). Do not apply during periods of dead 
calm or when wind velocity and direction pose a risk of spray drift. Do not spray when 
the wind is blowing towards a nearby sensitive crop, garden, terrestrial habitat (such as 
shelter-belt) or aquatic habitat. 
 
Do not angle nozzles forward into the airstream and do not increase spray volume by 
increasing nozzle pressure. 
 
Operator Precautions 
Do not allow the pilot to mix chemicals to be loaded onto the aircraft. Loading of 
premixed chemicals with a closed system is permitted. 
 
It is desirable that the pilot have communication capabilities at each treatment site at the 
time of application. 
 
The field crew and the mixer/loaders must wear chemical resistant gloves, coveralls and 
goggles or face shield during mixing/loading, cleanup and repair. Follow the more 
stringent label precautions in cases where the operator precautions exceed generic label 
recommendations on the existing ground boom label. 
 
All personnel on the job site must wash hands and face thoroughly before eating and 
drinking. Protective clothing, aircraft cockpit and vehicle cabs must be decontaminated 
regularly. 
 
Product Specific Precautions 
Read and understand the entire label before opening this product. If you have questions, 
call the Monsanto Canada Custom Care Line at 1-800-667-4944 or obtain technical 
advice from the distributor or your provincial agricultural representative.  
 
Application of this product must meet and/or conform to the following: 
 
Volume: Apply the recommended rate in a minimum spray  volume 30-100 litres per 
hectare. 
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5.3 BUFFER ZONES 
 


i) DO NOT apply during periods of dead calm or when winds are gusty. DO 
NOT apply with spray droplets smaller than ASAE medium classification 


 
ii)  Aerial Application: DO NOT apply when wind speed is greater than 16 km/h  


[summerfallow, preseed, glyphosate tolerant crops (canola, soybeans, corn 
sugar beets)] or  (preharvest) at flying height at the site of application. DO 
NOT apply with spray droplets smaller than the ASAE coarse classification.  


 
iii)  Buffer Zones 
 


The buffer zones specified in the table below are required between the point of direct 
application and the closest downwind edge of sensitive terrestrial habitats (such as 
grasslands, forested areas, shelter belts, woodlots, hedgerows, riparian areas and 
shrublands), sensitive aquatic habitats (such as lakes, rivers, sloughs, ponds, prairie 
potholes, creeks, marshes, streams, reservoirs, and wetlands) and estuarine/marine 
habitats. 


 
Method of Buffer Zones (metres) required for protection of: 


Application Aquatic Habitat Terrestrial 
Habitat 


Field sprayer* 15 15 
Aerial – Roundup Ready  
Canola  
 


5 40 


Aerial - prior to seeding   
all crops; summerfallow; 
 
Roundup Ready2 Yield 
Soybeans, Roundup Ready 
Soybeans; 
 
Corn Varieties with 
Roundup Ready Corn 2 
Technology 
 
Roundup Ready Sugarbeets 
 
 TRUFLEX ROUNDUP 
READY  canola 
 


30 70 


Aerial - preharvest 25 55 
 


*For field sprayers, buffer zones can be reduced by 70% when using shrouds or 30% 
when using cones. When a tank mixture is used, consult the labels of the tank-mix 
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partners and observe the largest (most restrictive) buffer zone of the products involved in 
the tank mixtures. 
 
 
6.0 WEEDS CONTROLLED 
 
This product controls many annual and perennial grasses, broadleaf weeds, and woody 
brush and trees when applied as recommended and under conditions described.  For 
information on how to control specific weeds including herbicide rate, refer to “Annual 
Weed Control” and “Perennial Weed Control” (sections 7.1 and 8.1).  The following is 
a partial list of weeds controlled: 
 
 
6.1 ANNUAL WEEDS 
 
ANNUAL GRASSES 
 
Barnyard Grass 
 Echinochloa crusgalli 
Blue Grass (annual) 
 Poa annua 
Crab Grass (large) 
 Digitaria sanguinalis 
Crab Grass (smooth) 
 Digitaria ischaemum 
Downy Brome-grass 
 Bromus tectorum 
Fall Panicum 
 Panicum dichotomiflorum 
Giant Foxtail 
 Setaria faberii 
Green Foxtail 
 Setaria viridis 
Persian Darnel 
 Lolium persicum 
Volunteer Barley 
 Hordeum spp. 


Volunteer Corn 
 Zea mays 
Volunteer Wheat 
 Triticum spp. 
Wild Oats 
 Avena fatua 
Wild Proso Millet 
 Panicum miliaceum 
Yellow Foxtail 
 Setaria glauca 
 
OTHER 
 
Dodder 
 Cuscuta spp. 
 
 
 


 
ANNUAL BROADLEAF WEEDS 
 
Chickweed 
 Stellaria media 
Cleavers 
 Galium aparine 
Cocklebur 
 Xanthium strumarium 


Corn Spurry 
 Spergula arvensis 
Cow Cockle 
 Saponaria vaccaria 
Eastern Black Nightshade 
 Solanum ptycanthum 
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Fleabane (Canada) 
 Erigeron canadensis 
Flixweed 
 Descurainia sophia 
Green Smartweed 
 Polygonum scabrum 
Hempnettle 
 Galeopsis tetrahit 
Kochia 
 Kochia scoparia 
Lady’s-Thumb 
 Polygonum persicaria 
Lamb’s-quarters (common) 
 Chenopodium album 
Narrow-leaved Hawk’s Beard 
 Crepis tectorum 
Narrow-leaved Vetch 
 Vicia angustifolia 
Night-flowering Catchfly 
 Silene noctiflora 
Pennsylvania Smartweed 
 Polygonum pensylvanicum 
Prickly Lettuce 
 Lactuca scariola 
Ragweed (common) 
 Ambrosia artemisiifolia 
Redroot Pigweed 
 Amaranthus retroflexus 


Round-Leaved Mallow 
 Malva pusilla 
Russian Thistle 
 Salsola pestifer 
Shepherd’s Purse 
 Capsella bursa-pastoris 
Smooth Pigweed 
 Amaranthus hybridus 
Sowthistle (annual) 
 Sonchus oleraceus 
Stinkweed 
 Thlaspi arvense 
Storksbill 
 Erodium cicutarium 
Velvetleaf 
 Abutilon theophrasti 
Volunteer Canola (rapeseed) 
 Brassica spp. 
Volunteer Flax 
 Linum spp. 
Wild Buckwheat 
 Polygonum convolvulus 
Wild Mustard 
 Sinapis arvensis 
Wild Tomato 
 Solanum triflorum 
 


 
6.2 PERENNIAL WEEDS 
 
PERENNIAL GRASSES/SEDGES 
 
Blue Grass (Canada) 
 Poa compressa 
Blue Grass (Kentucky) 
 Poa pratensis 
Brome Grass (smooth) 


 Bromus inermis 
Cattail (common) 
 Typha latifolia 
Common Reed 
 Phragmites australis 


 
Cottontop 
 Eriophorum chamissonis 
 
Foxtail Barley 
 Hordeum jubatum 
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Quackgrass 
 Agropyron repens 
Wire-Stemmed Muhly 
 Muhlenbergia frondosa 
Yellow Nutsedge 
 Cyperus esculentus 
 
 
PERENNIAL BROADLEAVED WEEDS 
 
Alfalfa 
 Medicago spp. 
Curled Dock 
 Rumex crispus 
Dandelion 
 Taraxacum officinale 
Field Bindweed 
 Convolvulus arvensis 
Hemp Dogbane 
 Apocynum cannabinum 
Hoary Cress 
 Cardaria draba 
Knotweed (Japanese) 
 Polygonum cuspidatum 
Milkweed (common) 


 Asclepias syriaca 
Poison Ivy 
 Rhus radicans 
Purple Loosestrife 
 Lythrum salicaria 
Sow Thistle (perennial) 
 Sonchus arvensis 
Thistle (Canada) 
 Cirsium arvense 
Toad Flax 
 Linaria vulgaris 
Wormwood (Absinth) 
 Artemisia absinthium 
 
 


 
6.3 WOODY BRUSH AND TREES 
 
Alder 
 Alnus spp. 
Birch 
 Betula spp. 
Broadleaved meadowsweet 
 Spiraea latifolia 
Cedar 
 Thuja spp. 
Cherry 
 Prunus spp. 
Douglas Fir 
 Pseudotsuga spp. 
Hemlock 
 Tsuga spp. 
Maple 
 Acer spp. 
Mountain-fly honeysuckle 
 Lonicera villosa 


Pine 
 Pinus spp. 
Poplar 
 Populus spp. 
Raspberry/Salmonberry 
 Rubus spp. 
Rhododendron (Canadian) 
 Rhododendron canadense 
Sheep laurel 
 Kalmia angustifolia 
Snowberry (Western) 
 Symphoricarpos occidentalis 
Sweet fern 
 Comptonia peregrina 
Willow 
 Salix spp. 
Withrod 
 Viburnum cassinoides 
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CROPLAND USES 


 
ALWAYS READ PRECAUTIONS, GENERAL INFORMATION AND MIXING 
AND APPLICATION SECTIONS (3.0, 4.0 AND 5.0) PRIOR TO SPECIFIC 
APPLICATION INFORMATION IN ANY LABEL SECTION. DO NOT APPLY 
BY AIR. 
 
7.0 ANNUAL WEED CONTROL 
 
The following tables provide rates and specific application instructions for control of the 
annual weeds listed. 
 
7.1  ANNUAL WEED CONTROL WITH ROUNDUP WEATHERMAX WITH 


TRANSORB 2 TECHNOLOGY LIQUID HERBICIDE 
 
DO NOT APPLY BY AIR. 
 
RATE 
(L/ha) 


GROWTH 
STAGE 


WEEDS 
CONTROLLED 


COMMENTS 
(Apply in 50-100 L/ha water) 


0.5 Weeds up to 8 
cm in height 


Wild oats, green foxtail, 
volunteer barley, 
volunteer wheat 
 
Non-Roundup Ready® 
volunteer canola 
(rapeseed), wild mustard, 
lady’s-thumb, stinkweed 


• For wild oats apply at 1-3 leaf 
stage. 
• Add 350 mL of a surfactant 
registered for use such as Agral 
90, Ag Surf, or Companion 
• For heavy wild oat infestations 
use 0.67 L/ha rate. 


0.67 Weeds 8 cm 
to 15 cm in 
height 


All annual grasses listed 
above. 
 
All annual broadleaved 
weeds listed above plus 
flixweed* and kochia* 


• Add 350 mL of surfactant 
registered for use as listed above. 
 
* Suppression only.  Refer to 
higher rates of this table or tank 
mix table (section 7.2) for control 
options. 


0.83 – 
1.27 


Weeds up to 
15 cm in 
height 


All annual grasses listed 
above plus downy brome, 
giant foxtail, and Persian 
darnel. 
 
All annual broadleaved 
weeds listed above plus 
cleavers, lamb’s-quarters, 
redroot pigweed, 
hempnettle, flixweed, 
Russian thistle, volunteer 


• No surfactant required. 
 
• For tank mix weed control 
options see section 7.2. 
 
* DO NOT use these rates on 
plants greater than 8 cm in height. 
 
** For 3-4 leaf stage use 1.27 
L/ha rate. 
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RATE 
(L/ha) 


GROWTH 
STAGE 


WEEDS 
CONTROLLED 


COMMENTS 
(Apply in 50-100 L/ha water) 


flax, common ragweed*, 
Canada fleabane*, wild 
buckwheat**, narrow-
leaved hawk’s beard*** 


*** For weeds 8 cm to 15 cm in 
height use 1.27 L/ha rate. 


1.5 Weeds up to 
15 cm in 
height 


All annual grasses listed 
above plus crab grass and 
annual blue grass 
 
All annual broadleaved 
weeds listed above plus 
kochia, prickly lettuce, 
shepherd’s purse, annual 
sow thistle, and narrow-
leaved vetch 


• For additional annual 
broadleaved weed control options, 
refer to tank mix table (section 
7.2). 


2.33 Weeds over 
15 cm in 
height 


All annual grasses and 
broadleaved weeds listed 
above 


• For additional annual 
broadleaved weed control options, 
refer to tank mix table (section 
7.2). 


 
Agral is a registered trademark of Syngenta group company. 
Ag-Surf is a registered trademark of Interprovincial Cooperative Ltd. 
Companion is a trademark of Dow AgroSciences LLC. 
 
NOTE:   For spot treatment, 0.5 – 2.33 litres per hectare is approximately equivalent to 5 
– 23 mL/100m2, respectively. 
 
7.2 ANNUAL WEED CONTROL WITH ROUNDUP WEATHERMAX WITH 


TRANSORB 2 TECHNOLOGY LIQUID HERBICIDE TANK MIXTURES 
FOR SUMMERFALLOW & MINIMUM TILLAGE SYSTEMS 


 
TANK 


MIXTURES 
RATE 
(L/ha) 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Apply in 50-100 L/ha water) 


Roundup 
WeatherMAX 
with Transorb 
2 Technology 
Liquid 
Herbicide 
 
+ 
 
Banvel II 


0.5 – 
0.67 
 
 
 
 
 
+ 
 
0.29 


Volunteer cereals, wild 
oats, green foxtail 
 
Non-Roundup Ready® 
volunteer canola 
(rapeseed), wild 
mustard, flixweed*, 
lamb’s-quarters, lady’s-
thumb, stinkweed, 
kochia, Russian thistle, 
cow cockle, redroot 
pigweed**, wild 


This tank mix is registered for 
summerfallow use only.  Weeds 
should be less than 15 cm tall and 
actively growing for best results. 
 
Use higher rate if weeds are 
beyond 8 cm in height. 
 
* Roundup WeatherMAX with 
Transorb 2 Technology Liquid 
Herbicide applied at 0.67 L/ha 
rate only. 
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TANK 
MIXTURES 


RATE 
(L/ha) 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Apply in 50-100 L/ha water) 


buckwheat**  
** Suppression only.  See other 
tank mixtures for control options. 
 
Add 350 mL/ha of surfactant – 
see list in section 7.3. 


Roundup 
WeatherMAX 
with Transorb 
2 Technology 
Liquid 
Herbicide 
 
+ 
 
Banvel II 
 


0.61 – 
1.27 
 
 
 
 
 
 
+ 
 
0.31 


Volunteer cereals, wild 
oats, green foxtail, 
downy brome, Persian 
darnel 
 
Non-Roundup Ready®  
volunteer canola 
(rapeseed), wild 
mustard, flixweed, 
lamb’s-quarters, lady’s-
thumb, stinkweed, 
kochia, Russian thistle, 
cow cockle, redroot 
pigweed, wild 
buckwheat*, smartweed 


Use this tank mix prior to seeding 
in wheat, barley, rye, oats, field 
corn only (do not apply to sweet 
corn). 
 
Certain broadleaved crops such as 
lentils, peas, canola and flax can 
be injured by a pre-seeding 
application and so should not be 
planted to a field receiving this 
treatment. 
 
Annual grasses - apply any time 
between emergence and heading. 
 
Weeds should be less than 15 cm 
tall and actively growing for best 
results. 
 
The higher rate should be applied 
when weeds are under poor 
growing conditions such as 
drought.  
 
*1- to 4- leaf stage. 


Roundup 
WeatherMAX 
with Transorb 
2 Technology 
Liquid 
Herbicide 
 
+ 
 
Pardner 
 


0.5 – 
0.67 
 
 
 
 
 
+ 
 
1.25 
 


Volunteer cereals, green 
foxtail, volunteer canola 
(rapeseed), wild 
mustard, lady’s-thumb, 
stinkweed, wild 
buckwheat* 
 
Redroot pigweed**, 
kochia**, wild oats** 


This tank mix is registered only 
for use in summerfallow, and 
prior to wheat, oats and barley 
in minimum tillage systems.  
Weeds should be less than 15 cm 
tall and actively growing for best 
results. 
 
Use higher rate if weeds are 
beyond 8 cm in height. 
 
* Use Roundup WeatherMAX 
with Transorb 2 Technology 
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TANK 
MIXTURES 


RATE 
(L/ha) 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Apply in 50-100 L/ha water) 


Liquid Herbicide at 0.67 L/ha rate 
only for wild buckwheat control. 
 
** 0.67 L/ha rate, suppression 
only.  See other tank mixtures for 
control options. 
 
Add 350 mL/ha of surfactant – 
see list in section 7.3. 


Roundup 
WeatherMAX 
with Transorb 
2 Technology 
Liquid 
Herbicide 
 
+ 
 
2,4-DA 


0.83 – 
1.27 
 
 
 
 
 
+ 
 
0.6 – 
0.94 
or 
1.2 – 
1.55 
 


Volunteer cereals, wild 
oats, green foxtail, 
downy brome, giant 
foxtail, Persian darnel 
 
Volunteer canola, 
(rapeseed) (non-
Roundup Ready), wild 
mustard, flixweed, 
redroot pigweed, lady’s-
thumb, stinkweed, 
kochia, lamb’s-quarters, 
hempnettle, Russian 
thistle, volunteer flax, 
common ragweed*, 
Canada fleabane, wild 
buckwheat**, narrow-
leaved hawk’s beard*** 
 
Volunteer Roundup 
Ready canola (1-4 leaf 
stage)4, bluebur4, 
burdock4, cocklebur4, 
common plantain4, daisy 
fleabane4, false flax4, 
false ragweed4, goat’s 
beard4, mustards4 
(except dog and tansy), 
prickly lettuce4, 
ragweeds4, Russian 
pigweed4, shepherd’s 
purse4, stinging nettle4, 
sweet clover4, thyme-
leaved spurge4, wild 
radish4, wild sunflower4 


Weeds should be less than 15 cm 
tall and actively growing for best 
results. 
 
Use higher rate if weeds are 
beyond 8 cm in height. 
 
* DO NOT use these rates on 
plants greater than 8 cm in height. 
 
** For 3- to 4-leaf stage use 1.27 
L/ha rate. 
 
*** For weeds 8 cm to 15 cm in 
height use 1.27 L/ha rate. 
 
4 2,4-D at 0.6 – 0.9 L/ha (280 – 
420 g ai/ha). 
 
5 2,4-D at 1.2 – 1.5 L/ha (560 – 
700 g ai/ha). Use a minimum of 
80 L/ha water when using 2,4-D 
amine formulations at these rates. 
 
Use this tank mix prior to seeding 
or after seeding but before crop 
emergence in wheat, winter 
wheat, barley and rye. 
 
No surfactant required. 
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TANK 
MIXTURES 


RATE 
(L/ha) 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Apply in 50-100 L/ha water) 


 
Volunteer Roundup 
Ready canola (rapeseed) 
(4-6 leaf stage)5, annual 
sowthistle5, common 
chickweed5, common 
purslane5, dog and tansy 
mustard5, oak-leaved 
goosefoot5, common 
groundsel5, hairy 
galinsoga5, hawkweed5, 
heal-all5, knotweed5, 
peppergrass5, pineapple 
weed5, prostrate 
pigweed5, purslane5, 
sheep sorrel5, green 
smartweed5, tumble 
pigweed5, velvetleaf5, 
volunteer canola 
(rapeseed)5 


Roundup 
WeatherMAX 
with Transorb 
2 Technology 
Liquid 
Herbicide 
 
+  
 
2,4-DB 


0.5 – 
0.67 
 
 
 
 
 
+ 
 
1.2 
 


Volunteer cereals, wild 
oats*, green foxtail* 
 
Volunteer canola 
(rapeseed), wild 
mustard, flixweed, 
redroot pigweed, lady’s-
thumb, stinkweed, 
kochia 
 
Lamb’s-quarters**, 
Russian thistle** 


This tank mix is registered for 
summerfallow use only.  Weeds 
should be less than 15 cm tall and 
actively growing for best results. 
 
Use higher rate if weeds are 
beyond 8 cm in height. 
 
* Use Roundup WeatherMAX 
with Transorb 2 Technology 
Liquid Herbicide at 0.67 L/ha rate 
only for wild oat and green foxtail 
control. 
 
** Suppression only.  See other 
tank mixtures for control options. 
 
Add 350 mL/ha of surfactant – 
see list in section 7.3. 


Roundup 
WeatherMAX 
with Transorb 
2 Technology 
Liquid 


0.83 – 
1.27 
 
 
 


Volunteer cereals, wild 
oats, green foxtail, 
downy brome, giant 
foxtail, Persian darnel 
 


Weeds should be less than 15 cm 
tall and actively growing for best 
results. 
 
Use higher rate if weeds are 
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TANK 
MIXTURES 


RATE 
(L/ha) 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Apply in 50-100 L/ha water) 


Herbicide 
 
+ 
 
MCPAC  
500 g/L 
formulation; if 
another 
formulation is 
used, adjust 
rate 
accordingly. 


 
 
+ 
 
0.5 – 
0.71 
 
OR 0.5 
– 1.02 
 


Volunteer canola 
(rapeseed) (non-
Roundup Ready), wild 
mustard, flixweed, 
redroot pigweed, lady’s 
thumb, stinkweed, 
kochia, lamb’s quarters, 
hempnettle, Russian 
thistle, volunteer flax, 
common ragweed*, 
Canada fleabane, wild 
buckwheat**, narrow-
leaved hawk’s beard*** 
 
Volunteer Roundup 
Ready canola (1-4 leaf 
stage)1,2, bluebur3, 
burdock3 (before 4 leaf 
stage), false flax3, 
flix weed3, lamb’s 
quarters3, mustards3 
(except dog and tansy), 
prickly lettuce3, 
ragweeds3, redroot 
pigweed3, Russian 
pigweed3, shepherd’s 
purse3, stinkweed (field 
pennycress)3, vetch3, 
wild radish3, wild 
sunflower3 
 


beyond 8 cm in height. 
 
* DO NOT use these rates on 
plants greater than 8 cm in height. 
 
** For 3- to 4-leaf stage use 1.27 
L/ha rate. 
 
*** For weeds 8 cm to 15 cm in 
height use 1.27 L/ha rate. 
 
1 MCPA amine at 0.5 – 0.7 L/ha 
(250 – 350 g ai/ha) prior to peas. 
 
2 MCPA at 0.5 – 1.0 L/ha (250 – 
500 g ai/ha) prior to wheat, 
barley, oats, corn (field and 
sweet)C, rye and flax. 
 
3 MCPA at 0.7 – 1.0 L/ha (350 – 
500 g ai/ha) only. 
 
Use this tank mix prior to seeding 
in wheat, barley, rye, oats, corn 
(field and sweet)C, flax and field 
peasC. 
 
No surfactant required. 
 


Roundup 
WeatherMAX 
with Transorb 
2 Technology 
Liquid 
Herbicide 
 
+ 
 
Buctril® M 
Herbicide 


0.83 – 
1.27 
 
 
 
 
 
+ 
 
0.5 – 
1.01 


Volunteer cereals, wild 
oats, green foxtail, 
downy brome, giant 
foxtail, Persian darnel. 
 
Volunteer canola 
(rapeseed) (non-
Roundup Ready), wild 
mustard, flixweed, 
redroot pigweed, lady’s 
thumb, stinkweed, 
kochia, lamb’s quarters, 
hempnettle, Russian 


Weeds should be less than 15 cm 
tall and actively growing for best 
results. 
 
Use higher rate if weeds are 
beyond 8 cm in height. 
 
* DO NOT use these rates on 
plants greater than 8 cm in height. 
 
** For 3- to 4-leaf stage use 1.27 
L/ha rate. 
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TANK 
MIXTURES 


RATE 
(L/ha) 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Apply in 50-100 L/ha water) 


thistle, volunteer flax, 
common ragweed*, 
Canada fleabane, wild 
buckwheat**, narrow-
leaved hawk’s beard*** 
 
Volunteer Roundup 
Ready Canola (1-4 leaf 
stage)1,2 


 
Seedlings up to the 4-
leaf stage2:  green 
smartweed, pale 
smartweed, lady’s 
thumb, cow cockle, 
redroot pigweed, 
flixweed, bluebur, 
shepherd’s purse, 
kochia3, Russian thistle3, 
scentless chamomile4, 
volunteer sunflower, 
night flowering catchfly, 
cocklebur, velvetleaf5, 
ball mustard, American 
nightshade 
 
Seedlings up to the 6-
leaf stage2: wild tomato 
 
Seedlings up to the 8-
leaf stage2: wild 
buckwheat, tartary 
buckwheat, common 
buckwheat, stinkweed, 
wild mustard, wormseed 
mustard, lamb’s 
quarters, common 
ragweed, common 
groundsel 
 
Perennials (top 
growth)2: Canada thistle, 
perennial sowthistle 


*** For weeds 8 cm to 15 cm in 
height use 1.27 L/ha rate. 
 
1 Buctril M at 0.5 – 1.0 L/ha (280 
– 560 g ai/ha) for all crops listed. 
 
2 Buctril M at 1.0 L/ha (560 g 
ai/ha only). 
 
3 Spray before plants are 5 cm 
high. 
 
4 Spring annuals only. 
 
5 Spray before plants are 8 cm 
high. 
 
Use this tank mix prior to seeding 
in wheat, barley, rye, oats, corn, 
flax, canary seed and seedling 
grasses (including brome grass, 
crested wheatgrass, 
intermediate wheat grass, 
slender wheatgrass, tall 
wheatgrass, Russian wild rye, 
timothy, orchard grass, 
creeping red fescue, meadow 
fescue, meadow foxtail, seedling 
tall fescue, seedling meadow 
bromegrass, seedling 
streambank wheatgrass and 
reed canary grass. 
 
No surfactant required. 
 
 


Roundup 0.83 – Volunteer cereals, wild Weeds should be less than 15 cm 
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TANK 
MIXTURES 


RATE 
(L/ha) 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Apply in 50-100 L/ha water) 


WeatherMAX 
with Transorb 
2 Technology 
Liquid 
Herbicide 
 
+ 
 
MCPA amine 
(500 g/L 
formulation; if 
another 
formulation is 
used, adjust 
rate 
accordingly). 


1.27 
 
 
 
 
 
+ 
 
0.5 – 
0.7 


oats, green foxtail, 
downy brome, giant 
foxtail, Persian darnel. 
 
Volunteer canola 
(rapeseed)(non Roundup 
Ready), wild mustard, 
flixweed, redroot 
pigweed, lady’s thumb, 
stinkweed, kochia, 
lamb’s quarters, 
hempnettle, Russian 
thistle, volunteer flax, 
common ragweed*, 
Canada fleabane, wild 
buckwheat**, narrow-
leaved hawk’s beard*** 
 
Volunteer Roundup 
Ready canola (1-4 leaf 
stage)3, bluebur4, 
burdock4 (before 4 leaf 
stage), false flax4, 
flix weed4, lamb’s 
quarters4, mustards4 
(except dog and tansy), 
prickly lettuce4, 
ragweeds4, redroot 
pigweed4, Russian 
pigweed4, shepherd’s 
purse4, stinkweed4 (field 
pennycress), vetch4, 
wild radish4, wild 
sunflower4 


tall and actively growing for best 
results. 
 
Use higher rate if weeds are 
beyond 8 cm in height. 
 
*  DO NOT use these rates on 
plants greater than 8 cm in height. 
 
** For 3- to 4-leaf stage use 1.27 
L/ha rate. 
 
*** For weeds 8 cm to 15 cm in 
height use 1.27 L/ha rate. 
 
3 MCPA amine at 0.5 – 0.7 L/ha 
(250 – 350 g ai/ha) prior to lentils 
and chickpeas. 
 
4 MCPA amine at 0.7 L/ha (350 g 
ai/ha) only. 
 
Use this tank mix prior to seeding 
in lentil and chickpea. Under 
drought conditions, deep 
seeding and/or brief rain 
showers after seeding may 
cause injury to emerging 
seedlings in sprayer overlaps. 
 
 
No surfactant required. 
 
 


Roundup 
WeatherMAX 
with Transorb 
2 Technology 
Liquid 
Herbicide 
 
+ 
 
Express Toss-


0.83 – 
1.27 
 
 
 
 
 
+ 
 
10 g/ha 


Volunteer cereals, 
Canada thistle 
(suppression),  cow 
cockle, wild buckwheat,  
Canada fleabane 
common ragweed 
narrow-leaved hawk's 
beard, dandelion, downy  
brome, flixweed, giant 
foxtail, green foxtail, 


Use this tank mix in 
summerfallow or prior to seeding  
wheat and barley.  
 
Refer to Express Toss-N-Go label 
for the appropriate weed growth 
stage. 
 
Add 350 mL/ha of surfactant – 
see list in section 7.3. 
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TANK 
MIXTURES 


RATE 
(L/ha) 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Apply in 50-100 L/ha water) 


N-Go 
Herbicide  
Or 
Express Toss-
N-Go Dry 
Flowable 75% 
Herbicide  
 


(7.5 g 
ai/ha) 


hempnettle, kochia, 
lady's thumb, lamb's 
quarters, persian darnel, 
redroot pigweed, 
Russian thistle, 
stinkweed, volunteer 
canola, volunteer flax, 
wild mustard, wild oats 


 
♦ For foxtail barley, refer to “Perennial Weed Control” table (section 8.1). 
B 0.56 kg ai/ha of 2,4-D.  B, A Adjust rates accordingly for other 2,4-D formulations.  Use 
only low volatile ester or amine formulations of 2,4-D. 
C Use only amine formulations of MCPA prior to seeding in corn and field peas. 
 
Banvel II is a registered trademark of BASF. 
Pardner and Buctril® are registered trademarks of Bayer. 
Express is a registered trademark of E.I.duPont de Nemours and Company. 
Toss-N-Go is a registered trademark of E. I. duPont Canada Company. 
 
7.3 SURFACTANT INFORMATION 
 
NOTE:    
Addition of Surfactant – Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide tank mixtures for annual weed control may require the addition of a surfactant 
registered for use such as Agral 90, Ag-Surf or Companion. Refer to Section 7.2 for 
recommendations. Surfactant should be added at a rate of 350 millilitres per hectare, in 
50 - 100 litres of clean water. 
 
7.4 ADDITIONAL IMPORTANT INFORMATION FOR ANNUAL WEED 


CONTROL 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide applied alone will 
not control volunteers from crops containing the Roundup Ready® gene. 
 
Allow at least 1 day after treatment before tillage. 
 
Annual weeds generally will continue to germinate from seed throughout the growing 
season.  Repeat treatments may be necessary to control later germinating weeds, in some 
situations. 
 
For additional information and precautions, refer to “General Information” and 
“Mixing and Application ” (Sections 4.0 and 5.0, respectively). 
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7.5 WEED CONTROL IN TRUFLEX ROUNDUP READY CANOLA 
VARIETIES 


 
WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE TO TRUFLEX ROUNDUP READY  
CANOLA VARIETIES ONLY. 
 
NOTE: ALWAYS USE PEDIGREED (I.E., CERTIFIED) TRUFLEX ROUNDUP 
READY  CANOLA  SEED.  CANOLA NOT DESIGNATED AS TRUFLEX 
ROUNDUP READY  WILL BE DAMAGED OR DESTROYED BY THIS 
TREATMENT. 
 
• For additional information and precautions refer to “General Information” and 


“Mixing and Application ” (sections 4.0 and 5.0, respectively). 
 
• Apply to TRUFLEX ROUNDUP READY  canola only as directed. 
 
DO NOT APPLY BY AIR 
 
The following table describes the rate and specific application instructions for weed 
control in TRUFLEX ROUNDUP READY  canola varieties. 
 
WEED CONTROL IN TRUFLEX ROUNDUP READY  CANOLA VARIETIES 


RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS CONTROLLED COMMENTS 
(Apply in 50 –100 L/ha 


water) 
0.55-0.83 
Single 
application 


Emergence  to 
first flower* 


Annual Grasses 
Wild oats, green foxtail, volunteer 
barley, volunteer wheat,  barnyard grass 
 
Annual Broadleaves 
Stinkweed, redroot pigweed, wild 
mustard, Russian thistle, lamb’s-
quarters, non-Roundup Ready volunteer 
canola (rapeseed), hempnettle, lady’s-
thumb, kochia, chickweed, corn spurry, 
wild tomato, cleavers, wild buckwheat, 
shepherd’s purse1, cow cockle1, night-
flowering catchfly1, smartweed1 , 
stork’s-bill, flixweed, narrow-leaved 
hawk’s beard 
  
Perennials: (Suppression) 
Canada thistle, perennial sow thistle and 
dandelion 


1The 0.55 l/ha rate can be 
used for control of 
shepherd’s purse, cow 
cockle and night-flowering 
catchfly at the 1– 3 leaf 
stage of the crop or for 
control of smartweed at the 
4 –6 leaf stage. 
 
Repeat applications may be 
required if a second flush of 
weeds germinates prior to 
canopy closure. 
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Perennials: (Season-long control) 
Quackgrass, 


1.27 
Single 
application 


Emergence  to 
first flower * 


All the above weeds plus: 
Perennials (season-long control) 
Canada thistle, and perennial sow thistle 


 


0.83  
Sequential 
applications 
 
 


Emergence  to 
first flower * 


All the above weeds plus: 
Annual Broadleaves 
round-leaved mallow 
 
Perennials (season-long control) 
foxtail barley, Canada thistle, and 
perennial sow thistle 


For sequential applications, 
ensure the crop has not 
advanced beyond the 
recommended growth stage   
 
 


1.67  
Single 
application 


Emergence  to 
first flower * 


All the above weeds plus: 
Foxtail barley, smooth pigweed, 
common ragweed, cocklebur, eastern 
black nightshade,  
pennsylvannia smartweed, foxtail 
(yellow and giant), fall panicum, wild 
proso millet, crabgrass (smooth and 
large), velvet leaf, biennial wormwood2 
wire-stemmed muhly, volunteer adzuki 
beans3  
 


(Suppression only) 
Common Milkweed 
Yellow nutsedge 


2 Biennial wormwood 
should be at 2-8 leaf stage 
and actively growing. 
 
3For control of volunteer 
adzuki beans (unifoliate to 
the 4th trifoliate leaf stage) 


apply 1.67 L/ha.  A second 
1.67 L/ha application may 
be used for late flushes 
emerging after the initial 
treatment.  Adzuki beans 
should be at unifoliate to 
fourth trifoliate leaf stage 
and actively growing. 


1.67  
Sequential 
applications 


Emergence  to 
first flower * 


All the above weeds plus: 
Perennials (season-long control) 
Dandelion 
Common Milkweed 
Field Bindweed 
Yellow nutsedge 
Horsenettle, 
Tall waterhemp 


Bur cucumber 


 


A sequential application 
may be made at least 2 
weeks after the first 
application. 
 
A second 1.67 L/ha 
application may be used for 
late weed flushes emerging 
after the initial treatment. 
 
Common milkweed should 
be 15-60 cm in height and 
actively growing. 


 
Yellow nutsedge should be 
5-15 cm in height and 
actively growing. 
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Horse-nettle (2-12-leaf 
stage)  
 
Tall waterhemp up to and 
including the 18 leaf stage) 


 


 Bur Cucumber from the 1-
18 leaf stage.  


3.33  
Single 
application 


Emergence  to 
6 leaf 


All the above weeds 
 
 


One application allowed in 
crop per season 


* First flower is when 50% of the plants in the field have no more than one flower.  
 
Ensure the crop has not advanced beyond the recommended growth stage for all 
applications. 
 
Guidelines: 
Repeat applications may be required if a second flush of weeds germinates prior to 
canopy closure. 
 
Maximum 3.33L/ha is allowed for the postemergence use. 
 
 
7.5.1  TRUFLEX ROUNDUP READY  HYBRID CANOLA SEED PRODUCTION 
 
For Use only in TRUFLEX ROUNDUP READY  Canola Seed Production Systems 
  
Apply using ground boom spray equipment. 
 
Roundup WeatherMAX With Transorb 2 Technology Liquid Herbicide may be applied 
for the control of non-glyphosate tolerant canola pollen parental line(s) in hybrid canola 
seed production fields containing both TRUFLEX ROUNDUP READY  line(s) and non-
TRUFLEX ROUNDUP READY  line(s). 
 
When pollination is complete or near completion, non-TRUFLEX ROUNDUP READY  
pollen parental line(s) may be controlled with an application of 0.83 to 1.67 litres per 
hectare of Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide applied 
in 50 to 200 litres per hectare water.    
 
Sequential applications (maximum 2 applications) may be used for the control of pollen 
parental line(s) but the total maximum rate applied must not exceed 1.67 litres per 
hectare. Allow at least 5 days between sequential applications. 
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7.6 WEED CONTROL IN ROUNDUP READY® CANOLA VARIETIES 
 
WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE ON ROUNDUP READY® CANOLA 
VARIETIES ONLY. 
 
NOTE: ALWAYS USE PEDIGREED (I.E., CERTIFIED) ROUNDUP READY® 
CANOLA  SEED.  CANOLA WHICH IS NOT DESIGNATED AS ROUNDUP 
READY® WILL BE DAMAGED OR DESTROYED BY THIS TREATMENT. 
 
• For additional information and precautions refer to “General Information” and 


“Mixing and Application ” (sections 4.0 and 5.0, respectively). 
 
• Apply Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide in 


Roundup Ready® canola only as directed in the following weed control table. 
 
• Some short-term, visual yellowing may occur when Roundup WeatherMAX with 


Transorb 2 Technology Liquid Herbicide is applied at the late application (4 to 6 
leaf stage) of the crop.  This effect is temporary and will not influence crop 
growth, maturity or yield. 


 
DO NOT APPLY BY AIR. 
 
The following table describes the rate and specific application instructions for control of 
annual and perennial weeds in Roundup Ready® canola varieties. 
 


WEED CONTROL IN ROUNDUP READY ® CANOLA VARIETIES 
 
RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS CONTROLLED  COMMENTS 
(Apply in 50 –100 L/ha water) 


0.55 – 
1.27 


0 to 6 leaf Annual Grasses 
Wild oats, green foxtail, 
volunteer barley, volunteer 
wheat, barnyard grass 
 
Annual Broadleaves 
Stinkweed, redroot 
pigweed, wild mustard, 
Russian thistle, lamb’s-
quarters, non-Roundup 
Ready volunteer canola 
(rapeseed), hempnettle, 
lady’s-thumb, kochia, 
chickweed, corn spurry, 


Repeat applications may be 
required if a second flush of 
weeds germinates prior to canopy 
closure. 
 
Ensure the crop has not advanced 
beyond the recommended growth 
stage. 
 
* Use the 0.83 L/ha rate for 
control of these weeds at all 
crop growth stages.  The lower 
rate can be used for control of 
shepherd’s purse, cow cockle and 
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RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS CONTROLLED  COMMENTS 
(Apply in 50 –100 L/ha water) 


wild tomato, cleavers*, 
wild buckwheat*, 
shepherd’s purse*, cow 
cockle*, night-flowering 
catchfly*, smartweed*, 
stork’s-bill*, flixweed*, 
narrow-leaved hawk’s 
beard*, round-leaved 
mallow*** 
 
Perennials 
(suppression)** 
Canada thistle, perennial 
sow thistle, dandelion 
 
Perennials (season-long 
control) 
Quackgrass**, foxtail 
barley***, Canada 
thistle****, and perennial 
sow thistle**** 


night-flowering catchfly at the 1– 
to 3-leaf stage of the crop or for 
control of smartweed at the 4– to 
6-leaf stage. 
 
** A single application of 0.83 
L/ha is required. 
 
*** Sequential applications of 
0.83 L/ha are required. 
 
**** Sequential applications of 
0.83 L/ha are required or a single 
application of 1.27 L/ha. 
 
For sequential applications, 
ensure the crop has not advanced 
beyond the recommended growth 
stage. 
 
Maximum 1.66 L/ha is allowed 
for the postemergence use. 


 
7.6.1 TANK MIXTURES 
 
For season long control of top growth of Canada thistle and control of wild buckwheat in 
Roundup Ready® canola varieties, apply a tank mixture of 0.28 L/ha of Lontrel 360 with 
0.83 L/ha of Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide, in 
100 litres of water per hectare.  Apply when canola is in the 2- to 6-leaf stage.  Refer to 
the Lontrel 360 and to the Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide labels for a list of other weeds controlled, timing of application, water volumes 
and use precautions. 
 
Lontrel® is a registered trademark of Dow AgroSciences LLC. 
 
 
7.6.2  ROUNDUP READY® HYBRID CANOLA SEED PRODUCTION 
 
For Use only in Roundup Ready® Hybrid Canola Seed Production Systems 
  
Apply using ground boom spray equipment. 
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Roundup WeatherMAX With Transorb 2 Technology Liquid Herbicide may be applied 
for the control of non-Roundup Ready® canola pollen parental line(s) in hybrid canola 
seed production fields containing both Roundup Ready® line(s) and non-Roundup 
Ready® line(s). 
 
When pollination is complete or near completion, non-Roundup Ready® pollen parental 
line(s) may be controlled with an application of 0.83 to 1.67 litres per hectare of Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide applied in 50 to 200 litres 
per hectare water.    
 
Sequential applications (maximum 2 applications) may be used for the control of pollen 
parental line(s) but the total maximum rate applied must not exceed 1.67 litres per 
hectare. Allow at least 5 days between sequential applications. 
 
7.7 WEED CONTROL IN ROUNDUP READY OR ROUNDUP READY2 


YIELD ® SOYBEAN VARIETIES 
 
7.7.1 WEED CONTROL IN ROUNDUP READY2 YIELD SOYBEAN 


VARIETIES 
 
WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE ON ROUNDUP READY2 YIELD 
SOYBEAN VARIETIES ONLY. 
 
NOTE: ROUNDUP READY 2 YIELD SOYBEAN VARIETIES ARE TOLERANT 
OF GLYPHOSATE, THE ACTIVE INGREDIENT IN ROUNDUP 
WEATHERMAX WITH TRANSORB 2 TECHNOLOGY LIQUID HERBICIDE.  
ALWAYS USE PEDIGREED (I.E., CERTIFIED) SOYBEAN SEED 
DESIGNATED AS ROUNDUP READY2 YIELD.  SOYBEANS WHICH ARE NOT 
DESIGNATED AS ROUNDUP READY2 YIELD WILL BE DAMAGED OR 
DESTROYED BY THIS TREATMENT. 
 
DO NOT APPLY BY AIR. 
 
RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Use 100 – 200 L/ha water 


volumes) 
1.67 First 


trifoliate 
leaf stage 
through 
flowering 


Velvetleaf, common 
ragweed, common lamb’s 
quarters, redroot pigweed, 
smooth pigweed, 
cocklebur, green 
smartweed, lady’s-thumb, 
Pennsylvania smartweed, 
Eastern black nightshade, 
wild mustard, wild 


1  A single application of 1.67 
L/ha will provide suppression 
only. 
 
2  For control of common 
milkweed, yellow nutsedge, 
round-leaved mallow and field 
bindweed, a second sequential 
application may be at least 2 
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RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Use 100 – 200 L/ha water 


volumes) 
buckwheat, foxtail (green, 
yellow, giant), barnyard 
grass, crabgrass (smooth, 
large), quackgrass, fall 
panicum, wild proso millet, 
wild oats, volunteer barley, 
volunteer wheat, 
stinkweed, Russian thistle, 
non-Roundup Ready 
canola (rapeseed), hemp-
nettle, kochia, chickweed, 
corn spurry, wild tomato, 
cleavers, shepherd's purse, 
cow cockle, night 
flowering catchfly, stork's 
bill, flixweed, narrow 
leaved hawk's-beard 
 
common milkweed1,2, 
yellow nutsedge1,2, field 
bindweed2, perennial sow 
thistle, Canada thistle. 
wire-stemmed muhly. 
 
Bur cucumber (Sicyos 
angulatus)3  


 
Volunteer adzuki beans 
(Vigna angularis)4 


 
Biennial Wormwood 
(Artemisia biennis)5 


 


weeks after the first application. 
 
• A second 1.67 L/ha 


application may be used for 
late weed flushes emerging 
after the initial treatment. 


 
• Any second application made 


must be applied no later than 
the flowering stage of the 
soybean. 


 
• Common milkweed should be 


15-60 cm in height and 
actively growing. 


 
• Yellow nutsedge should be 5-


15 cm in height and actively 
growing. 


 
• Perennial sow thistle and 


Canada thistle should be from 
the rosette stage to 50 cm in 
height and actively growing. 


 
• Wire-stemmed muhly should 


be 10-20 cm in height and 
actively growing. 


 
• Plants not fully emerged at the 


time of application will escape 
treatment. 


 
• 3Sequential applications of 


1.67 L/ha followed by 1.67 
L/ha at the 1-18 leaf stage. 
Applications should be at least 
2 weeks apart for best results. 
 


• 4For control of volunteer 
adzuki beans (unifoliate to the 
4th trifoliate leaf stage) apply 
1.67 L/ha.  A second 1.67 
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RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Use 100 – 200 L/ha water 


volumes) 
L/ha application may be used 
for late flushes emerging after 
the initial treatment.  Adzuki 
beans should be at unifoliate 
to fourth trifoliate leaf stage 
and actively growing 


 
 
• 5


 Only one application per 
season at 1.67L/ha. Biennial 
wormwood should be at 2-8 
leaf stage and actively 
growing. 


 
3.33 First 


trifoliate 
leaf stage 
through 
flowering 


All weeds listed above plus 
horse-nettle6 and tall 
waterhemp6 


• Only one application per 
season at 3.33 L/ha. 


 


• Common milkweed should be 
15-60 cm in height and 
actively growing. 


 
• Yellow nutsedge should be 5-


15 cm in height and actively 
growing. 


 
• Plants not fully emerged at 


the time of application will 
escape treatment. 


 
6 For season-long control of 
horse-nettle (Solanum 
carolinense) (2- to 12-leaf stage) 
or, for control of tall waterhemp 
(Amaranthus tuberculatos) (up to 
and including the 18-leaf stage) 


apply 3.33 L/ha. Alternatively, 
sequential applications of 1.67 
L/ha followed by 1.67 L/ha may 
be applied.  Applications should 
be at least 2 weeks apart for best 
results. 
 
6For the control of Tall 
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RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS  
(Use 100 – 200 L/ha water 


volumes) 
Waterhemp use the higher rate if 
weeds are beyond the 6-leaf stage. 


4.67  First 
trifoliate 
leaf stage 
through 
flowering 


All weeds listed above plus  
control of volunteer alfalfa 
and bromegrass  


Only one application per season 
at 4.67 L/ha. 
 
Alfalfa should have 9 or more 
leaves and be at least 10-15 cm 
tall. 
 
Bromegrass should have at least 
3-5 leaves and be at least 10-15 
cm tall. 
 
Short term yellowing may occur 
in sprayer overlap areas with the 
4.67 L/ha application rate.  This 
effect is temporary and will not 
influence crop growth or yield. 


 
♦Weeds will be more easily controlled and early crop competition avoided with 
applications made when the weeds are small.  Control of annual weeds greater than 25 
cm in height will be inconsistent, although some weeds may be controlled. 
 
7.7.2 WEED CONTROL IN ROUNDUP READY SOYBEAN VARIETIES 
 
WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE ON ROUNDUP READY SOYBEAN 
VARIETIES ONLY. 
 
NOTE: ALWAYS USE PEDIGREED (I.E., CERTIFIED) SOYBEAN SEED 
DESIGNATED AS ROUNDUP READY.  SOYBEANS WHICH ARE NOT 
DESIGNATED AS ROUNDUP READY WILL BE DAMAGED OR DESTROYED 
BY THIS TREATMENT. 
 
DO NOT APPLY BY AIR. 
 
Apply 1.67 – 3.33 L/ha of Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide to Roundup Ready soybean varieties. 
 
See Section 7.6.1 for use directions. 
 
Do not apply the 4.67 L/ha rate to non-Roundup Ready2 Yield soybean varieties. 
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7.7.3 TANK MIXTURES 
 
Tank mixtures may be applied to both Roundup Ready2 Yield and Roundup Ready 
soybean varieties. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide Plus Pursuit 
Herbicide 
 
For added residual control of late germinating eastern black nightshade, common lamb’s 
quarters, redroot pigweed, velvetleaf, fall panicum and wild proso millet, Pursuit 
herbicide may be tank mixed with Roundup WeatherMAX with Transorb II Technology 
Liquid Herbicide at a rate of 1.67 liters per hectare.  Use 0.16 to 0.21 liters per hectare of 
Pursuit and apply up to and including the 3rd trifoliate leaf stage of the Roundup Ready 
soybeans in 100-200 liters per hectare of clean water.  The higher rate is recommended 
for heavier infestations.  This tank mix is recommended primarily for soybean systems 
with row spacings of 50 centimeters (20 inches) or more where a single application 
timing is desired. 
 
Mixing:  Add and mix Pursuit as per instructions on the Pursuit label and then add 
Roundup WeatherMAX with Transorb II Technology Liquid Herbicide as per 
instructions on this label. 
 
A PHI of 100 days is required for the tank mix of Roundup WeatherMAX with Transorb 
2 Technology Liquid Herbicide and Pursuit herbicide on Roundup Ready2 yield 
soybeans. 
 
Only one application per season of Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide at 1.67 liters per hectare tank mixed with Pursuit herbicide at 0.16 to 
0.21 liters per hectare is permitted. 
 
Refer to the Pursuit herbicide label for further safety precautions and handling 
instructions. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide Plus 
FirstRateTM  Herbicide (For Use in Eastern Canada Only) 
 
For added residual control of common ragweed, velvetleaf, cocklebur, jimsonweed and 
giant ragweed, FirstRate Herbicide may be tank mixed with Roundup WeatherMAX with 
Transorb 2 Technology Liquid Herbicide at a rate of 0.83 - 1.67 liters per hectare.  Use 
20.8 grams per hectare of FirstRate Herbicide.  
 
Do not harvest soybean plants for forage or hay. Do not harvest soybeans for 65 days 
after application. 
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Only one application per season of Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide tank mixed with FirstRate Herbicide is permitted. 
 
Refer to the FirstRate Herbicide label for further safety precautions and handling 
instructions. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide and Classic 
25 DF Herbicide* 
 
For season-long control of dandelion, annual sow thistle, and yellow nutsedge*, apply 
Classic 25 DF Herbicide at 36 grams per hectare plus either Roundup WeatherMAX with 
Transorb 2 Technology Liquid Herbicide at 1.67 litres per hectare. Add a non-ionic 
surfactant such as Agral 90, Citowett Plus, or Ag-Surf at 0.2% v/v.  Apply when 
soybeans are in the 1-3 trifoliate stage; dandelions and annual sow thistle less than 15 cm 
tall and across; and up to the 8 leaf stage for yellow nutsedge. USE THIS TANK 
MIXTURE ONLY ON SOYBEANS WITH THE ROUNDUP READY® TRAIT.  
 
Consult the Classic 25 DF Herbicide label for tank mixing instructions and use 
precautions including instructions on replanting to other crops.   
 
*Use this tank mix only in cases of heavy infestation of yellow nutsedge. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Sencor® 75 DF Herbicide for Control of Spreading Atriplex (Eastern Canada only) 
 
For the control of spreading atriplex, apply a preplant application of Sencor 75 DF 
Herbicide at 0.75 - 1.11 kg product per hectare on medium textured soils or 1.11 – 1.5 kg 
product per hectare on fine textured soils plus Roundup WeatherMAX With Transorb 2 
Technology Liquid Herbicide at 1.67 litres per hectare. Do not apply on coarse textured 
soils. Apply when spreading atriplex is up to the 10-leaf stage of growth.   Only one 
application per year is permitted. 
 
Refer to the Sencor 75 DF Herbicide label for further use directions, safety precautions 
and handling instructions. Consult Table entitled "Sencor 75 DF Alone: Preemergence 
Application" for specific rates based on soil types and organic matter. 
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Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Assure II Herbicide 
 


RATE GROWTH 
STAGE OF 


CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 


1.67 – 3.33 L/ha 
Roundup WeatherMAX 
with Transorb 2 
Technology Liquid 
Herbicide 
 
+ 
 
0.25 - 0.38 L/ha Assure 
II Herbicide 


First trifoliate 
leaf stage 
through 
flowering. 


Volunteer Roundup 
Ready corn. 
 
Apply at the 2- to 6-
leaf stage of the weed. 


See additional 
information 
following this 
table. 


*Sure Mix may or may not be added to this tank mix 
 
♦ Weeds will be more easily controlled and early crop competition avoided with 
applications made when the weeds are small.  Control of annual weeds greater than 25 
centimetres in height will be inconsistent, although some weeds may be controlled. 
 
Volunteer Roundup Ready Corn Control 
 
For control of volunteer Roundup Ready corn, Assure II herbicide may be tank mixed 
with Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide.  Use 1.67 to 
3.33 litres per hectare Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide and 0.25 - 0.38 litre per hectare of Assure II herbicide. 
 
The higher rate of Assure II may be required when there are high populations of 
volunteer Roundup Ready corn, other grass weeds are present or when conditions at 
application are not favorable for weed growth. 
 
Apply in 100 to 300 litres per hectare of clean water. 
 
Mixing:  Add and mix Assure II herbicide as per instructions on the Assure II herbicide 
label and then add Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide 
as per instructions on this label. 
 
This tank mix is to be applied when the crop is from the first trifoliate leaf stage through 
flowering and when the volunteer Roundup Ready corn is at the 2- to 6-leaf stage.  
 
A PHI (preharvest interval) of 80 days is required for the tank-mix of Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide and Assure II herbicide on 
Roundup Ready2 Yield soybeans. 
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Refer to the Assure II Herbicide label for further safety precautions and handling 
instructions. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Venture L Herbicide 
 


RATE GROWTH 
STAGE OF 


CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 


1.67 – 3.33 L/ha 
Roundup WeatherMAX 
with Transorb 2 
Technology Liquid 
Herbicide 
+ 
0.45 - 0.60 L/ha  
Venture L Herbicide** 


First trifoliate 
leaf stage 
through third 
trifoliate leaf 
stage 


Volunteer Roundup 
Ready corn. 
 
Apply at the 2- to 5-
leaf stage of the weed. 


See additional 
information 
following this 
table. 


*Turbocharge may or may not be added to this tank mix 
 
♦ Weeds will be more easily controlled and early crop competition avoided with 
applications made when the weeds are small.  Control of annual weeds greater than 25 
centimetres in height will be inconsistent, although some weeds may be controlled. 
 
For control of volunteer Roundup Ready corn, Venture L Herbicide may be tank mixed 
with Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide.  Use 1.67 to 
3.33 litres per hectare Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide and 0.45 - 0.60 litre per hectare of Venture L Herbicide. 
 
The higher rate of Venture L Herbicide may be required when there are high populations 
of volunteer Roundup Ready corn, other grass weeds are present or when conditions at 
application are not favorable for weed growth. 
 
Apply in 100 to 200 litres per hectare of clean water. 
 
Mixing:  Add and mix Venture L Herbicide as per instructions on the Venture L 
Herbicide label and then add Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide as per instructions on this label. 
 
This tank mix is to be applied when the crop is from the first trifoliate leaf stage through 
third trifoliate leaf stage and when the volunteer Roundup Ready corn is at the 2- to 5-
leaf stage.  
 
A PHI (preharvest interval) of 90 days is required for the tank-mix of Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide and Venture L Herbicide on 
Roundup Ready2 Yield and Roundup Ready Soybeans. 
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Refer to the Venture L Herbicide label for further safety precautions and handling 
instructions. 
 
FirstRate is a trademark of Dow AgroSciences LLC. 
Pursuit is a registered trademark of BASF. 
Sencor is a registered trademark of Bayer. 
Assure and Classic are registered trademarks of E.I. duPont de Nemours and Company. 
Venture is a registered trademark of a Syngenta group company. 
 
 
7.8 WEED CONTROL IN CORN VARIETIES WITH ROUNDUP READY® 2 


TECHNOLOGY 
 
WARNING: APPLY ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE ON ONLY CORN VARIETIES THAT 
ARE DESIGNATED AS CONTAINING ROUNDUP READY® 2 TECHNOLOGY 
(I.E. CONTAINS A ROUNDUP READY GENE).  
 
 
NOTE: CORN VARIETIES CONTAINING ROUNDUP READY® 2 
TECHNOLOGY ARE TOLERANT OF GLYPHOSATE, THE ACTIVE 
INGREDIENT IN ROUNDUP WEATHERMAX WITH TRANSORB II 
TECHNOLOGY LIQUID HERBICIDE. ALWAYS USE PEDIGREED (I.E. 
CERTIFIED) CORN SEED DESIGNATED AS CONTAINING ROUNDUP 
READY® 2 TECHNOLOGY. CORN WHICH IS NOT DESIGNATED AS 
 CONTAINING ROUNDUP READY® 2 TECHNOLOGY MAY BE DAMAGED 
OR DESTROYED BY THIS TREATMENT.  
 
DO NOT APPLY BY AIR 
 
RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 
(use 100-200 L/ha water  


volumes) 
1.67 Up to and 


including 8 
leaf stage 


Velvetleaf, common 
ragweed, common lamb’s-
quarters, redroot pigweed, 
smooth pigweed, 
cocklebur, green 
smartweed, lady’s-thumb, 
Pennsylvania smartweed, 
Eastern black nightshade, 
wild mustard, wild 
buckwheat, foxtail (green, 
yellow, giant), barnyard 
grass, crabgrass (smooth, 


1  A single application of 1.67 L/ha 
will provide suppression only. 
 
2  For control of common 
milkweed, yellow nutsedge, round-
leaved mallow and field bindweed, 
a second sequential application 
may be at least 2 weeks after the 
first application. 
 
• A second 1.67 L/ha application 


may be used for late weed 


1202Appeal Book, Tab 11







 45


RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 
(use 100-200 L/ha water  


volumes) 
large), quackgrass, fall 
panicum, wild proso 
millet,  
wild oats, volunteer 
barley, volunteer wheat, 
stinkweed, wild mustard, 
Russian thistle, non-
Roundup Ready canola 
(rapeseed), hemp-nettle, 
kochia, chickweed, corn 
spurry, wild tomato, 
cleavers, shepherd’s 
purse, cow cockle, night-
flowering catchfly, 
stork’s-bill, flixweed, 
narrow-leaved hawk’s- 
beard 
 
common milkweed1,2, 
yellow nutsedge1,2, round-
leaved mallow2, field 
bindweed2, perennial sow 
thistle, Canada thistle, 
wire-stemmed muhly 
 


flushes emerging after the 
initial treatment. 


 
• Any second application must 


be applied no later than the 8 
leaf stage of the corn. 


 
• Common milkweed should be 


15-60 cm in height and actively 
growing. 


 
• Yellow nutsedge should be 5-


15 cm in height and actively 
growing. 


 
• Perennial sow thistle and 


Canada thistle should be from 
the rosette stage to 50 cm in 
height and actively growing. 


 
• Wire-stemmed muhly should 


be 10-20 cm in height and 
actively growing. 


 
• Plants not fully emerged at the 


time of application will escape 
treatment. 


3.33 Up to and 
including 6 
leaf stage 


All weeds listed above 
 


• Only one application per 
season at 3.33 L/ha. 


 


• Common milkweed should be 
15-60 cm in height and actively 
growing. 


 
• Yellow nutsedge should be 5-


15 cm in height and actively 
growing. 


 
• Plants not fully emerged at the 


time of application will escape 
treatment. 
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♦ Weeds will be more easily controlled and early crop competition avoided with 
applications made when the weeds are small.  Control of weeds greater than 25 cm in 
height will be inconsistent, although some weeds may be controlled. 
 
7.8.1 TANK MIXTURES 
 
For tank mixtures, add herbicide according to instructions on the product label, and then 
add Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide according to 
instructions on this label (section 5).  Refer to the tank mix herbicide labels for further 
safety precautions, use recommendations and product handling instructions. 
 
DO NOT APPLY BY AIR 
 


RATE GROWTH 
STAGE OF CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 
(Use 100-200 L/ha 


water volumes) 
1.67 L/ha Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
 
+ 
 
0.75 – 1.0 kg ai/ha 
atrazine* 


Up to and including 
the 5-leaf stage. 


Residual control of 
lamb’s-quarters, 
redroot pigweed, 
common ragweed. 


Tank-mix should be 
used when only a 
single application 
timing is desired.  
Use the higher rate 
of atrazine for 
heavier weed 
infestations. 


1.67 L/ha Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
 
+ 
 
2.5 – 3.7 L/ha 
Marksman 
Herbicide 


Up to and including 
the 5-leaf stage. 


Residual control of 
lamb’s-quarters, 
redroot pigweed, 
common ragweed, 
velvetleaf. 


Tank-mix should be 
used when only a 
single application 
timing is desired.  
Use the higher rate 
of Marksman for 
heavier weed 
infestations. 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
0.56 – 1.12 L/ha 
2,4-D Herbicide** 


Before the corn is 
15 cm tall (leaf 
extended) and/or 
before the 6 leaf 
stage. 


Volunteer Roundup 
Ready canola – up 
to the 4 leaf stage. 


Tank mix is most 
effective when 
treating small (4 leaf 
or less) canola 
plants. 
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RATE GROWTH 
STAGE OF CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 
(Use 100-200 L/ha 


water volumes) 
Two applications: 
 
First application: 
1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
0.56 L/ha  
2,4-D Herbicide** 
 
Second application: 
1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+ 
0.42-0.56 L/ha  
2,4-D Herbicide** 


Before the corn is 
15 cm tall (leaf 
extended) and/or 
before the 6 leaf 
stage. 


Volunteer Roundup 
Ready canola – up 
to the 4 leaf stage. 


Tank mix is most 
effective when 
treating small (4 leaf 
or less) canola 
plants. 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
13.3 g/ha  
Peak 75WG 
Herbicide  
+  
0.3 L/ha  
Banvel II Herbicide 
+  
non ionic surfactant  
(0.2% v/v) 


Spike up to and 
including the 5 leaf 
stage. 


Volunteer Roundup 
Ready canola – up 
to the 4 leaf stage. 


Tank mix is most 
effective when 
treating small (4 leaf 
or less) canola 
plants. 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 


Before the corn is 
15 cm tall (leaf 
extended) 


Volunteer Roundup 
Ready canola – up 
to the 4 leaf stage. 


Tank mix is most 
effective when 
treating small (4 leaf 
or less) canola 
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RATE GROWTH 
STAGE OF CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 
(Use 100-200 L/ha 


water volumes) 
Technology Liquid 
Herbicide 
+  
1.1 L/ha  
Dyvel DSp Liquid 
Herbicide 


plants. 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
0.21 L/ha  
Callisto 480SC 
Herbicide 


3 - 8 leaf stage of 
corn 


Eastern black 
nightshade, 
velvetleaf, redroot 
pigweed, common 
ragweed 
(suppression only) 
plus emerged annual 
and perennial weeds 


Add Agral 90 at 
0.2% v/v 
 
Apply up to the 8 
leaf stage of 
broadleaf weeds 
 
Some perennial 
weeds may not be 
controlled with 
these rates. 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
0.21 L/ha  
Callisto® 480SC 
Herbicide 
+ 
0.58 L/ha Aatrex 
Liquid 480 
Herbicide 


3 - 8 leaf stage of 
corn 


Eastern black 
nightshade, 
velvetleaf, redroot 
pigweed, common 
ragweed plus 
emerged annual and 
perennial weeds 


Add Agral 90 at 
0.2% v/v 
 
Apply up to the 8 
leaf stage of 
broadleaf weeds 
 
Some perennial 
weeds may not be 
controlled with 
these rates 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
2.5 L/ha  
Primextra® II 
Magnum® 
Herbicide 


Apply up to and 
including 6 leaf 
stage of corn. 
 


Annual grasses and 
broadleaf weeds, 
emerged annual 
or perennial 
weeds 


This tank mix 
requires the use of a 
surfactant. AGRAL 
90 or Ag-Surf may 
be used.  
 
Do NOT apply this 


tank-mix to soils 
with less than 1% 
or more than 
10% organic 
matter. 
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RATE GROWTH 
STAGE OF CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 
(Use 100-200 L/ha 


water volumes) 
1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
0.625 L/ha  
Banvel II Herbicide 
 


Spike to 5 leaf Weeds controlled by 
Roundup 
WeatherMAX plus 
improved control of 
Velvetleaf and 
extended control of 
late germinating, 
deep rooted annuals  
on the Banvel II 
Herbicide label. 


 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
285 g/ha  
Distinct Herbicide 
+ 
Non ionic surfactant 
+ 
28% UAN 


2 to 6 leaf Weeds controlled by 
Roundup 
WeatherMAX plus 
extended control of 
late emerging weeds 
listed on the Distinct 
Herbicide label. 
  


Non-ionic surfactant 
applied at 0.2% v/v 
 
28% UAN applied 
at 1.25% v/v 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
1.25 L/ha Dual II 
Magnum Herbicide 
+ 
1.0 kg ai/ha 
atrazine* 


Spike to 6 leaf Weeds controlled by 
Roundup 
WeatherMAX plus 
extended control of 
annual grass and 
broadleaf weeds on 
the tank mix partner 
labels. 


 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
1.1 L/ha Frontier 


Emergence to 3 leaf Weeds controlled by 
Roundup 
WeatherMAX plus 
extended control of 
annual grass and 
broadleaf weeds on 
the tank mix partner 
labels. 
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RATE GROWTH 
STAGE OF CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 
(Use 100-200 L/ha 


water volumes) 
Herbicide 
+ 
1.0 kg ai/ha 
atrazine* 
1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
4.2 L/ha Prowl 
400EC Herbicide 
+ 
1.0 kg ai/ha 
atrazine* 


Up to and including 
the 4 leaf stage of 
corn 


Weeds controlled by 
Roundup 
WeatherMAX plus 
extended control of 
annual grass and 
broadleaf weeds on 
the tank mix partner 
labels. 


 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
0.21 L/ha Callisto® 
480SC 
 Herbicide 
+ 
Non ionic surfactant 


3 to 8 leaf stage of 
corn 


Weeds controlled by 
Roundup 
WeatherMAX plus 
extended control of 
eastern black 
nightshade, 
velvetleaf, redroot 
pigweed, and 
common ragweed. 


Add non ionic 
surfactant at 
0.2%v/v 


1.67 L/ha  
Roundup 
WeatherMAX with 
Transorb 2 
Technology Liquid 
Herbicide 
+  
2.5 - 3.0 L/ha 
Primextra II  
Magnum Herbicide 


Spike to 6 leaf stage 
of corn 


Weeds controlled by 
Roundup 
WeatherMAX plus 
extended control of 
annual grass and 
broadleaf weeds on 
the Primextra II 
Magnum label. 


 


 
* 0.75 to 1.0 kilogram active ingredient atrazine per hectare is equivalent to 1.56 to 2.08 
litres per hectare of Atrazine 480 or Aatrex Liquid 480. 
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** 500 g ai/litre of 2,4-D formulation.  Adjust rates accordingly for other 2,4-D 
formulations.  Use only low volatile ester or amine formulations of 2,4-D. Some corn 
hybrids may be injured by an application of 2,4-D. It is recommended that the corn seed 
provider be contacted regarding the tolerance of the corn hybrid to be treated, to 2,4-D 
prior to application of this tank mix. 
 
♦ Weeds will be more easily controlled and early crop competition avoided with 
applications made when the weeds are small.  Control of weeds greater than 25 
centimetres in height will be inconsistent, although some weeds may be controlled. 
 
Aatrex and Peak are registered trademarks of a Syngenta group company. 
Marksman, Banvel II and Dyvel DS are registered trademarks of BASF Corporation. 
 
7.9 WEED CONTROL IN SWEET CORN VARIETIES WITH ROUNDUP 


READY 2 TECHNOLOGY 
 
WARNING: APPLY ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE ON ONLY SWEET CORN VARIETIES 
THAT ARE DESIGNATED AS CONTAINING ROUNDUP READY 2 
TECHNOLOGY (I.E. CONTAINS A ROUNDUP READY GENE).  
 
NOTE: SWEET CORN VARIETIES CONTAINING ROUNDUP READY 2 
TECHNOLOGY ARE TOLERANT OF GLYPHOSATE, THE ACTIVE 
INGREDIENT IN ROUNDUP WEATHERMAX WITH TRANSORB II 
TECHNOLOGY LIQUID HERBICIDE. ALWAYS USE PEDIGREED (I.E. 
CERTIFIED) SWEET CORN SEED DESIGNATED AS CONTAINING 
ROUNDUP READY 2 TECHNOLOGY. SWEET CORN WHICH IS NOT 
DESIGNATED AS CONTAINING ROUNDUP READY 2 TECHNOLOGY MAY 
BE DAMAGED OR DESTROYED BY THIS TREATMENT.  
 
WEED CONTROL:   
RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 
(use 100-200 L/ha water  


volumes) 
1.67 Up to and 


including 8 
leaf stage 


See Weeds Controlled in 
Section 7.7 Table 
 


• See Comments in Section 7.7 
Table 


• A second 1.67 L/ha application 
may be used for late weed 
flushes emerging after the 
initial treatment. 


• Any second application must 
be applied no later than the 8 
leaf stage of the corn. 


3.33 Up to and 
including 6 
leaf stage 


See Weeds Controlled in 
Section 7.7 Table 


• See Comments in Section 7.7 
Table 


• Only one application per 
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RATE 
(L/ha) 


GROWTH 
STAGE OF 


CROP 


WEEDS 
CONTROLLED ♦♦♦♦ 


COMMENTS 
(use 100-200 L/ha water  


volumes) 
season at 3.33 L/ha. 


♦ Weeds will be more easily controlled and early crop competition avoided with 
applications made when the weeds are small.  Control of weeds greater than 25 cm in 
height will be inconsistent, although some weeds may be controlled. 
♦ Plants not fully emerged at the time of application will escape treatment. 
 
TANK MIXES - Do not apply Tank Mixes to sweet corn varieties with Roundup 
Ready 2 Technology  
 
Allow a minimum of 30 days between application of this product and harvest.  
 
DO NOT APPLY BY AIR 
 
 
7.10 WEED CONTROL IN ROUNDUP READY® SUGAR BEETS 
 
WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE ON ROUNDUP READY SUGAR BEET 
VARIETIES ONLY. 
 
NOTE: ALWAYS USE PEDIGREED (CERTIFIED) SUGAR BEET SEED 
DESIGNATED AS ROUNDUP READY.  SUGAR BEETS WHICH ARE NOT 
DESIGNATED AS ROUNDUP READY WILL BE DAMAGED OR DESTROYED 
BY THIS TREATMENT. 
 
DO NOT APPLY BY AIR. 
 
For weed control in Roundup Ready sugar beets apply 0.83 – 1.67 2.30 L/ha of Roundup 
WeatherMAX With Transorb 2 Technology Liquid Herbicide to emerged weeds. Refer to 
“Annual Weed Control” and “Perennial Weed Control” (Sections 7.1 and 8.1, 
respectively) for a listing of weeds controlled. 
 
Apply Roundup WeatherMAX With Transorb 2 Technology Liquid Herbicide to 
emerged weeds up to 15 cm in height. 
 
Up to four applications of Roundup WeatherMAX With Transorb 2 Technology Liquid 
Herbicide may be applied to Roundup Ready sugar beets. Allow a minimum of 10 days 
between applications.  
 
Do not exceed a total maximum quantity of 7.31 L/ha of this product per season  
  (Maxium e.g. 1 the first application of up to  2.30 L/ha plus 3 applications of up to 
1.67 L/ha).  
 


Commented [h3]: Proposed application rate increase 


Commented [h4]: Proposed application rate increase 
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Do not harvest Roundup Ready sugar beets within 30 days after the final application of 
Roundup WeatherMAX With Transorb 2 Technology Liquid Herbicide. 
 
 
7.11 AERIAL APPLICATION FOR WEED CONTROL IN TRUFLEX 


ROUNDUP READY CANOLA, ROUNDUP READY CANOLA, CORN 
VARIETIES WITH ROUNDUP READY 2 TECHNOLOGY , ROUNDUP 
READY2 YIELD SOYBEANS, ROUNDUP READY SOYBEANS AND 
ROUNDUP READY SUGAR BEETS– WET FIELD CONDITIONS ONLY 


 
Refer to the general guidelines for aerial application in Sections 5.2 and 5.3 as well as 
specific instructions in this section. 
 


RESTRICTED USES 
 


FOR USE IN THE PRAIRIE PROVINCES ONLY  
(including PEACE RIVER REGION OF B.C.) 


 
NATURE OF RESTRICTION :  This product is to be used only in the manner 
authorized.  For use only by aerial applicators and aerial application services approved by 
the provincial regulatory agency to apply this product with aerial application equipment.  
To qualify for consideration of provincial approval, the following requirements must be 
demonstrated to the provincial regulatory agency: 
 
1. Aircraft used in the application of this product must have been configured and 
calibrated to acceptable standards at a recognized calibration (patternation) clinic within 
20 months of the date of application.  The spray system must not have been subjected to 
major changes (new nozzles, booms or configurations) since the calibration, and must 
meet critical drift management standards e.g. maximum boom width 65% of wing span; 
nozzle type, size and orientation to minimize drift and deliver droplet size VMD in the 
coarse (400 – 600 microns) or very coarse (600 – 1000 microns) range. 
 
2. Aircraft used in the application of this product must carry a minimum of $25,000 
drift insurance in addition to any provincial requirements for general comprehensive 
insurance coverage. 
 
3. Applicators using this product must have successfully completed a ROUNDUP 
herbicide aerial application training course provided by Monsanto Canada Inc. 
 
4. Aerial application services applying this product must employ on staff at least one 
pilot applicator with at least 250 hours of actual aerial application time and a minimum of 
100 hours within the last 24 month period.  All pilots who do not meet the minimum 
experience standard must work under the direct daily supervision of a qualified pilot. 
 
This product may be applied with aerial equipment only if ground equipment cannot be used 
due to flooded field conditions. 
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Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide may be applied 
with aerial application equipment for control of certain annual grass and broadleaf weeds 
and the suppression or season long control of certain perennial weeds.   
 
EXTREME CARE MUST BE TAKEN WHEN APPLYING THIS PRODUCT TO 
PREVENT INJURY TO DESIRABLE PLANTS AND CROPS. 
 
NOTICE TO USER:  This pest control product is to be used only in accordance with the 
directions on the label. It is an offence under the Pest Control Products Act to use this 
product in a way that is inconsistent with the directions on the label. The user assumes 
the risk to persons or property that arises from any such use of this product. 
 
Directions for use 
 
THIS USE IS LIMITED TO SITUATIONS WHERE FIELD CONDITIONS ARE 
EXTREMELY WET SUCH THAT GROUND SPRAYERS (TRACTOR & FIELD 
SPRAYER, HIGH CLEARANCE SPRAYERS OR ANY KIND OF GROUND 
SPRAYER) CANNOT TRAVEL ACROSS THE FIELD TO MAKE EFFECTIVE 
WEED CONTROL APPLICATIONS. 
 
DO NOT TANK MIX ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE WITH ANY OTHER PRODUCT WHEN 
APPLIED BY AERIAL APPLICATION.  
 
Apply only by fixed-wing or rotary aircraft which has been functionally and operationally 
calibrated for the atmospheric conditions of the area and the application rates and 
conditions of this label. Ensure that the maximum boom width does not exceed 65% of 
the wing span.  Nozzle type, size and orientation must be configured to deliver a droplet 
size VMD in the coarse (400-600 microns) or very coarse (600-1000) range. 
 
Label rates, conditions and precautions are product specific. Read and understand the 
entire label before opening this product. Apply only at the rate(s) recommended for aerial 
application on this label. Where no rate for aerial application appears for the specific use, 
this product cannot be applied by any type of aerial equipment. 
 
Ensure uniform application. To avoid streaked, uneven or overlapped application, use 
appropriate marking devices, or equivalent electronic positioning systems (GPS). The use 
of spotter planes is recommended. 
 
Thoroughly wash aircraft, especially landing gear, after each day of spraying to remove 
residues of this product accumulated during spraying or from spills.  PROLONGED 
EXPOSURE OF THIS PRODUCT TO UNCOATED STEEL SURFACES MAY 
RESULT IN CORROSION AND POSSIBLE FAILURE OF THE PART.  
LANDING GEAR IS MOST SUSCEPTIBLE.   The maintenance of an organic coating 
(paint) which meets aerospace specification MIL-C-38412 may prevent corrosion. 
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Use Precautions 
Use only when meteorological conditions at the treatment site allow for complete and 
even target coverage. Apply only under conditions of good practice specific to aerial 
application as outlined in the National Aerial Pesticide Application Manual, developed 
by the Federal/Provincial/Territorial Committee on Pest Management and Pesticides. 
 
Do not apply to any body of water. Avoid drifting of spray onto any body of water or 
other non-target areas. Specified buffer zones should be observed. 
 
Do not angle nozzles forward into the airstream and do not increase spray volume by 
increasing nozzle pressure. 
 
Operator Precautions 
Do not allow the pilot to mix chemicals to be loaded onto the aircraft. Loading of 
premixed chemicals with a closed system is permitted. 
 
It is desirable that the pilot have communication capabilities at each treatment site at the 
time of application. 
 
The field crew and the mixer/loaders must wear chemical resistant gloves, coveralls and 
goggles or face shield during mixing/loading, cleanup and repair. Follow the more 
stringent label precautions in cases where the operator precautions exceed generic label 
recommendations on the existing ground boom label. 
 
All personnel on the job site must wash hands and face thoroughly before eating and 
drinking. Protective clothing, aircraft cockpit and vehicle cabs must be decontaminated 
regularly. 
 
Product Specific Precautions 
Read and understand the entire label before opening this product. If you have questions, 
call the Monsanto Canada Custom Care Line at 1-800-667-4944 or obtain technical 
advice from the distributor or your provincial agricultural representative.  
 
Application of this product must meet and/or conform to the following: 
 
Volume: Apply the recommended rate in a minimum spray volume 30-100 litres per 
hectare. 
 
Buffer Zones: Refer to Section 5.3 for required buffer zones. 
 
7.11.1 AERIAL APPLICATION FOR WEED CONTROL IN TRUFLEX 


ROUNDUP READY  CANOLA – WET FIELD CONDITIONS ONLY  
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WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE TO TRUFLEX ROUNDUP READY  
CANOLA VARIETIES ONLY. 
 
NOTE: ALWAYS USE PEDIGREED (I.E., CERTIFIED) TRUFLEX ROUNDUP 
READY  CANOLA SEED.  CANOLA NOT DESIGNATED AS TRUFLEX 
ROUNDUP READY   WILL BE DAMAGED OR DESTROYED BY THIS 
TREATMENT. 
 
Apply 0.55 – 3.33 L/ha of Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide from the 0 to 6 leaf stage of the crop. Repeat applications may be required if a 
second flush of weeds germinates prior to canopy closure. For sequential applications, a 
maximum of 1.67 L/ha may be applied twice up to the first flower stage. Ensure the crop 
has not advanced beyond the recommended growth stage. A total maximum of 3.33 L/ha 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide allowed for 
postemergence use. Refer to Section 7.5 for weeds controlled and application rates. 
 
DO NOT apply tank mixtures of Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide with any other product by aerial application. 
 


 
7.11.2 AERIAL APPLICATION FOR WEED CONTROL IN ROUNDUP READY 


CANOLA  – WET FIELD CONDITIONS ONLY 
 
WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE ON ROUNDUP READY CANOLA 
VARIETIES ONLY. 
 
NOTE: ALWAYS USE PEDIGREED (I.E., CERTIFIED) ROUNDUP READY 
CANOLA SEED.  CANOLA WHICH IS NOT DESIGNATED AS ROUNDUP 
READY WILL BE DAMAGED OR DESTROYED BY THIS TREATMENT. 
 
Some short-term, visual yellowing may occur when Roundup WeatherMAX with 
Transorb II Technology Liquid Herbicide is applied at the late application (4 to 6 leaf 
stage) of the crop.  This effect is temporary and will not influence crop growth, maturity 
or yield. 
 
Apply 0.55 – 1.27 L/ha of Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide at the 0 to 6 leaf stage of the crop. Repeat applications may be required if a 
second flush of weeds germinates prior to canopy closure. For sequential applications, 
ensure the crop has not advanced beyond the recommended growth stage. A total 
maximum of 1.66 L/ha Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide allowed for postemergence use. Refer to Section 7.5 for weeds controlled and 
application rates. 
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DO NOT apply tank mixtures of Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide with any other product by aerial application. 
 
7.11.3 AERIAL APPLICATION FOR WEED CONTROL IN ROUNDUP 


READY2 YIELD SOYBEANS AND ROUNDUP READY SOYBEANS  – 
WET FIELD CONDITIONS ONLY 


 
WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRANSORB II 
TECHNOLOGY LIQUID HERBICIDE ON ROUNDUP READY2 YIELD 
SOYBEANS AND ROUNDUP READY SOYBEAN VARIETIES ONLY. 
 
NOTE: ALWAYS USE PEDIGREED (I.E., CERTIFIED) SOYBEAN SEED 
DESIGNATED AS ROUNDUP READY.  SOYBEANS WHICH ARE NOT 
DESIGNATED AS ROUNDUP READY WILL BE DAMAGED OR DESTROYED 
BY THIS TREATMENT. 
 
Apply 1.67 L/ha of Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide from the first trifoliate leaf stage through flowering stage of the crop. Repeat 
application may be required for late weed flushes emerging after the initial treatment. 
Any second application must be applied no later than the flowering stage of the soybean.. 
A total maximum of 3.34 L/ha Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide Maximum is allowed for postemergence use. Refer to Section 7.6 for 
weeds controlled and application rates. 
 
DO NOT apply tank mixtures of Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide with any other product by aerial application. 
 
7.11.4 AERIAL APPLICATION FOR WEED CONTROL IN CORN VARIETIES 


WITH ROUNDUP READY 2 TECHNOLOGY  – WET FIELD 
CONDITIONS ONLY 


 
WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRANSORB II 
TECHNOLOGY LIQUID HERBICIDE ON CORN VARIETIES WITH 
ROUNDUP READY 2 TECHNOLOGY 
 
NOTE:  ALWAYS USE PEDIGREED (I.E., CERTIFIED) CORN SEED 
DESIGNATED AS ROUNDUP READY.  CORN WHICH IS NOT DESIGNATED 
AS ROUNDUP READY MAY BE DAMAGED OR DESTROYED BY THIS 
TREATMENT. 
 
Apply 1.67 L/ha of Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide up to and including the 8 leaf stage of corn. Repeat application may be 
required for late weed flushes emerging after the initial treatment. Any second 
application must be applied no later than the 8 leaf stage of corn. A total maximum of 
3.34 L/ha Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide is 
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allowed for postemergence use. Refer to Section 7.7 for weeds controlled and application 
rates. 
 
DO NOT apply tank mixtures of Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide with any other product by aerial application. 
 
7.11.5 WEED CONTROL IN ROUNDUP READY SUGAR BEETS – WET FIELD 


CONDITIONS ONLY 
 
WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRQNSORB 2 
TECHNOLOGY LIQUID HERBICIDE ON ROUNDUP READY SUGAR BEET 
VARIETIES ONLY. 
 
NOTE: ALWAYS USE PEDIGREED (CERTIFIED) SUGAR BEET SEED 
DESIGNATED AS ROUNDUP READY.  SUGAR BEET WHICH ARE NOT 
DESIGNATED AS ROUNDUP READY WILL BE DAMAGED OR DESTROYED 
BY THIS TREATMENT. 
 
Apply 0.83-1.67 L/ha of Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide . A single repeat application may be required for late weed flushes emerging 
after the initial treatment. Allow a minimum of 10 days between applications. A total 
maximum of 3.34 L/ha Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide is allowed for postemergence use. Refer to Section 7.8 for additional 
information.  
 
Do not harvest glyphosate tolerant sugar beets (i.e. varieties with the Roundup Ready® 
gene) within 30 days after the final application of Roundup WeatherMAX With Transorb 
2 Technology Liquid Herbicide. 


 
 
 
7.12 WEED CONTROL IN ROUNDUP READY ALFALFA VARIETIES (DO 
NOT APPLY TO ALFALFA GROWN FOR SEED PRODUCTION) 
 
WARNING:  APPLY ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE TO ROUNDUP READY ALFALFA 
VARIETIES ONLY.  
 
NOTE: ALWAYS USE PEDIGREED (I.E. CERTIFIED) ALFALFA SEED 
DESIGNATED AS ROUNDUP READY.  ALFALFA SEED WHICH IS NOT 
DESIGNATED AS ROUNDUP READY WILL BE DAMAGED OR DESTROYED 
BY THIS TREATMENT. 
 
ROUNDUP READY ALFALFA VARIETIES ARE TOLERANT OF 
GLYPHOSATE, THE ACTIVE INGREDIENT IN ROUNDUP WEATHERMAX 
WITH TRANSORB 2 TECHNOLOGY LIQUID HERBICIDE.   
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DO NOT APPLY BY AIR. 
Applications can be made from emergence until 5 days prior to cutting.  
A sequential treatment may be applied to Roundup Ready alfalfa varieties for control of 
late weed flushes. 
Allow a minimum of 5 days between application and cutting of alfalfa.   
Additional applications of this product should be at least 25 days apart.   
Total number of in-crop applications not to exceed 3 per growing season. 
 
New Stand Establishment (Seedling Year):  Due to the biology and breeding 
constraints of alfalfa, up to 10 percent of the seedlings may not contain a Roundup Ready 
gene and will not survive or thrive after the first application of this product. To limit the 
undesirable effects of stand gaps created by the loss of alfalfa plants not containing a 
Roundup Ready gene, an application of this product should be applied at or before the 4 
trifoliate leaf stage of alfalfa during the establishment (seedling) year. 
 
Note:  Where Roundup Ready alfalfa is grown with a companion or cover crop, or is 
overseeded with a second species, in-crop (over-the-top) applications of this product will 
eliminate the non-Roundup Ready (non-glyphosate tolerant) species. 
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WEED CONTROL IN ROUNDUP READY  ALFALFA VARIETIES 


RATE  
(L/ha) 


GROWTH 
STAGE 


OF CROP 


WEEDS CONTROLLED  COMMENTS  
(Apply in 50 –100 L/ha 


water) 
1.67 single 
application 


Emergence 
until 5 days 
prior to 
cutting 


Annual Grasses 
Wild oats, green foxtail, volunteer barley, 
volunteer wheat, barnyard grass, giant and 
yellow foxtail, fall Panicum, wild proso millet, 
smooth and large crabgrass 
 
Annual Broadleaves 
Stinkweed, redroot pigweed, wild mustard, 
Russian thistle, lamb’s-quarters, non-Roundup 
Ready volunteer canola (rapeseed), hempnettle, 
lady’s-thumb, kochia, chickweed, corn spurry, 
wild tomato, cleavers, wild buckwheat, 
shepherd’s purse, cow cockle, night-flowering 
catchfly, smartweed, stork’s-bill, flixweed, 
narrow-leaved hawk’s beard, smooth pigweed, 
cocklebur, Eastern black nightshade, 
velvetleaf, biennial wormwood1. 
 
Perennials (season-long control) 
Quackgrass, Canada thistle, and perennial sow 
thistle, foxtail barley, dandelion. 


All weeds should be actively 
growing at time of 
application. 
 


1Biennial wormwood should 
be at 2-8 leaf stage. 


3.33 single 
application 


Emergence 
until 5 days 
prior to 
cutting 


All the above weeds plus: 
Annual Broadleaves 
Round-leaved mallow 
Perennials (season-long control): 
Foxtail barley2, dandelion2, common 
milkweed3, field bindweed, yellow nutsedge4, 
horsenettle5, tall waterhemp6, bur cucumber7 


23.33 L/ha rate is for large, 
more established plants, 
heavy infestation or if plants 
are stressed. 
  


3Common milkweed should 
be 15-60 cm in height. 
 
4Yellow nutsedge should be 
5-15 cm in height. 
 
5Horse-nettle from the 2 to 
12 leaf stage). 
 
6Tall waterhemp up to and 
including the 18-leaf stage. 
 


7Bur cucumber from the 1-18 
leaf stage. 
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7.13  HYBRID CORN SEED PRODUCTION USING THE RHS® SYSTEM WITH 
         ROUNDUP READY 2 TECHNOLOGY 
 
DO NOT APPLY BY AIR 
 
The RHS designation indicates that the corn contains technology that allows for tassel-
only susceptibility to this product.  Use of this product on corn hybrids or inbreds that are 
not designated as RHS or as corn containing Roundup Ready® 2 Technology may result 
in severe crop injury and yield loss.  
 
Tassel Control 
This product may be used as an over-the-top broadcast application for tassel control in 
RHS corn inbred recipient lines in seed production fields planted with corn containing 
Roundup Ready 2 Technology as the pollen donor. 


 
USE INSTRUCTIONS: This product may be applied for tassel control up from the 8 to 
the 13 leaf stage before flowering at use rates from 1.67 to 2.34 L/ha per application. Up 
to two applications for tassel control are permitted. 
 
Weed Control 
Refer Only to Section:  7.8  WEED CONTROL IN CORN VARIETIES WITH 
ROUNDUP READY 2 TECHNOLOGY 
Tank mixes: See section 7.8.1 TANK MIXTURES for use rates, timings and restrictions. 
Note that only those tank mixtures for which the tank mixture partner herbicide products 
are registered for use on seed (inbred) corn may be used for weed control on RHS corn 
inbred recipient lines and corn inbred donor lines containing Roundup Ready 2 
Technology. 
 
 
8.0 PERENNIAL WEED CONTROL 
 
ALWAYS READ PRECAUTIONS, GENERAL INFORMATION AND MIXING 
AND APPLICATION SECTIONS (3.0, 4.0 AND 5.0) PRIOR TO SPECIFIC 
APPLICATION INFORMATION IN ANY LABEL SECTION. DO NOT APPLY 
BY AIR. 
 
When applied as recommended under the conditions described, this product will control 
the perennial weeds listed in the following table. 
 
8.1 PERENNIAL WEED CONTROL WITH ROUNDUP WEATHERMAX 


WITH TRANSORB 2 TECHNOLOGY LIQUID HERBICIDE 
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 APPLICATION  
WEED GROWTH 


STAGE 
RATE 
(L/ha) 


WATER 
VOLUME  


(L/ha) 


COMMENTS 


Quackgrass 
(control, light 
to moderate 
infestations) 


3 to 4 green 
leaves or more 


1.67 50 - 300 • Apply in clean water using 
flat fan nozzles. 
• Allow 3 or more days after 
treatment before tillage. 
• Refer to “Quackgrass” 
notes in section 8.2.1 for more 
information. 
• For higher volumes (i.e., 
150 – 300 L/ha) an approved 
surfactant must be added at 
0.5 L per 100 L of clean water 
(0.5% v/v).  Refer to list in 
section 8.2.2.  See also below. 


Quackgrass 
(long term 
control, heavy 
infestations, 
high water 
volumes) 


3 to 4 green 
leaves or more 


1.67 – 
4.67 


50 - 300 • Allow 3 or more days after 
treatment before tillage. 
• Rates higher than 1.67 L/ha 
will provide more consistent, 
longer term control, especially 
with heavier infestations 
and/or higher water volumes 
(i.e., 150 – 300 L/ha). 
• Refer to “Quackgrass” 
notes in section 8.2.1 for more 
information. 


Canada 
Thistle 


Rosette stage 
(summerfallow) 


1.67 50 - 100 • Apply in clean water using 
flat fan nozzles. 
• Allow 10 or more days after 
treatment before tillage. 
• Refer to “Canada Thistle” 
notes in section 8.2.3 for more 
information. 


Canada 
Thistle 


Bud stage or 
beyond 


3.17 – 
4.67 


100 - 300 • Allow 5 or more days after 
treatment before tillage. 


Field 
Bindweed 


Full bloom or 
beyond 


4.67 - 
8 


100 - 300 • Allow 7 or more days after 
treatment before tillage. 
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 APPLICATION  
WEED GROWTH 


STAGE 
RATE 
(L/ha) 


WATER 
VOLUME  


(L/ha) 


COMMENTS 


Common 
Milkweed* 


Bud to full 
bloom 
(preharvest) 
 
Bud to full 
bloom 


1.67 
 
 
 
8 
 


50 – 100 
 
 
 
100 - 300 


• See “Preharvest 
Treatment” (section 9.9) for 
more information. 
• Allow 7 or more days after 
treatment before tillage. 
• Reduced control may occur 
after full bloom. 
• Milkweed may not all be in 
the correct stage, therefore, 
repeat treatments may be 
required. 


Toadflax Vegetative 
Stage 
(summerfallow) 
 
Bud to full 
bloom 
(preharvest) 


1.67 50 - 100 • Apply in clean water using 
flat fan nozzles. 
• Allow 7 or more days after 
treatment before tillage in 
summerfallow. 
• For more information, see 
“Toadflax Control” (section 
8.2.4), or “Preharvest 
Treatment” (Section 9.9). 


Alfalfa Early bud to 
full bloom 
stage 
 
Fall 
applications 
only 


2.47 – 
3.33 


50 - 300 • Allow 5 or more days after 
treatment before tillage.  Use 
the higher rates when alfalfa 
populations are high or when 
heavy grass infestations are 
also present. 
• For spring applications and 
control in minimum tillage 
systems using a 2,4-D tank 
mix, see section 8.2.6. 
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 APPLICATION  
WEED GROWTH 


STAGE 
RATE 
(L/ha) 


WATER 
VOLUME  


(L/ha) 


COMMENTS 


Dandelion < 15 cm 
 
> 15 cm 
 
 
Rosette to full 
bloom 
(preharvest) 


1.67 
 
2.47 – 
3.33 
 
1.67 


50 – 100 
 
50 – 300 
 
 
50 - 100 


• Allow 3 or more days after 
treatment before tillage for all 
rates. 
• Use the higher rate when 
infestations are heavy. 
• Refer to “Dandelion” notes 
in section 8.2.5 for more 
information. 
• Allow 7 or more days after 
treatment before tillage.  For 
more information, see 
“Preharvest Treatment” 
(section 9.9). 


Foxtail Barley Seeding to 
heading 


1.67 – 
3.33 


50 - 100 • Allow a minimum of 1 day 
after treatment before tillage 
or seeding. 
• Use higher rates for larger, 
more established plants, heavy 
infestations or if plants are 
stressed. 


Common reed Apply when 
actively 
growing, or to 
regrowth after 
burning or 
mowing. 


2.0 – 
8.0 


100-500 • For partial control and for 
best results, treat in late 
summer or early fall when 
plants are actively growing 
and in full bloom Treatment 
before or after this stage may 
lead to reduced control.  Due 
to the dense nature of the 
vegetation, which may 
prevent good spray coverage 
or uneven stages of growth, 
repeat treatments may be 
necessary to maintain control.  
Visual control symptoms will 
be slow to develop. 
• For higher volumes (i.e, 
150–300 L/ha) an approved 
surfactant should be added at 
0.5 L per 100 L of clean water 
(0.5% v/v).   
• DO NOT TREAT PLANTS 
OVER OPEN WATER.  
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 APPLICATION  
WEED GROWTH 


STAGE 
RATE 
(L/ha) 


WATER 
VOLUME  


(L/ha) 


COMMENTS 


Roundup WeatherMAX with 
Transorb 2 Technology 
Liquid Herbicide is not 
registered for direct 
application to bodies of water. 


Other 
Perennials 
(see listing 
section 6.2) 


Early heading 
or early bud 
stage 


4.67 - 
8 


100 - 300 • Allow 7 or more days after 
treatment before tillage. 


 
*NOTE: For spot treatment, mix 80 millilitres of product in 5 litres clean water per 100 
m2 (1.67 – 8 litres per hectare is approximately equivalent to 17 – 80 mL/100m2, 
respectively). 
 
8.2 SPECIAL NOTES FOR PERENNIAL WEED CONTROL 
 
8.2.1 QUACKGRASS 
 
For season-long control on fall tilled ground:  Apply 1.67 litres per hectare of this 
product in spring prior to seeding.  Apply in 50 to 100 litres per hectare of clean water as 
described in the preceding table.  Delay application until the majority of quackgass plants 
have 4 to 5 green leaves.  This stage usually occurs 1 to 4 weeks later on fall tilled ground 
than on undisturbed ground.  Reduced control may result on ground tilled deeper than 15 
centimetres. 
 
 
 
NOTE:   This treatment will provide season-long control of quackgrass on fall tilled 
ground.  Reduced control will be experienced versus this product on non-fall tilled 
ground.  Repeat treatments may be necessary. 
 
Applications on forages should be followed by tillage 3 days or later and should be 
made when good growing conditions exist. 
 
If a frost has occurred, wait several days to determine if the quackgrass has recovered.  
Quackgrass can be treated after a mild frost provided there are 3 to 4 green leaves 
actively growing at the time of application.  Do not apply after the first damaging frost in 
the fall. 
 
8.2.2 SURFACTANT INFORMATION 
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The following is a list of approved surfactants for use with Roundup WeatherMAX with 
Transorb 2 Technology Liquid Herbicide for control of quackgrass: 
 
Agral 90  Companion   
Ag Surf   
 
Always refer to surfactant label for specific instructions regarding use of that 
product. 
 
 
8.2.3 CANADA THISTLE 
 
Control of Canada Thistle at the rosette stage:  to ensure the proper timing of 
application the following steps must be followed: 
 
1. Conduct summerfallow tillage as usual and perform the last tillage operation 


between July 15th and August 1st. 
 
2. Allow the thistles to regrow for a minimum of 5 weeks until they are a minimum 


of 15 centimetres in diameter and in the rosette stage of growth. 
 
NOTE:  Canada thistle can be treated after a mild frost provided the leaves are still 
green and actively growing at the time of application.  Do not apply after the first 
damaging frost in the fall. 
 
 
 
 
 
 
 
ROUNDUP WEATHERMAX WITH TRANSORB 2 TECHNOLOGY LIQUID 
HERBICIDE PLUS BANVEL II TANK MIXTURES 
 
For control of Canada thistle (and perennial sow thistle) in summerfallow or in 
postharvest stubble, apply 1.13 litres per hectare Roundup WeatherMAX with Transorb 2 
Technology Liquid Herbicide plus 1.25 litres per hectare Banvel II in 100 – 200 litres per  
hectare of clean water.  In addition, add 350 millilitres per hectare of a non-ionic 
surfactant registered for use with this product, such as Agral 90, Ag-Surf or Companion. 
 
For best results in summerfallow, cultivate in the spring and apply when the majority of 
thistles are 15 centimetres to 25 centimetres tall and before the bud stage.  Cultivate 3 
weeks after application. 
 
In postharvest stubble, apply this tank mixture to actively growing thistles at least 2 
weeks prior to a damaging frost. 
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NOTE:   Grow only cereals, canola (including rapeseed), soybeans, field corn, sweet 
corn, or white beans after application of this tank mixture. 
 
If application is made after September 1st, or if soil moisture levels are extremely low 
after application, crop injury may occur in the spring following application. 
 
8.2.4 TOADFLAX 
 
Control of Toadflax in a Summerfallow Vegetative Stage 
 
To ensure the proper timing of application, the following steps must be followed: 
 
1. Conduct summerfallow tillage as usual and perform the last tillage operation 


between July 10th to July 21st. 
 
2. Allow toadflax to regrow for a minimum of 4 to 5 weeks until they are minimum 


of 15 centimetres tall and at a lush green vegetative stage. 
 
NOTE:   Toadflax can be treated after a mild frost provided the leaves are still green and 
actively growing at the time of application.  Do not apply after the first damaging frost. 
 
8.2.5 DANDELION 
 
Applications should be made up to and including bloom for best results.  Follow-up 
control measures should be used to manage new dandelions germinating from seed to 
maintain control throughout the season. 
 
 
 
 
8.2.6 ALFALFA CONTROL WITH 2,4-D TANK MIX 
 
The addition of 2,4-D may improve alfalfa control in situations where control may be 
more difficult to obtain, such as in minimum tillage systems where populations are 
heavy, and with spring applications. 
 
For fall control of established stands of alfalfa, apply 1.67 to 3.33 litres per hectare 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide and 1.2 to 2.4 
litres per hectare of any 500 grams per litre 2,4-D amine or low volatile ester formulation 
in 100 to 200 litres of water per hectare.  (Adjust product rates accordingly for other 2,4-
D formulations). 
 
For spring applications, use only the low rate of 2,4-D (i.e., 1.2 litres per hectare) and 
1.67 to 3.33 litres per hectare Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide.  Only cereal crops not underseeded to legumes may be planted 
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following spring applications of this tank mix, and a 14 day interval between application 
and planting is required. 
 
Use the higher Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide 
rates when perennial grasses are prevalent. 
 
8.2.6.1  REMOVAL OF ROUNDUP READY ALFALFA – TANK MIXES 
 
*TANK MIXES – REFER TO THE RESPECTIVE PRODUCT LABELS WHEN TANK 
MIXING FOR USE RATES, CAUTIONS/WARNINGS, MIXING INSTRUCTIONS, 
RE-CROPPING RECOMMENDATIONS AND OTHER DETAILS.  
 
The addition of a tank-mix partner is required to remove a stand of Roundup Ready 
alfalfa.  Herbicide applications should be made in the fall when the Roundup Ready 
Alfalfa is at the bud stage of growth.  Tillage at 2-3 weeks following herbicide 
application can improve control and consistency under stressed conditions (drought, frost, 
cold temperatures). 
 
Use the following products and rates to control Roundup Ready alfalfa plus annual and 
perennial weeds (See Sections 7.1 and 8.1).   
- Mix with water to achieve a total applied volume of 100 L/ha.  
- Apply to Roundup Ready alfalfa in the pre-bud to start of flowering stage.   


-  Best control achieved when the majority of plants are in the bud stage of 
development 


 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide at 1.67-3.34 
L/ha  plus only one of the following Tank Mix Products: 
2,4-D* Herbicide at 1.52 L/ha or:  
Banvel II Herbicide at 1.25 L/ha or:  
Lontrel 360 Herbicide at 0.56-0.83 L/ha or:  
2,4-D* Herbicide at 1.05 L/ha + Banvel II Herbicide at 1.25 L/ha or:  
2,4-D* Herbicide at 1.05 L/ha + Lontrel 360 Herbicide at 0.42 L/ha or:  
Curtail M Herbicide at 2.0 - 3.0 L/ha 
*rate for a 564 g ae/L formulation of 2,4-D.  Adjust rates for other formulations.  
Includes both amine and ester formulations. 
 
8.2.7 ALL PERENNIAL WEEDS 
 
Weed Stages:  Weeds must be at the proper stage for effective control. Refer to 
“Perennial Weed Control with Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide ” (section 8.1). 
 
Nozzle Type:  For best results with conventional boom equipment apply this product 
with 50 to 300 litres per hectare of clean water using flat fan nozzles and no more 
pressure than 275 kPa. 
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Rhizome Dormancy: Reduced control may result if rhizomes have become dormant.  
Dormancy may occur if soil fertility is low and/or the land has not been tilled for several 
years. 
 
Mowing Effects: Mowing prior to application will reduce effectiveness unless weeds are 
allowed to regrow to the proper stage before application. 
 
Tillage Effects:  Fall or spring tillage prior to spring applications and tillage between 
harvesting and fall applications will reduce the effectiveness on perennial weeds.  
Follow-up tillage after application should be delayed 5 to 7 days for best results.  See 
“Weed Control” tables (sections 7.1 and 8.1) for specific tillage interval for each weed. 
 
Rainfall Effects: Heavy rainfall immediately after application may wash the chemical off 
the foliage and a repeat treatment may be required.  Do not apply if rainfall is forecast for 
the time of application. 
 
Regrowth from Germinating Seeds:  This product only controls emerged plants.  
Repeat treatments or other weed control measures may be required to control weeds 
regenerating from seeds or other underground parts. 
 
Frost Effects: Heavy frosts prior to application may reduce control.  Do not apply after 
the first damaging frost in the fall. 
 
 
9.0 CROPLAND SITUATIONS 
 
ALWAYS READ PRECAUTIONS, GENERAL INFORMATION AND MIXING 
AND APPLICATION SECTIONS (3.0, 4.0 and 5.0) PRIOR TO SPECIFIC 
APPLICATION INFORMATION IN ANY LABEL SECTION. DO NOT APPLY 
BY AIR EXCEPT FOR PREHARVEST AERIAL APPLICATION (SECTION 
9.9.2).   
 
DO NOT APPLY BY AIR UNLESS SPECIFIED ON THIS LABEL 
 
This product can be applied as a broadcast spray or spot treatment prior to planting all 
crops, postharvest to annual crops, preharvest in wheat, barley, oats, canola (rapeseed), 
flax (including low linolenic acid varieties), lentils, peas, soybeans, dry beans and 
forages, and in summerfallow.  It may also be applied as a broadcast spray in Roundup 
Ready® corn 2, soybeans or canola (sections 7.5, 7.6 and 7.7).   It may be applied as a 
directed spray in orchards, vineyards, blueberries and strawberries, and using selective 
equipment in soy and dry beans, orchards, vineyards, cranberries and strawberries (refer 
to specific sections below for more information).  For specific instructions on weed 
control in the following cropping situations, always refer to “Annual and Perennial 
Weed Control” (sections 7.0 and 8.0) for more information. 
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9.1 PRIOR TO PLANTING – ALL CROPS 
 
This product may be applied prior to planting all crops for control of emerged weeds 
listed on this label.  Ensure weeds are at the desired stage at the time of application.  This 
product does not provide preemergent weed control and newly germinating weeds may 
be a problem in the crop.  APPLY BEFORE SEEDING OR TRANSPLANTING. 
 
9.1.1  PRIOR TO PLANTING – TANK MIXES* - SOYBEANS 
 
*TANK MIXES – REFER TO THE RESPECTIVE PRODUCT LABELS WHEN 
TANK MIXING FOR USE RATES, CAUTIONS/WARNINGS, MIXING 
INSTRUCTIONS, RE-CROPPING RECOMMENDATIONS AND OTHER 
DETAILS.   
 


WHERE TANK MIX PARTNER LABELS REFER ONLY TO OLDER (360 G/L) 
GLY PHOSATE PRODUCTS, E.G. ROUNDUP ORIGINAL OR ROUNDUP 
TRANSORB, ENSURE THAT THE LABEL RATE IS ADJUSTED TO 
COMPENSATE FOR THIS MORE CONCENTRATED PRODUCT. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Pursuit 
Herbicide 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Pursuit 
Herbicide can be applied prior to or after seeding, but before crop emergence. Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide will control emerged weeds 
listed on this label when applied as directed (refer to Annual and Perennial Weed control 
sections in the Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide 
product label). Pursuit Herbicide will control weeds germinating from seed.   
 
ONLY SOYBEANS, WHITE BEANS, KIDNEY BEANS, PROCESSING PEAS, 
FIELD CORN, SPRING BARLEY, SPRING WHEAT AND WINTER WHEAT MAY 
BE PLANTED THE SEASON FOLLOWING A PURSUIT APPLICATION. WINTER 
WHEAT MAY BE PLANTED THE SAME YEAR AS A PURSUIT APPLICATION 
TO SOYBEANS, BUT NOT EARLIER THAN 100 DAYS AFTER THE 
APPLICATION.  
 
DO NOT APPLY AFTER CROP EMERGENCE 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
metribuzin (Sencor 75 DF Herbicide, Sencor 500F Flowable Herbicide, Sencor 480F 
Flowable Herbicide, Sencor Soybean Flowable Herbicide, or Lexone DF Herbicide) 
 
For burndown and residual control of selected annual weeds taller than 4 cm in soybeans, 
apply Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide in tank mix 
with Sencor 75 DF Herbicide, Sencor 500F Flowable Herbicide, Sencor 480F Flowable 
Herbicide, Sencor 480 Soybean Flowable Herbicide or Lexone DF Herbicide as a 
preplant surface or pre-emergence application before crop emergence. 
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Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Dual 
Magnum Herbicide or Dual II Magnum Herbicide 
 
For burndown and residual control of selected annual weeds in soybeans.   
Apply Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide in tank mix 
with Dual Magnum Herbicide or Dual II Magnum Herbicide at 1.15– 1.75 L/ha as a 
preplant surface (up to 30 days before planting) or pre-emergence application before crop 
emergence.   
 
Perennial weeds such as quack grass may not be controlled with lower rates of Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide. Use higher rates of 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide if perennial weeds 
are present.   
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Dual 
Magnum Herbicide or Dual II Magnum Herbicide plus metribuzin (Sencor 75DF 
Herbicide, Sencor 500F Flowable Herbicide, Sencor 480F Flowable Herbicide, 
Sencor Soybean Flowable Herbicide or Lexone DF Herbicide) 
 
For burndown and residual control of selected annual weeds in soybeans.  
Apply as a preplant surface (up to 30 days before planting) or pre-emergence application 
before crop emergence.  Perennial weeds such as quack grass may not be controlled with 
lower rates of Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Broadstrike Dual Magnum Soybean Herbicide 
 
Broadstrike Dual Magnum Soybean Herbicide at 1.56 L/ha may be tank mixed with 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide at 1.7 L/ha for 
control of existing annual weeds and certain perennial weeds including quack grass. This 
tank mix may be applied preplant surface or pre-emergence in minimum till or no-till 
conditions. When mixing, add the Broadstrike Dual Magnum Soybean Herbicide 
component first.   
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Frontier Herbicide 
 
For burndown and residual control of selected annual weeds apply Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Frontier Herbicide 
preplant surface or pre-emergence. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus linuron 
 
For burndown and residual control of selected annual weeds apply Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide plus linuron after seeding 
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but before crop emergence. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Axiom 
DF Herbicide 
  
Preplant Surface: 
For use in conservation tillage, minimum-tillage or no-tillage crop production systems, 
when weeds are present at the time of application, apply the Axiom DF Herbicide 
treatment in tank mixture with Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide. Apply Axiom DF Herbicide in a minimum of 200 L/ha of total volume. 
 
Preemergence: 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Axiom DF 
Herbicide may be applied to the soil surface as a broadcast spray after planting of the 
crop, but prior to weed or crop emergence. 
For conservation tillage systems: Apply this tank mixture in a minimum of 200 L/ha of 
total volume. 
 
9.1.2  PRIOR TO PLANTING – TANK MIXES* - CORN 
 
*TANK MIXES – REFER TO THE RESPECTIVE PRODUCT LABELS WHEN 
TANK MIXING FOR USE RATES, CAUTIONS/WARNINGS, MIXING 
INSTRUCTIONS, RE-CROPPING RECOMMENDATIONS AND OTHER 
DETAILS .  
 
WHERE TANK MIX PARTNER LABELS REFER ONLY TO OLDER (360 G/L) 
GLYPHOSATE PRODUCTS, E.G. ROUNDUP ORIGINAL OR ROUNDUP 
TRANSORB, ENSURE THAT THE LABEL RATE IS ADJUSTED TO 
COMPENSATE FOR THIS MORE CONCENTRATED PRODUCT. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Dual 
Magnum Herbicide or Dual II Magnum Herbicide 
 
For burndown and residual control of selected annual weeds in corn. Apply Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide in tank mix with Dual 
Magnum or Dual II Magnum at 1.25 to 1.75 L/ha as a preplant surface (up to 30 days 
before planting) or pre-emergence application before crop emergence. 
NOTE: The use on corn is for EASTERN CANADA ONLY. 
 
Perennial weeds such as quack grass may not be controlled with lower rates of Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide. Use higher rates of 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide if perennial weeds 
are present. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Dual 
Magnum Herbicide or Dual II Magnum Herbicide plus Aatrex Liquid 480 
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Herbicide 
 
For burndown and residual control of selected annual weeds in corn. Apply Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide in tank mix with Dual 
Magnum Herbicide or Dual II Magnum Herbicide at 1.25 – 1.75 L/ha plus Aatrex Liquid 
480 Herbicide at 2.1 - 3.1 L/ha as a preplant surface (up to 30 days before planting) or 
pre-emergence application before crop emergence. 
NOTE: The use on corn is for EASTERN CANADA ONLY. 
 
Perennial weeds such as quack grass may not be controlled with lower rates of Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide. Use higher rates of 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide if perennial weeds 
are present. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Primextra II Magnum Herbicide 
 
For burndown and residual control of selected annual weeds in corn apply Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Primextra II Magnum 
preplant surface or pre-emergence application before crop emergence. This tank mixture 
requires the use of a surfactant, either Agral 90 or Ag-Surf. See mixing instructions for 
more information. 
 
Perennial weeds such as quack grass may not be controlled with lower rates of Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide. Use higher rates of 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide if perennial weeds 
are present. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Fieldstar Herbicide 
 
For burndown and residual control of selected annual weeds apply Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Fieldstar Herbicide as 
a preplant surface or pre-emergence application before crop emergence. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Frontier Herbicide 
 
For burndown and residual control of selected annual weeds apply Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Frontier Herbicide as a 
preplant surface or pre-emergence application before crop emergence. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Prowl 
400EC herbicide 
 
For burndown and residual control of selected annual weeds apply Roundup 
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WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Prowl herbicide after 
seeding but before crop emergence. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus linuron 
herbicide 
 
For burndown and residual control of selected annual weeds apply Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide plus linuron herbicide after 
seeding but before crop emergence. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Converge Pro Herbicide or Converge 75 WDG Herbicide 
 
Surface Preplant:  
CONVERGE 75 WDG Herbicide can be applied to the soil surface up to 14 days prior to 
planting. CONVERGE 75 WDG Herbicide must be tankmixed with atrazine when 
applied as a surface preplant application.  When weed growth is present at the time of 
application, Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide can 
be added to the Converge Pro Herbicide or Converge 75 WDG Herbicide  + atrazine 
treatment for burndown control of these weeds. Do not incorporate. 
 
Preemergence:  
Converge Pro Herbicide or Converge 75 WDG Herbicide  can also be applied after 
planting to just prior to crop emergence. Atrazine and/or Roundup WeatherMAX with 
Transorb 2 Technology Liquid Herbicide can be tank mixed with pre-emergent 
applications of Converge Pro Herbicide or Converge 75 WDG Herbicide .  
 
Apply Converge Pro Herbicide at 165-220 mL per hectare, or Converge 75 WDG 
Herbicide at 105-140 g per hectare, tankmixed with Roundup WeatherMAX with 
Transorb 2 Technology Liquid Herbicide at 1.67 L per hectare for burndown control of 
emerged weeds in all tillage management systems and improved control of established 
dandelion in zero-tillage management systems. A three-way tankmix of Converge Pro 
Herbicide or Converge 75 WDG Herbicide + atrazine + Roundup WeatherMAX with 
Transorb 2 Technology Liquid Herbicide can be used to provide residual control of the 
weeds listed in the Converge Pro Herbicide or Converge 75 WDG Herbicide  + atrazine 
section. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Axiom 
DF Herbicide  
 
Preplant Surface: 
For use in conservation tillage, minimum-tillage or no-tillage crop production systems, 
when weeds are present at the time of application, apply the Axiom DF Herbicide 
treatment in tank mixture with Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide. Apply Axiom DF Herbicide in a minimum of 200 L/ha of total volume. 
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Preemergence: 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus Axiom DF 
Herbicide may be applied to the soil surface as a broadcast spray after planting of the 
crop, but prior to weed or crop emergence. 
 
For conservation tillage systems:  
Apply this tankmix in a minimum of 200 L/ha of total volume. 
 
Sencor and Axiom are registered trademarks of Bayer. 
Lexone is a registered trademark of E.I. duPont de Nemours and Company. 
Dual, Magnum and Primextra are registered trademarks of Syngenta group company. 
Broadstrike and Fieldstar are trademarks of Dow Agrosciences LLC. 
Frontier is a registered trademark of BASF Corporation. 
 
9.1.3      PRIOR TO PLANTING – TANK MIXES* - CANOLA 
 
*TANK MIXES – REFER TO THE RESPECTIVE PRODUCT LABELS WHEN 
TANK MIXING FOR USE RATES, CAUTIONS/WARNINGS, MIXING 
INSTRUCTIONS, RE-CROPPING RECOMMENDATIONS AND OTHER 
DETAILS .  
 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
bromoxynil for preseed/preplant control of annual, perennial weeds and volunteer 
canola: 
 
Apply Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide in a tank 
mix with bromoxynil.  This tank-mix will control volunteer canola (all types) in addition 
to control of emerged weeds listed on this label when applied as directed (refer to Annual 
Weed Control Section 7.0 and Perennial Weed control Sections 8.0  prior to the planting 
of canola (all types). 
 
For control of volunteer canola apply bromoxynil at a rate of 350 g/ha (e.g., 1.25 L/ha for 
herbicides containing 280 g/L bromoxynil, 1.5 L/ha for herbicides containing 235 g/L 
bromoxynil etc.)  tank mixed with Roundup WeatherMAX with Transorb 2 Technology 
Liquid Herbicide at 0.83 -1.27 L/ha (annual weeds) or 1.67-3.33 L/ha (perennial weeds) 
prior to the planting of canola.  
 
9.2 POSTHARVEST STUBBLE TREATMENT 
 
This product may be applied in the fall as a postharvest stubble treatment for control of 
perennial weeds such as quackgrass and Canada thistle.  Allow weeds to regrow to the 
desired stage (20 to 25 centimetres tall for quackgrass and Canada thistle) before 
application and ensure they have a high proportion of green colouration.  Straw should be 
removed or evenly spread to allow for proper regrowth and spray coverage.  Heavy frosts 
prior to application may decrease control. 
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9.3 SPOT TREATMENT (IN-CROP) 
 
This product can be applied as an in-crop spot treatment in barley, corn, oats, soybeans, 
wheat, strawberry, blueberry, forage grasses and legumes including seed production.  
Applications should be made using the same rates and at the same growth stages as listed 
in the “Weed Control” tables (sections 7.1 and 8.1) or use a 0.67 percent solution for 
annual weeds and quackgrass and a 1.34 percent solution for other perennial weeds (a 
0.67 percent solution equals 0.67 litres of Roundup WeatherMAX with Transorb 2 
Technology Liquid Herbicide in 100 litres of spray solution).  0.67 and 1.34 percent 
solutions should be applied to wet, but not run-off.  Applications can be made using a 
boom sprayer, hose and handgun, or hand sprayer in accordance with instructions in  
“Application Equipment ” (section 5.2). 
 
9.3.1 Grazing Restrictions: Applications can be made up to heading of small grains, 
initial pod set on soy and dry beans, silking of corn and emergence of seed heads.  The 
crop in the treated area will be killed.  Take care to avoid drift for the same reason.  DO 
NOT APPLY IF CROP GROWTH HAS ADVANCED BEYOND SEED SET.  
ALLOW 3 TO 5 DAYS FOR ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY  LIQUID HERBICIDE TO TRANSLOCATE INTO ALL PLANT 
PARTS BEFORE GRAZING OR HARVESTING TREATED AREAS IN 
FORAGES. 
 
9.4 SUMMERFALLOW TREATMENT 
 
This product, or labeled tank mixtures, may be applied in summerfallow to control weeds 
listed on this label.  Ensure weeds are at the desired growth stage and actively growing at 
application for best results.  Reduced control may result if weeds are drought stressed.  
Weeds will continue to germinate from seed throughout the growing season.  Repeat 
treatments may be necessary to control later germinating weeds.  Refer to Section 9.13 
for aerial application use. 
 
 
9.5 MINIMUM AND ZERO TILLAGE CROPPING SYSTEMS (ALL FIELD 


CROPS, INCLUDING CEREALS, OILSEEDS, PULSES, FORAGES, 
CORN AND POTATOES) 


 
This product may be applied prior to seeding or after seeding, but before crop emergence 
for control of emerged weeds in minimum and zero tillage cropping systems for all field 
crops.  Applications made too far in advance of seeding may allow weeds to emerge 
between application and crop emergence, as this product does not provide residual weed 
control. 
 
 
Minimum and Zero Tillage Tank Mixtures 
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9.5.1 Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
2,4-D amine or ester can be applied prior to seeding or after seeding, but before crop 
emergence in wheat, winter wheat, barley and rye.  Refer to “Annual Weed Control 
with Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide Tank 
Mixtures ” table for information (section 7.2). 
 
9.5.2 Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
bromoxynil (Pardner)  can be applied prior to seeding or after seeding, but before crop 
emergence in wheat, barley and oats.  Refer to “Annual Weed Control with Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide Tank Mixtures ” table 
for information (section 7.2). 
 
9.5.3 Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Pursuit can be applied prior to, or after seeding, but before crop emergence in 
soybeans.  Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide will 
control emerged weeds listed on this label when applied as directed (refer to “Annual 
and Perennial Weed Control” section 7.0 and 8.0).  Pursuit will control weeds 
germinating from seed.  Add the recommended rates of both products in 100 litres of 
water per hectare, following the instructions on the Pursuit herbicide label. 
 
ALWAYS REFER TO THE PURSUIT LABEL FOR FURTHER INFORMATION 
ON WEEDS CONTROLLED, APPLICATION DIRECTIONS, AND USE 
PRECAUTIONS.  ONLY SOYBEANS, FIELD CORN, SPRING BARLEY, 
SPRING WHEAT AND WINTER WHEAT MAY BE PLANTED THE SEASON 
FOLLOWING A PURSUIT APPLICATION.  WINTER WHEAT MAY BE 
PLANTED THE SAME YEAR AS A PURSUIT APPLICATION TO SOYBEANS, 
BUT NOT EARLIER THAN 120 DAYS AFTER THE APPLICATION. 
 
DO NOT APPLY AFTER CROP EMERGENCE. 
 
Pursuit is a registered trademark of BASF Agrochemical Products B.V. Netherlands. 
 
9.5.4 Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
MCPA  can be applied prior to seeding in wheat, barley, rye, oats, corn (field and sweet; 
MCPA amine only), flax and field peas (MCPA amine only).  Refer to “Annual Weed 
Control with  Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide Tank Mixtures” table for information (section 7.2). 
 
9.5.5 Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Buctril M  can be applied prior to seeding in wheat, rye, corn, barley, oats, flax, 
canary seed and seedling grasses (including brome grass, crested wheatgrass, 
intermediate wheat grass, slender wheatgrass, tall wheatgrass, Russian wild rye, 
timothy, orchard grass, creeping red fescue, meadow fescue, meadow foxtail, 
seedling tall fescue, seedling meadow bromegrass, seedling streambank wheatgrass 
and reed canary grass.  Refer to “Annual Weed Control with Roundup 
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WeatherMAX with Transorb 2 Technology Liquid Herbicide Tank Mixtures” table 
for information (section 7.2). 
 
9.5.6 Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
MCPA amine can be applied prior to seeding in lentil and chickpea.  Refer to “Annual 
Weed Control with Roundup WeatherMAX with Transorb 2 Technology Liquid 
Herbicide Tank Mixtures ” table for information (section 7.2). 
 
9.5.7 Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus  
Express Toss-N-Go Herbicide Or Express Toss-N-Go® Dry Flowable 75% 
Herbicide in pre-seed situations, wheat and barley may be seeded after a minimum of 
24 hours after application.  Refer to “Annual Weed Control with Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide Tank Mixtures” table 
for information (section 7.2). 
 
ALWAYS REFER TO THE EXPRESS® TOSS-N-GO HERBICIDE OR EXPRESS 
TOSS-N-GO DRY FLOWABLE 75% HERBICIDE  LABEL FOR FURTHER 
INFORMATION ON APPLICATION DIRECTIONS, TANK MIXING,  AND USE 
PRECAUTIONS.   
 
9.5.8 Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide plus 
Banvel II can be applied prior to seeding in wheat, barley, rye, oats and field corn only 
(do not apply prior to seeding sweet corn).  Refer to “Annual Weed Control with 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide Tank 
Mixtures ” table for information (section 7.2). 
 
9.6 FORAGES LEGUMES AND GRASSES 
 
This product may be applied for control of emerged weeds prior to emergence of forage 
legumes and grasses.  If the forages are to be under-seeded with a cover crop, this product 
must be applied prior to planting the cover crop. 
 
9.7 PASTURE RENOVATION 
 
Use this product to control or suppress existing vegetation for zero-tillage seeding of 
legumes into established sod for pasture renovation.  Delay spraying until weed growth is 
at least 20 centimetres in height and a maximum number of seedlings or shoots have 
emerged.  Application can be made immediately before, during or after seeding, but 
before crop emergence. 
 
9.8 FORAGE SEED PRODUCTION 
 
For spot treatment control of perennial weed problems such as quackgrass and Canada 
thistle in seed fields, apply as directed to vegetation that is at least 20 to 25 centimetres in 
height but before emergence of seed head.  The crop in the treated areas will be killed.  
Take care to avoid drift outside target areas for the same reason. 
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9.9  PREHARVEST TREATMENT 
CONTROL OF QUACKGRASS, CANADA THISTLE, MILKWEED, TOADFLAX 
AND DANDELION; SEASON-LONG CONTROL OF PERENNIAL SOW 
THISTLE, AND HARVEST MANAGEMENT 
 
For control of quackgrass, Canada thistle, common milkweed, toadflax and dandelion; 
and season-long control of perennial sow thistle, Roundup WeatherMAX with Transorb 2 
Technology Liquid Herbicide can be applied prior to harvest of wheat, barley (including 
malting barley), oats, canola (rapeseed) (including Roundup Ready® varieties), flax 
(including low linolenic acid varieties), lentils, peas, dry beans, soybeans (including 
Roundup Ready® varieties) and forages.  DO NOT apply to crops if grown for seed 
production.    
 
This treatment may also provide harvest management benefits, by drying down crop and 
weed vegetative growth, for example, where late flushes of annual weeds, green 
vegetative crop growth, or late tillering may interfere with harvest operations.  
EXTREMELY COOL, WET AND/OR CLOUDY WEATHER CONDITIONS 
BETWEEN THE TIME OF APPLICATION AND THE ANTICIPATED HARVEST 
DATE MAY SLOW DOWN ACTIVITY OF THIS PRODUCT, THEREBY 
DELAYING CROP DRYDOWN AND HARVEST DATE.  Preharvest treatment to 
Roundup Ready® varieties of canola and soybean provides weed control only. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide should be applied 
preharvest at 1.67 litres per hectare in 50 to 100 litres per hectare of clean water, by 
ground application only.  Apply only when the crop has 30 percent or less grain moisture 
content.  This stage typically occurs 7 to 14 days before harvest.  For forage crops, apply 
this product at 1.67 to 3.33 litres per hectare 3 to 7 days prior to the last cut before 
rotation or forage renovation.  Consult the table “Guidelines for Timing of Preharvest 
Applications” (section 9.9.1) for visual indicators of this stage in each crop.  For the best 
weed control results, quackgrass should be actively growing and have at least 4 to 5 green 
leaves.  Canada thistle and perennial sow thistle should be actively growing and at or 
beyond the bud stage for best results.  Common milkweed should be at the bud to bloom 
stage and actively growing for best results.  Applications for weed control (not for 
harvest management) must be made at the correct stage of both weed and crop growth. 
 
Apply only during the period 7 to 14 days (or 3 to 7 days for forage applications) before 
harvest to ensure best weed control and to maximize harvest management benefits.  
Earlier application may reduce crop yield and/or quality, and may lead to excess 
glyphosate residues in the crop. 
 
DO NOT APPLY BY AIR. 
 
9.9.1 GUIDELINES FOR TIMING OF PREHARVEST APPLICATIONS 
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CROP(S) PERCENT GRAIN 
MOISTURE 


VISUAL SYMPTOMS 


WHEAT/BARLEY/OATS Less than 30 Hard dough stage; a thumbnail 
impression remains on seed. 


CANOLA  
(including Roundup 
Ready® varieties) 


Less than 30 Pods are green to yellow; most 
seeds are yellow to brown. 


FLAX  
(INCLUDING LOW 
LINOLENIC ACID 
VARIETIES) 


Less than 30 Majority (75% - 80%) of bolls are 
brown. 


PEAS Less than 30 Majority (75% - 80%) of pods are 
brown. 


LENTILS Less than 30 Lowermost pods (bottom 15%) are 
brown and seeds rattle. 


DRY BEANS Less than 30 Stems are green to brown in 
colour; pods are mature (yellow to 
brown in colour); 80% - 90% leaf 
drop (original leaves). 


SOYBEANS  
(including Roundup 
Ready® varieties) 


Less than 30 Stems are green to brown in 
colour; pod tissue is dry and brown 
in appearance; 80% - 90% leaf 
drop. 


FORAGES Not applicable Normal stage for forage 
harvesting. 


 


NOTE TO USER:  READ THE FOLLOWING BEFORE USING THIS PRODUCT 
FOR THE INDICATED SPECIAL USE APPLICATIONS:   
The DIRECTIONS FOR USE for this product for the uses described below were 
developed by persons other than Monsanto Canada and accepted for registration by 
Health Canada under the User Requested Minor Use Label Expansion program.  
Monsanto Canada itself makes no representation or warranty with respect to performance 
(efficacy) and/or crop tolerance (phytotoxicity) claims for this product when used on the 
crop listed below. 
 
Accordingly, the Buyer and User assumes all risks related to performance and crop 
tolerance arising, and agrees to hold Monsanto Canada harmless from any claims based 
on efficacy and/or phytotoxicity in connection with the uses described below. 
 
DIRECTIONS FOR USE: 
 
Preharvest Treatment of Chickpea, Dried Lupin, Dried Fava Bean, Mustard, Pearl 
Millet, Grain Sorghum and Camelina. 
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For control of quackgrass, Canada thistle, common milkweed, toadflax and dandelion; 
and season-long control of perennial sow thistle and harvest management, Roundup 
WeatherMAX with Transorb 2 Technology Liquid Herbicide can be applied prior to 
harvest of chickpea, dried lupin, dried fava bean, mustard, pearl millet, grain sorghum 
and camelina.. DO NOT apply to crops if grown for seed production.  
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide should be applied 
as a single preharvest application at 1.67 litres per hectare in 50 to 100 litres per hectare 
(100L/ha for dense vegetative cover) of clean water, by ground application only.  Apply 
only when the crop has 30 percent or less grain moisture content.  This stage typically 
occurs 7 to 14 days before harvest.  For further information see guidelines above.   The 
Pre-harvest interval is 7 days. 
 
GUIDELINES FOR TIMING OF PREHARVEST APPLICATIONS 
 


CROP(S) PERCENT GRAIN 
MOISTURE 


VISUAL SYMPTOMS 


Chickpea 
 


 
 
Less than 30 


Stems are green to brown in 
colour; pods are mature (yellow 
to brown in colour); 80%-90% 
leaf drop (original leaves) 


Dried Lupin 
 
Dried Fava Bean 
 
Mustard 
(Yellow/White, 
Brown, Oriental) 


Less than 30 Pods are green to yellow; most 
seeds are yellow to brown. 


Pearl Millet Less than 30 Kernels will be hard & a black 
layer opposite the embryo at the 
base of the kernel will be present 


Grain Sorghum 
(not for use as a 
forage crop) 


Less than 30 Kernels will have a black-layer 
immediately above the point of 
kernel attachment in the floret 
near the base of the kernel. 


Camelina Less than 30 When 95% of pods have changed 
colour, seed is firm and less than 
40% of seed is green 
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ROUNDUP WEATHERMAX WITH TRANSORB 2 TECHNOLOGY 
HERBICIDE TANK MIX WITH: HEAT WG (SAFLUFENACIL) AS A 
HARVEEST AID FOR CHICKPEAS. 
 
For use only in the Prairie Provinces and Peace River Region of British Columbia. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide should be applied 
as a single preharvest application at 1.67 litres per hectare plus 36-71 g/ha of HEAT WG.  
Add MERGE Adjuvant or Amigo at a rate of 0.5 L/ha in 200 litres per hectare of clean 
water, by ground application only.   
 
Apply only when the crop has 30 percent or less grain moisture content.  This stage 
typically occurs 7 to 14 days before harvest.  For further information see guidelines 
above.   The Pre-harvest interval is 7 days.  DO NOT apply to crops if grown for seed 
production. 
 
For Desi type, apply at the time swathing would normally commence, when the majority 
of plants are yellow and most pods are mature and seeds have turned from green to 
yellow or brown. Upper part of plant may still be green. 
 
For Kabuli type, apply when the majority of plants and pods are ripe and dry with seeds 
turned from green to white or tan, and detached from the pods. Dry down is less complete 
in Kabuli type due to its thick pod wall. 
 
ALWAYS REFER TO THE PRODUCT LABEL FOR FURTHER 
INFORMATION ON WEEDS CONTROLLED, APPLICATION DIRECTIONS, 
AND USE PRECAUTIONS 
 


 
 
9.9.2 PREHARVEST AERIAL APPLICATION 
 
Refer to the general guidelines for aerial application in Sections 5.2 and 5.3 as well as 
specific instructions in this section. 
 


 
RESTRICTED USE 


 
AERIAL PREHARVEST APPLICATION 


PRAIRIE PROVINCES ONLY 
(including PEACE RIVER REGION OF B.C.) 


 
NOTICE TO USER:  This pest control product is to be used only in accordance with 
the directions on the label. It is an offence under the Pest Control Products Act to use 
this product in a way that is inconsistent with the directions on the label. The user 
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assumes the risk to persons or property that arises from any such use of this product. 
 
NATURE OF RESTRICTION :  This product is to be used only in the manner 
authorized.  For use only by aerial applicators and aerial application services approved 
by the provincial regulatory agency to apply this product with aerial application 
equipment.  To qualify for consideration of provincial approval, the following 
requirements must be demonstrated to the provincial regulatory agency: 
 


1. Aircraft used in the application of this product must have been configured and 
calibrated to acceptable standards at a recognized calibration (patternation) 
clinic within 20 months of the date of application.  The spray system must not 
have been subjected to major changes (new nozzles, booms or configurations) 
since the calibration, and must meet critical drift management standards e.g. 
maximum boom width 65% of wing span; nozzle type, size and orientation to 
minimize drift and deliver droplet size VMD in the coarse (400 – 600 microns) 
or very coarse (600 – 1000 microns) range. 


2. Aircraft used in the application of this product must carry a minimum of 
$25,000 drift insurance in addition to any provincial requirements for general 
comprehensive insurance coverage. 


3. Applicators using this product must have successfully completed a ROUNDUP 
herbicide aerial application training course provided by Monsanto Canada Inc. 


4. Aerial application services applying this product must employ on staff at least 
one pilot applicator with at least 250 hours of actual aerial application time and 
a minimum of 100 hours within the last 24 month period.  All pilots who do 
not meet the minimum experience standard must work under the direct daily 
supervision of a qualified pilot. 


 
Refer to general directions and precautions concerning aerial application, sections 5.2, 
and 5.3, Buffer Zones.  


 
DIRECTIONS FOR USE 


 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide may be applied 
with aerial application equipment for control of quackgrass, Canada thistle, common 
milkweed, toadflax and dandelion, and season-long control of perennial sow thistle.  
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide can be applied 
prior to harvest of wheat, barley (including malting barley), oats, canola (rapeseed), 
flax (including low linolenic acid varieties), lentils, peas, dry beans and soybeans.  Do 
not use on forages. DO NOT apply to any crops if grown for seed production. 
 
This treatment may also provide harvest management benefits, by drying down crop 
and weed vegetative growth, for example, where late flushes of annual weeds, green 
vegetative crop growth, or late tillering may interfere with harvest operations. 
 
EXTREMELY COOL, WET AND/OR CLOUDY WEATHER CONDITIONS 
BETWEEN THE TIME OF APPLICATION AND THE ANTICIPATED HARVEST 
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DATE MAY SLOW DOWN ACTIVITY OF THIS PRODUCT, THEREBY 
DELAYING CROP DRYDOWN AND HARVEST DATE. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide should be 
applied at 1.67 L/ha in 20 – 50 L/ha of clean water with aerial application equipment.  
Apply only when the crop has 30% of less grain moisture content.  This stage typically 
occurs 7 to 14 days before harvest.  Consult the table “Guidelines for Timing of 
Preharvest Applications” (Section 9.9.1) for visual indicators of this stage in each 
crop.  For the best weed control results quackgrass should be actively growing and 
have at least 4 to 5 green leaves.  Canada thistle and perennial sow thistle should be 
actively growing and at or beyond the bud stage for best results.  Common milkweed 
should be at the bud to bloom stage and actively growing for best results.  Applications 
for weed control (not for harvest management) must be made at the correct stage of 
both weed and crop growth. 
 
Apply only during the period 7 – 14 days before harvest to ensure best weed control 
and to maximize harvest management benefits.  Earlier application may reduce crop 
yield and/or quality, and may lead to excess glyphosate residues in the crop. 
 
 
9.10 TREE PLANTINGS 
 
SHELTERBELTS AND NURSERY STOCK (WOODY ORNAMENTALS) 
This product may be used to control listed annual or perennial weeds prior to planting, or 
as a post directed spray in established nurseries or shelterbelts of the following species: 
 
DECIDUOUS     CONIFEROUS 
 
Ash      Fir 
 Fraxinus spp.     Abies spp. 
Caragana     Juniper 
 Caragana spp.     Juniperus spp. 
Cherry     Pine 
 Prunus spp.     Pinus spp. 
Elm      Spruce 
 Ulmus spp.     Picea spp. 
Lilac       Yew 
 Syringa spp.     Taxus spp. 
Maple 
 Acer spp. 
Mountain Ash 
 Sorbus spp. 
Poplar 
 Populus spp. 
Russian Olive 
 Elaeagnus spp. 
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Willow 
 Salix spp. 
 
NOTE:   This product is not recommended for use as an over-the-top broadcast spray in 
forest tree nurseries or in Christmas tree plantations.  Application in such sites should be 
limited to directed sprays.  DO NOT treat Christmas tree plantations in the year of 
anticipated harvest. 
 
9.11 TREE, VINE, BERRY AND OTHER CROPS 
 
This product is recommended for annual and perennial weed control in established 
vineyards or orchards, in blueberry, cranberry and strawberry, or for site preparation prior 
to transplanting tree and vine crops.  Applications may be made with boom equipment, 
shielded sprayers, hand held and high volume orchard guns, or with wiper applicator 
equipment (orchards, vineyards, cranberry and strawberry only).  See “Mixing and 
Application Equipment Information ” (section 5.2) and the following table for specific 
information on the use of equipment. 
 
Repeat treatments may be necessary to control weeds originating from underground parts 
of untreated weeds or from seeds.  This product does not provide residual or pre-
emergent weed control.  For subsequent weed control, follow a program using residual 
herbicides or use repeated applications of this product.  Do not apply more than 23 litres 
of this product per hectare per year. 
 
EXTREME CARE MUST BE EXERCISED TO AVOID CONTACT OF 
HERBICIDE SOLUTION, SPRAY, DRIFT, OR MIST WITH FOLIAGE OR 
GREEN BARK OF TRUNK, BRANCHES, SUCKERS, FRUIT, CANES OF 
BLUEBERRY BUSHES, OR OTHER PARTS OF TREES OR VINES.  CONTACT 
OF THIS PRODUCT WITH OTHER THAN MATURED BROWN BARK CAN 
RESULT IN SERIOUS CROP DAMAGE. 
 
Reduced control may result when applications are made to annual or perennial weeds that 
have been mowed, grazed or cut and have not been allowed to regrow to the 
recommended stage for treatment. 


 
WEED CONTROL IN TREE, VINE, BERRY AND OTHER CROPS 


 
CROP RATE 


(L/ha) 
PRE- 


HARVEST 
INTERVAL  


(days) 


MAX. 
APPL. 
PER 


YEAR 


WEEDS 
CONTROLLED 


COMMENTS 
(Refer to sections 7.1 
and 8.1 for specific 


rates for weed control) 
Apples, 
Apricot, 
Cherry 
(sweet/sour), 
Peaches, 
Pears, Plums 


1.5 - 8 30 3 Annual and 
perennial weeds 


 


1243Appeal Book, Tab 11







 86


CROP RATE 
(L/ha) 


PRE- 
HARVEST 
INTERVAL  


(days) 


MAX. 
APPL. 
PER 


YEAR 


WEEDS 
CONTROLLED 


COMMENTS 
(Refer to sections 7.1 
and 8.1 for specific 


rates for weed control) 
Apples, 
Grapes 


Tank Mix 
1.5 – 8 


+ 
Simazine 


2.0 – 4.5 kg 
ai/ha 


- 1 Annual and 
perennial weeds 


• Will provide season-
long preemergent 
control. 
• Do not apply to 
coarse, sandy or 
gravelly soil. 
• Use according to the 
more restrictive label 
direction for each 
product in the mix. 
• DO NOT apply to 
orchards or vineyards 
that have been 
established less than 1 
or 3 years, 
respectively. 
• Simazine rate is 
equivalent to 2.25 – 
5.0 kg/ha Princep 
Nine-T, or 4.0 – 9.0 
kg/ha Simadex 


Grapes 1.5 - 8 14 3 Annual and 
perennial weeds. 


• Remove all sucker 
growth from the spray 
zone before spraying, 
except for the 
Concord variety of 
grape. 
• Suckering should be 
conducted within 2 
weeks prior to 
application. 
• Do not  apply to 
vines which have been 
established less than 3 
years. 


Highbush 
(cultivated) 
blueberry 


1.87 – 3.73 30 1 Quackgrass • Use as a directed 
spray, with no more 
than 275 kPa pressure. 


Lowbush 
blueberry 


0.67 – 1.34% 
solution (spot 
application) 


Apply in 
non-bearing 
year only 


1 Woody brush 
(section 6.3) 


• Apply as a directed 
spray in mid-summer 
of the vegetative (non-
bearing) year. 
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CROP RATE 
(L/ha) 


PRE- 
HARVEST 
INTERVAL  


(days) 


MAX. 
APPL. 
PER 


YEAR 


WEEDS 
CONTROLLED 


COMMENTS 
(Refer to sections 7.1 
and 8.1 for specific 


rates for weed control) 
• See section 9.3 for 
instructions on spot 
treatments. 


Filberts, 
Hazelnut 
(established 
plantations) 


1.5 – 2.33 14 - Annual Weeds • Use as a directed 
spray, with no more 
than 275 kPa pressure. 


Walnut, 
Chestnut, 
Japanese 
Heartnut 


1.5 - 8 - 2 Annual and 
perennial weeds 


• Apply late spring 
and fall, postharvest 
but prior to a 
damaging frost. 
• Apply in 200 – 300 
L water as a directed 
spray, using no more 
than 275 kPa pressure. 
• Apply alternatively 
as a 1.34% wiper 
solution (see “Wiper 
Applications” section 
9.12). 


Cranberry 13.4% 
solution (0.62 
L Roundup 


WeatherMAX 
with Transorb 
2 Technology 


Liquid 
Herbicide + 
4L water) 


30 1 Annual and 
perennial weeds 


• Apply using wick or 
wiper applicators 
(section 9.12). 


Strawberry 0.67 – 1.34% 
solution (spot 
application) 
22% solution 


(wiper 
application) 


30 1 Emerged 
perennial weeds 


• Apply when weeds 
are at a susceptible 
growth stage (see 
sections 8.1 and 8.2). 
• See section 9.3 for 
instructions on spot 
treatments. 
• See section 9.12 for 
instructions on wiper 
applications. 


Sugar Beets 0.67 – 1.34% 
solution (spot 
application) 


Treated 
crop MUST 


NOT be 


1 Dodder species • Apply when dodder 
is vigorously growing 
but before flowering. 
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CROP RATE 
(L/ha) 


PRE- 
HARVEST 
INTERVAL  


(days) 


MAX. 
APPL. 
PER 


YEAR 


WEEDS 
CONTROLLED 


COMMENTS 
(Refer to sections 7.1 
and 8.1 for specific 


rates for weed control) 
harvested • See section 9.3 for 


instructions on spot 
treatments. 


Asparagus 0.83 – 1.67 7 1 Fall seeded 
ryegrass 


• Apply in spring 
before emergence of 
crop shoots. 
 


Princep and Nine-T are registered trademarks of Syngenta group company.   
Simadex is a registered trademark of Bayer. 
NOTE TO USER: READ THE FOLLOWING BEFORE USING THIS PRODUCT FOR 
THE INDICATED SPECIAL USE APPLICATIONS: 
 
The DIRECTIONS FOR USE for this product for the uses described below were developed 
by persons other than Monsanto Canada and accepted for registration by Health Canada 
under the User Requested Minor Use Label Expansion program. Monsanto Canada itself 
makes no representation or warranty with respect to performance (efficacy) and/or crop 
tolerance (phytotoxicity) claims for this product when used on the crops listed below.  
 
Accordingly, User assumes all risks related to performance and crop tolerance arising, and 
agrees to hold Monsanto Canada harmless from any claims based on efficacy and/or 
phytotoxicity in connection with the uses described below. 
 
DIRECTIONS FOR USE: For use in Eastern Canada only 
 
Late Fall Broadcast Treatment of Newly Established Lowbush Blueberry Fields 
 
For suppression of Lambkill (Sheep Laurel, Kalmia angustifolia) in newly cleared lowbush 
blueberry, apply Roundup WeatherMAX in the fall after 95 percent blueberry leaf drop, typically 
late October or November. Do not apply Roundup WeatherMAX before one or two heavy, 
damaging fall frosts have occurred. Lambkill plants should have at least 50 percent green leaf 
colour at the time of application. 
 
Apply Roundup WeatherMAX at 1.67 litres per hectare in 200-300 litres per hectare of clean 
water using a boom applicator. Do not add adjuvant to the spray mixture. Treat only areas of the 
field which have lambkill present. Apply Roundup WeatherMAX before pruning lowbush 
blueberry plants and do not prune for at least 14 days after application. All fields treated with 
Roudup WeatherMAX must be pruned post treatment in the fall or the following spring 
before May 15th.  Pre-harvest interval is 550 days.  
 
Use of fertilizers or fungicides for suppression of leaf diseases have been shown to delay leaf 
drop and blueberry plant dormancy. Do not apply Roundup WeatherMAX if 95 percent leaf drop 
has not occurred. Applications should not be made in consecutive years within the same 
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treatment area.  See “Mixing and Application Equipment Information ” for additional 
information.  
 
EXTREME CARE MUST BE EXERCISED TO AVOID CONTACT OF HERBICIDE 
SOLUTION, SPRAY DRIFT, OR MIST WITH NON-DORMANT FOLIAGE OR GREEN 
BARK OF LOWBUSH BLUEBERRY STEMS. CONTACT OF THIS PRODUCT WITH 
OTHER THAN DORMANT PLANTS CAN RESULT IN SERIOUS CROP DAMAGE. 
 


CROP RATE 
(L/ha) 


PRE-
HARVEST 
INTERVAL 


(days) 


MAX. 
APPL. 
PER 


YEAR 


WEEDS 
SUPPRESSED 


COMMENTS 
 


Lowbush 
blueberry 
 


1.67 550 1 
 


Lambkill/ 
Sheep Laurel 


Apply in the late fall after 95% 
leaf drop (Late 
October/November). Do not 
apply within 550 days of 
harvest. Treated areas must be 
pruned after treatment. 


 
 
 
 
SHORT ROTATION INTENSIVE CULTURE (SRIC) POPLAR (Populus spp) 
 
DO NOT APPLY BY AIR. 
 
This product may be used to control listed annual or perennial weeds prior to planting, or 
as a post directed spray in established crops of short rotation intensive culture (SRIC) 
Poplar species  (Populus spp.) 
 
EXTREME CARE MUST BE EXERCISED TO AVOID CONTACT OF 
HERBICIDE SOLUTION, SPRAY, DRIFT, OR MIST WITH FOLIAGE OR 
GREEN BARK OF TRUNK, BRANCHES, OR OTHER PARTS OF TREES.  
CONTACT OF THIS PRODUCT WITH OTHER THAN MATURED BROWN 
BARK CAN RESULT IN SERIOUS CROP DAMAGE. 
 
Reduced control may result when applications are made to annual or perennial weeds that 
have been mowed, grazed or cut and have not been allowed to regrow to the 
recommended stage for treatment. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide may be applied 
prior to planting or as a post directed spray in established short rotation intensive culture 
crops.  Apply Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide up 
to 8 L/ha in 50 – 100 liters or 150 – 300 L/h for quackgrass control by ground application 
only.  Applications can be made 1-3 times per year during establishment however, not to 
exceed the limit of 8 L/ha per year.  Shielded sprayers must be utilized when applying 
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post directed spray solutions.  Allow a 6-8 week interval between spray applications.  
Apply to actively growing weeds. 
 
NOTE TO USER:  READ THE FOLLOWING BEFORE USING THIS PRODUCT 
FOR INDICATED SPECIAL USE APPLICATIONS:  (NORTH AMERICAN 
GINSENG). 
 
The DIRECTIONS FOR USE for this product for the uses described below were 
developed by persons other than Monsanto Canada and accepted for registration by 
Health Canada under the User Requested Minor Use Label Expansion program.  
Monsanto Canada itself makes no representation or warranty with respect to performance 
(efficacy) and/or crop tolerance (phytotoxicity) claims for this product when used on the 
crop listed below. 
 
Accordingly, the Buyer and User assume all risks related to performance and crop 
tolerance arising, and agree to hold Monsanto Canada harmless from any claims based on 
efficacy and/or phytotoxicity in connection with the uses described below. 
 
DIRECTIONS FOR USE 
 
ALWAYS REFER TO THE PRODUCT LABEL FOR FURTHER 
INFORMATION ON WEEDS CONTROLLED, APPLICATION DIRECTIONS, 
AND USE PRECAUTIONS. 
 
NORTH AMERICAN GINSENG 
 
New Gardens (British Columbia only):  Apply this product in the fall after seeding but 
before freeze-up in new gardens only to control volunteer cereals.  Apply when weeds are 
at the growth stages listed on the product label.  Use a single application of 1.67 litres per 
hectare in 50 to 100 litres water per hectare.  DO NOT USE A FALL APPLICATION IN 
ESTABLISHED/EXISTING GARDENS. 
 
Existing/Established Gardens:  Apply this product in the spring before the crop has 
emerged above the soil.  Apply when weeds are at the growth stages described in the 
product label.  A maximum of two 1.67 litres per hectare applications in 50 to 100 litres 
water per hectare may be made in a season.  DO NOT USE A FALL APPLICATION IN 
ESTABLISHED/EXISTING GARDENS. 
 
9.12 SELECTIVE EQUIPMENT 
 
WIPER APPLICATORS 
 
This product may be applied with a wiper applicator, after dilution and thorough mixing 
with water, to listed weeds in soy and dry beans, grapes, orchards, cranberries, lowbush 
blueberries and strawberries.  Applications must be made before initial pod set in soy and 
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dry beans. (It may also be used in any industrial, tree planting and non-crop site specified 
on this label.  See sections 9.10 and 10.1). 
 
A wiper applicator applies the herbicide solution onto weeds by rubbing the weed with an 
absorbent material containing the herbicide solution.  Wiper applicators include either 
roller or wick devices which physically wipe appropriate concentrations or amounts of 
this product directly onto the weed.  Equipment must be designed, maintained and 
operated to prevent the herbicide solution from contacting desirable vegetation.  
Performance may be improved by reducing speed in areas of heavy weed infestations to 
insure adequate wiper saturation.  Best results may be obtained if 2 applications are made 
in opposite directions. 
 
AVOID CONTACT WITH DESIRABLE VEGETATION .  Contact of the herbicide 
solution with desirable vegetation may result in damage or destruction.  Applicators used 
above desired vegetation should be adjusted so that wiper contact point is at least 5 
centimetres above the desirable vegetation.  Droplets or foam of the herbicide solution 
settling on desirable vegetation may result in discoloration, stunting or destruction. 
 
Applications should be made when the weeds are a minimum of 15 centimetres above the 
desirable vegetation.  Best results may be obtained when more of the weed is exposed to 
the herbicide solution.  Weeds not contacted by the herbicide solution will not be 
affected.  This may occur in dense clumps, severe infestations, or when the height of the 
weeds varies so that not all weeds are contacted.  In these instances, repeat treatments 
may be necessary.  See the “Weed Control” tables (sections 7.1 and 8.1) for 
recommended stage of growth for specific weeds. 
 
NOTES 
 
•••• Maintain equipment in good operating condition.  Avoid leakage or dripping 


onto desirable vegetation. 
 
•••• Adjust height of applicator to insure proper contact with weeds. 
 
•••• Keep wiping surfaces clean. 
 
•••• Maintain recommended roller RPM on roller applicators while in use. 
 
•••• Keep wiper material at proper degree of saturation with herbicide solution. 
 
•••• DO NOT use wiper equipment when weeds are wet. 
 
•••• DO NOT operate equipment at ground speeds below 4 and greater than 10 


kilometres per hour.  Weed control may be affected by speed of application 
equipment.  As weed density increases, reduce equipment ground speed to 
insure good coverage of weeds. 
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•••• Be aware that on sloping ground the herbicide solution may migrate, causing 
dripping on the lower end and drying on the upper end of the wiper 
applicator. 


 
•••• Variation in equipment design may affect weed control.  With wiper 


applicators, the wiping material and its orientation must allow delivery of 
sufficient quantities of the recommended herbicide solution directly to the 
weed. 


 
•••• Care must be taken with all types of wipers to insure that the absorbent 


material does not become over-saturated, causing the herbicide to drip onto 
desirable vegetation. 


 
•••• With all equipment, drain and clean wiper parts immediately after using this 


product, by thoroughly flushing with water. 
 


For Roller Applicators  – Mix 0.33 to 0.67 litres of this product in 10 litres water to 
prepare a 3 to 7 percent solution.  Roller speed should be maintained at 50 to 150 RPM. 
 
For Wick or other Wiper Applicators  – Mix 0.57 litres of this product in 2 litres of 
water to prepare a 22 percent solution. 
 
9.13 AERIAL APPLICATION FOR WEED CONTROL WITH ROUNDUP 


WEATHERMAX WITH TRANSORB 2 TECHNOLOGY LIQUID 
HERBICIDE PRIOR TO SEEDING OR AFTER SEEDING PRIOR TO 
CROP EMERGENCE IN ALL CROPS AND IN SUMMERFALLOW – 
WET FIELD CONDITIONS ONLY 


 
Refer to the general guidelines for aerial application in Sections 5.2 and 5.3 as well as 
specific instructions in this section. 
 


RESTRICTED USE 
AERIAL APPLICATION FOR WEED CONTROL PRIOR TO SEEDING ALL 


CROPS AND IN SUMMERFALLOW 
 


PRAIRIE PROVINCES ONLY 
(including PEACE RIVER REGION OF B.C.) 


 
NATURE OF RESTRICTION :  This product is to be used only in the manner 
authorized.  For use only by aerial applicators and aerial application services approved by 
the provincial regulatory agency to apply this product with aerial application equipment.  
To qualify for consideration of provincial approval, the following requirements must be 
demonstrated to the provincial regulatory agency: 
 
1.   Aircraft used in the application of this product must have been configured and 
calibrated to acceptable standards at a recognized calibration (patternation) clinic within 
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20 months of the date of application.  The spray system must not have been subjected to 
major changes (new nozzles, booms or configurations) since the calibration, and must 
meet critical drift management standards e.g. maximum boom width 65% of wing span; 
nozzle type, size and orientation to minimize drift and deliver droplet size VMD in the 
coarse (400 – 600 microns) or very coarse (600 – 1000 microns) range. 
 
2.   Aircraft used in the application of this product must carry a minimum of $25,000 drift 
insurance in addition to any provincial requirements for general comprehensive insurance 
coverage. 
 
3.   Applicators using this product must have successfully completed a ROUNDUP 
herbicide aerial application training course provided by Monsanto Canada Inc. 
 
4.   Aerial application services applying this product must employ on staff at least one 
pilot applicator with at least 250 hours of actual aerial application time and a minimum of 
100 hours within the last 24 month period.  All pilots who do not meet the minimum 
experience standard must work under the direct daily supervision of a qualified pilot. 
 
This product may be applied with aerial equipment only if ground equipment cannot be used 
due to flooded field conditions. 
 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide may be applied 
with aerial application equipment for control of certain annual grass and broadleaf weeds 
and the suppression or season long control of certain perennial weeds.   
 
EXTREME CARE MUST BE TAKEN WHEN APPLYING THIS PRODUCT TO 
PREVENT INJURY TO DESIRABLE PLANTS AND CROPS. 
 
NOTICE TO USER:  This pest control product is to be used only in accordance with the 
directions on the label. It is an offence under the Pest Control Products Act to use this 
product in a way that is inconsistent with the directions on the label. The user assumes 
the risk to persons or property that arises from any such use of this product. 
 
Apply only by fixed-wing or rotary aircraft which has been functionally and operationally 
calibrated for the atmospheric conditions of the area and the application rates and 
conditions of this label. Ensure that the maximum boom width does not exceed 65% of 
the wing span.  Nozzle type, size and orientation must be configured to deliver a droplet 
size VMD in the coarse (400-600 microns) or very coarse (600-1000) range. 
 
Label rates, conditions and precautions are product specific. Read and understand the 
entire label before opening this product. Apply only at the rate(s) recommended for aerial 
application on this label. Where no rate for aerial application appears for the specific use, 
this product cannot be applied by any type of aerial equipment. 
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Ensure uniform application. To avoid streaked, uneven or overlapped application, use 
appropriate marking devices, or equivalent electronic positioning systems (GPS). The use 
of spotter planes is recommended. 
 
Thoroughly wash aircraft, especially landing gear, after each day of spraying to remove 
residues of this product accumulated during spraying or from spills.  PROLONGED 
EXPOSURE OF THIS PRODUCT TO UNCOATED STEEL SURFACES MAY 
RESULT IN CORROSION AND POSSIBLE FAILURE OF THE PART.  
LANDING GEAR ARE MOST SUSCEPTIBLE.   The maintenance of an organic 
coating (paint) which meets aerospace specification MIL-C-38412 may prevent 
corrosion. 
 
Use Precautions 
Use only when meteorological conditions at the treatment site allow for complete and 
even target coverage. Apply only under conditions of good practice specific to aerial 
application as outlined in the National Aerial Pesticide Application Manual, developed 
by the Federal/Provincial/Territorial Committee on Pest Management and Pesticides. 
 
Do not apply to any body of water. Avoid drifting of spray onto any body of water or 
other non-target areas. Specified buffer zones should be observed. 
 
Do not angle nozzles forward into the airstream and do not increase spray volume by 
increasing nozzle pressure. 
 
Operator Precautions 
Do not allow the pilot to mix chemicals to be loaded onto the aircraft. Loading of 
premixed chemicals with a closed system is permitted. 
 
It is desirable that the pilot have communication capabilities at each treatment site at the 
time of application. 
 
The field crew and the mixer/loaders must wear chemical resistant gloves, coveralls and 
goggles or face shield during mixing/loading, cleanup and repair. Follow the more 
stringent label precautions in cases where the operator precautions exceed generic label 
recommendations on the existing ground boom label. 
 
All personnel on the job site must wash hands and face thoroughly before eating and 
drinking. Protective clothing, aircraft cockpit and vehicle cabs must be decontaminated 
regularly. 
 
Product Specific Precautions 
Read and understand the entire label before opening this product. If you have questions, 
call the Monsanto Canada Custom Care Line at 1-800-667-4944 or obtain technical 
advice from the distributor or your provincial agricultural representative.  
 
Application of this product must meet and/or conform to the following: 
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Volume: Apply the recommended rate in a minimum spray volume 30-100 litres per 
hectare. 
 
Buffer Zones: Refer to Section 5.3 for required buffer zones. 
 


DIRECTIONS FOR USE 
 
THIS USE IS LIMITED TO SITUATIONS WHERE FIELD CONDITIONS ARE 
EXTREMELY WET SUCH THAT GROUND SPRAYERS (TRACTOR & FIELD 
SPRAYER, HIGH CLEARANCE SPRAYERS OR ANY KIND OF GROUND 
SPRAYER) CANNOT TRAVEL ACROSS THE FIELD TO MAKE EFFECTIVE 
WEED CONTROL APPLICATIONS. 
 
DO NOT TANK MIX ROUNDUP WEATHERMAX WITH TRANSORB 2 
TECHNOLOGY LIQUID HERBICIDE WITH ANY OTHER PRODUCT WHEN 
APPLIED BY AERIAL APPLICATION.  
 
Apply at appropriate weed stages. Consult tables in Section 7.1 and 8.1 for weeds, stages 
and rates.   
 
For the best weed control results weeds should be actively growing.   
 
Wet conditions can stress weeds and slow plant growth, therefore it is recommended to 
use the highest labelled rate for target weeds.    
 
Prior to Seeding All Crops 
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide may be applied 
with aerial application equipment for control of annual weeds (refer to Section 7.1) prior 
to seeding all crops. Apply 0.5-1.67 L/ha of Roundup WeatherMAX with Transorb 2 
Technology Liquid Herbicide. 
 
Summerfallow  
Roundup WeatherMAX with Transorb 2 Technology Liquid Herbicide may be applied at 
1.67-4.0 L/ha with aerial application equipment for control of annual weeds (refer to 
Section 7.1) and perennial weeds (refer to Section 8.1) in summerfallow situations.  


 
 
10.0 NON-CROPLAND USES 
 
INDUSTRIAL, RIGHTS-OF-WAY, RECREATIONAL, AND PUBLIC AREAS. 
 
ALWAYS READ PRECAUTIONS, GENERAL INFORMATION AND MIXING 
AND APPLICATION SECTIONS (3.0, 4.0 AND 5.0) PRIOR TO SPECIFIC 
APPLICATION INFORMATION IN ANY LABEL SECTION.  
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This product can be used to control annual and perennial weeds and woody brush and 
trees listed on this label in non-crop areas such as railroad, pipeline, highway, power and 
telephone rights-of-way, petroleum tank farms and pumping installations; roadsides; 
storage areas; lumberyards; fence rows; industrial plant sites; parking areas; school yards, 
parks, golf courses, other public areas; airports and similar industrial or non-crop areas. 
 
NOTE:   For all industrial, rights-of-way, recreational and public areas, repeat treatments 
may be necessary to control regeneration or new growth. 
 
When applied as recommended under the conditions described, this product will control 
weeds in non-cropland areas as listed in the following table. 
 
 
10.1  WEED CONTROL IN NON-CROPLAND AREAS WITH ROUNDUP   


WEATHERMAX WITH TRANSORB 2 TECHNOLOGY LIQUID 
HERBICIDE 


 
 GROUND APPLICATION   
 BOOM APPLICATION    


WEEDS RATE* 
(L/ha) 


WATER 
VOL.* 
(L/ha) 


HAND HELD 
HIGH VOLUME 
APPLICATION 
% SOLUTION 


COMMENTS 


Annual grasses 
and broadleaves 


1.5–2.33 50-100 0.67 
 


• Actively growing weeds. 


Perennial Weeds 
Quackgrass 
 
 
Canada Thistle 
(bud stage) 
 
Purple 
Loosestrife 
 
 
Other Perennials 
 


 
1.67 


3.17-4.67 
 


3.17-4.67 
 
 
4 
 
 
 


4.67-8 


 
50-300 
50-300 


 
100-300 


 
 


300-600 
 
 
 


100-300 


 
0.67 
1.34 


 
1.34 


 
 


0.67-1.34 (or 22% 
for wiper 


application) 
 


1.34 


• Actively growing weeds. 
• Add 0.5% v/v of a 
recommended surfactant 
when using water volumes 
greater than 150 L (see 
section 8.2.2). 
• Higher rate for long term 
control and for heavy 
infestations. 
• See section 10.2.3 for 
instructions on purple 
loosestrife applications. 
• Summer through fall is 
optimum. 


Brush and Trees 
Birch, Cherry, 
Poplar, Western 
Snowberry, 
Willow 
 
Maple, 
Raspberry/ 
Salmonberry, 


 
 


2-4 
 
 
 
4 


 
 


100-300 
 
 
 


100-300 


 
 


0.67-1.34 
 
 
 


1.34 


 
 
• Summer through early 
fall (see section 10.2). 
 
 
• Late summer through 
fall. 
• Fall is optimum. 
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 GROUND APPLICATION  
 BOOM APPLICATION    


WEEDS RATE* 
(L/ha) 


WATER 
VOL.* 
(L/ha) 


HAND HELD 
HIGH VOLUME 
APPLICATION 
% SOLUTION  


COMMENTS 


Alder 
Turf Renovation 
Annual and 
perennial weeds 


 
1.67-8 


 
100-300 


 
0.67-1.34 


 
• Use higher end of the 
rate range for perennials. 


Roadside 
Vegetation 
(1-2m wide along 
shoulders) 
Annual weeds 
(refer to tank mix 
sections on 
product labels for 
specific weeds 
controlled) 


 
 


1) 0.5 – 0.67 
+ 1.25 –  


2.5 L 
Vanquish 


Herbicide or 
2) 0.5 – 0.67 


+ 0.30 L 
Vanquish 


Herbicide + 
1.2 L 2,4-D 
amine 500 


 
 


25-150 


 
 
- 


 
 
• Refer to “Annual Weed 
Control” table (section 
7.1) for appropriate 
product rate for specific 
weeds. 
• For 2,4-D amine 
formulations with a 
different guarantee, adjust 
the rate accordingly. 
• No application to 
standing water. 


Residual 
Control 
Annual and 
perennial weeds 
(the simazine 
component of this 
tank mixture will 
provide season 
long control of 
most germinating 
broadleaf weeds 
and grasses.  It 
may also provide 
postemergent 
activity on certain 
annual weeds). 


 
 


1.67 – 8 
+ 


a) 2.5 -5.6 
kg simazine 


80W or 
 


b) 4.0 -9.0 L 
Simadex 
Flowable 


 
 


200-400 


 
 
- 


 
• Do not apply to coarse, 
sandy or gravelly soil.  
One application per year. 
• Use according to the 
most restrictive label 
directions for each product 
in the mixture. 
• For other simazine 
formulations registered for 
industrial/ non-cropland 
areas, use equivalent rates; 
i.e., 2.0 – 4.5 kg 
simazine/ha. 


 
* For more information on rates, water volumes and application, refer to “Annual and 
Perennial Weed Control” (sections 7.1 and 8.1, respectively). 
 
Vanquish Herbicide is a registered trademark of Syngenta group company.   
Simadex is a registered trademark of Bayer. 
 
10.2 APPLICATION INFORMATION FOR NON-CROPLAND USES 
 
FOLIAR APPLICATIONS 
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Spray coverage should be uniform and complete.  Do not spray to the point of run-off.  
Do not allow spray drift to contact desirable vegetation as severe injury or destruction 
may occur.  For woody brush and trees, early season applications may take 30 to 45 days 
for symptoms to develop on target species.  Late season application may be made to 
species that have some autumn colors provided no major leaf drop has occurred.  Control 
will be observed the following spring.   
 
EXTREME CARE MUST BE EXERCISED TO AVOID CONTACT OF SPRAY 
WITH FOLIAGE OF DESIRABLE TURF GRASSES, TREES, SHRUBS, OR 
OTHER DESIRABLE VEGETATION SINCE SEVERE DAMAGE OR 
DESTRUCTION MAY RESULT. 
 
This product does not provide residual weed control.  For subsequent weed control, 
follow a label approved herbicide program.  Read and carefully observe the cautionary 
statements and all other information appearing on the labels of all herbicides used. 
 
10.2.1 GROUND APPLICATIONS: 
 For all non-cropland uses 
 
For woody brush and trees, apply 2 to 4 litres of this product per hectare.  Use ground 
boom or boomless, or mist blower equipment, or apply as a 0.67 to 1.34 percent solution 
using hand held, high volume equipment.  Apply as directed in the recommended volume 
of clean water to foliage of actively growing vegetation.  Use the 4 litres per hectare rate 
for Maple, Alder and Willow* species, as well as for hard to control perennial weed 
species. (*suppression only). 
 
Spray coverage should be uniform and complete.  Do not spray to the point of run-off.  
Do not allow spray drift to contact desirable vegetation as severe injury or destruction 
may occur.  If weeds have been mowed or tilled, do not treat until regrowth has reached 
the recommended stages. 
 
10.2.2 PURPLE LOOSESTRIFE CONTROL 
 
• DO NOT TREAT PLANTS OVER OPEN WATER.  Roundup WeatherMAX 


with Transorb 2 Technology Liquid Herbicide is not registered for direct 
application to bodies of water. 


 
• Treat when plants are actively growing at or beyond the bloom stage.  If using 


hand held equipment, spray-to-wet. 
 
• For wiper applications see section 9.12. 
 
• Where feasible, remove flower heads before treatment to ensure prevention of 


seed set. 
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• For large (>1.6 ha) monocultures of loosestrife, work from the periphery inward 
in successive years to allow competing vegetation to invade the treated area. 


 
• A long-term control strategy should include measures to control both established 


plants and seedlings.  Sprayed areas should be monitored to determine the 
appropriate follow-up management.  Early detection and treatment of second and 
third generation seedlings is important to prevent re-infestation of purple 
loosestrife.  Desirable native plant communities will then have a chance to 
become re-established. 


 
10.3 SELECTIVE APPLICATION FOR ALL NON-CROPLAND USES 
 
Selective equipment such as WIPER and ROLLER applicators can be used to control 
emerged weeds in non-crop areas and tree plantings.  See “Selective Equipment” 
(section 9.12) for more information. 
 
10.4 TURF GRASS 
 
When applied as directed, under conditions described, this product controls most existing 
vegetation.  Apply this product at rates specified in “Weed Control in Non-Cropland 
Areas” (section 10.1). 
 
DO NOT DISTURB SOIL OR UNDERGROUND PLANT PARTS BEFORE 
TREATMENT. 
 
Where existing vegetation is growing in a field or unmowed situation, apply this product 
to actively growing weeds at the stages of growth given in “Weeds Controlled” (sections 
7.1 and  8.1, respectively).  Where existing vegetation is growing under mowed turfgrass 
management, apply this product after omitting at least one regular mowing to allow 
sufficient growth for good interception of the spray and proper translocation into 
underground plant parts.  Tillage or renovation techniques such as vertical mowing, 
coring or slicing should be delayed for 7 days after application to allow proper 
translocation into underground plant parts. 
 
For maximum control of existing vegetation, delay establishment to determine if 
regrowth from escaped underground plant parts occurs.  When repeat treatments are 
necessary, sufficient regrowth must be attained prior to application.  Desirable turfgrass 
may be established following the above procedures. 
 
10.5 INJECTION APPLICATIONS -- FOR ALL NON-CROPLAND USES 
 
Woody vegetation may be controlled by injection application of this product.  Apply 
using suitable equipment, which must penetrate into living tissue, at a rate of at least 0.33 
millilitres (either undiluted or 1:1 with water) per 5 centimetres tree diameter at breast 
height (DBH).  The cuts should be spaced evenly around the tree and below all major 
branches.  Application may be made at any time of year, except when cold temperatures 
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prevent adequate penetration of injection equipment, or in the spring during periods of 
heavy sap flow.  Control of tree species with tree diameters greater than 20 centimetres 
may not be acceptable at this rate. 
 
Total control may not be evident for 1 to 2 years following treatment. 
 
A partial list of species controlled includes: 
 
Alder      Hemlock 
 Alnus spp.    Tsuga spp. 
Birch     Maple*  
 Betula spp.    Acer spp. 
Cedar     Pine 
 Thuja spp.    Pinus spp. 
Cherry    Poplar 
 Prunus spp.    Populus spp. 
Douglas Fir    Willow 
 Pseudotsuga spp.   Salix spp. 
 
* This treatment may only provide suppression of Bigleaf Maple.  Late fall applications 
will provide optimum suppression of Bigleaf Maple. 
 
10.6 CUT STUMP APPLICATION 
 
Woody vegetation may be controlled by the application of this product to freshly cut 
stumps to prevent regrowth.  Because the treatment uses a concentrated solution, 
application must be made using low-pressure equipment e.g., squirt bottle or similar 
device.  This product must be applied immediately to the surface of the freshly cut stump  
i.e., within 5 minutes for optimum control at the prescribed rates.  Only the cambial 
tissues of the cut surface should be treated.  Apply the herbicide solution at a rate 
equivalent to at least 0.33 millilitres product for every 5 centimetres DBH.  Do not cover 
the remaining area nor any exposed roots, as this product does not penetrate bark well.  
This treatment may be used at any time of year, except during periods of heavy sap flow 
or when low temperatures prevent solution application due to freezing.  A water soluble 
colourant may be added to the solution as a means of indicating which surfaces have been 
treated.  Total control may not be evident until 1 to 2 years after treatment. 
 
See “Injection Applications” (section 10.5) of this label for a partial list of species 
controlled. 
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Residues of glyphosate and its metabolite AMPA in wheat seed
and foliage following preharvest applications


A.J. Cessnat, A. L. Darwent2, K.J. Kirkland3, L.fownley-Smitha, K. N. Harkers, and
L. P. Lefkovitcho
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Cessna, A. J., Darwent, A. L., Kirkland, K. J., Townley-Smith, L., Harker, K. N. and Lefkovitch, L. P. 1994. Residues of
glyphosate and its metabolite AMPA in wheat seed and foliage following preharvest applications. Can. J. Plant Sci. 74:


eii-e|t. In a 2-yr study at four locations in western Canada, residues of glyphosate and its major metabolite aminomethyl-


phosphonic acid (AMPA) were measured in the seed and foliage of wheat lTriticum aestivum L.) following preharvest applications


it ruies of 0.45, 0.9 or 1.7 kg acid equivalent ha-r. Herbic-ide treatments were applied in early August to mid-S-eptember at


seed moisture contents ranging from 52 to 12%. Glyphosate and AMPA residues in the seed increased as the rate of application


increased, and decreased as thJseed moisture content at the time of application decreased. However, when the maximum application


rate of 1.7 kg ha -r was sprayed at seed moisture contents of 40% or less, glyphosate residues in the seed were < 5 mg kg - ' ,


the Maximum Residue Level-recently established by Health Canada. Glyphosate and AMPA residues in the straw also increased


with increasing application rate, but there was no consistent pattern in residues of either chemical with seed moisture content


at rhe time of application. Physiological maturity of the crop, rainfall washoff, and application rate appeared to play important


roles in determining the magnitude of glyphosate and AMPA residues in the seed and straw of wheat.


Key words: Glyphosate, AMPA, residues, wheat, seed, preharvest application


Cessna, A. J., Darwent, A. L., Kirkland, K. J., Townley-Smith, L., Harker, K. N. et Lefkovitch, L.P. 1994. Rdsidus du
glyphosate et de son m6tabolite AMPA dans le grain et dans la feuille du bl6 h la suite de traitements en prdr6colte. Can-


i. ptant Sci. 74: 653-661. Au cours d'une 6tude de deux ans rdalis6e a quatre endroits de l'Ouest canadien, nous avons mesure


les teneurs en r6sidus du glyphosate et de son principal m6tabolite, I'acide aminom6thylphosphonique (AMPA) dans le grain


et dans les feuilles dubl6 (Triiicum aestivum L.) d la suite de traitements de pr6r6colte aux doses de 0,45, 0,9 ou 1,7 kg d'6quiva-


lent acide par hectare. Les traitements 6taient effectu6s du d6but d'ao0t d la mi-septembre lorsque la teneur en eau du grain allait
de52d ti%.festeneursenr6sidusduglyphosateetdeI'AMPAdanslegrainaugmentaientavecladosed'herbicideutilis6e,
mais diminuaient en m€me temps que la ieneur en eau du grain au moment du traitement. Toutefois, lorsque la dose maximale
(1,7 kg ha-r; 6tait utilis6e sur du grain ne contenant pas plus de 40% d'eau, les rdsidus de glyphosate dans le grain 6taient


inf6rie-urs d 5 mg kg-r, soit la lim]te maximum de rdsidus r6cemment fix6e par Sant6 et Bien-Otre social Canada. Dans les


chaumes, les r6siduJde I'herbicide et de son m6tabolite augmentaient 6galement avec la dose de traitement, mais on n'observait


aucun componemenr r6gulier ir cet 6gard selon la teneur en eau au moment de l'application de I'herbicide. La maturit6 physiolo-


gique de la culture, l'entrainement de I'herbicide par la pluie et la dose d'herbicide utilis6e (exergaient une influence importante


sur la quantit6 de r6sidus de glyphosate et d'AMPA recouvr6e dans le chaume du bl6.


Mots cl6s: Glyphosate, AMPA, r6sidus, bl6, grain, traitement en pr6r6colte


Glyphosate [N-(phosphonomethyl)glycine] is a nonselective
broad-spectrum herbicide used to control perennial and


annual species of grassy and broad-leaved weeds. Under
favourable conditions, glyphosate is usually absorbed rapidly
by living foliage, followed by a period of comparatively slow


uptake (Malik et al. 1989). Once inside the plant, glypho-
sate is generally translocated with assimilates to areas of high
metabolic activity. Such source to sink movement has been


observed in quackgrass lAgropyron repens (L.) Beauv.;
Sprankle et al. 1975 L soybean (fGlycine max (L.) Merr.;
Haderlie et al. 19781, sugar beet (Beta vulgarrt t.)' 


UU,


Gougler and Geiger 1981), alfalfa (Medicago sativa L.);
Davis et al. 1979), common milkweed (Asclepias syriaca
L.); and hemp dogbane (Apocynum cannabinum L.); Wyrill
and Burnside 19'76), and several grasses (Bingham et al'
1980). Thus, there is potential for the translocation ofglypho-
sate residues into the developing seed of treated plants.


Recently, glyphosate has been shown to have potential as


a desiccant for wheat (Triticum aestivum L.) in western


Abbreviations: AMPA, aminomethylphosphonic acid;
HPLC, high pressure liquid chromatography
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654 CANADIAN JOURNAL OF PLANT SCIENCE


Canada (Darwent et al. 1994). However, the presence of
unacceptable glyphosate residues in/on the harvested seed
of wheat receiving preharvest applications of the herbicide
is of concern. Recently, Agriculture and Agri-Food Canada
granted a temporary registration for the preharvest use of
glyphosate in several crops including wheat. Health Canada
have established a Maximum Residue Level of 5 mg kg-l
for wheat seed (Warfield, C., Chemical Evaluation Oliision.
Food Directorate, Health Canada, Ottawa, ON, personal
communication).


Several factors can influence the masnitude of residues
in/on the seed of wheat which has rec-eived a oreharvest
application of glyphosate. The physiological stage of the crop
at the time of glyphosate application is one of the most
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important. The more physiologically mature the crop, the
lower its moisture content and the lower the chance of uptake
and translocation to the seed. If the application is made when
the crop is mature, no translocation would occur and only
seed surface residues due to direct deposition would be
possible. Rainfall washoff may also influence the level of
residues. Glyphosate is highly water soluble (15.7 g L-' at
25"C; Anonymous 1989) and is susceptible to rainfall washoff
from treated foliage (Devine et al. 1984; Sundaram 1991).


The objective of this study was to measure residues of
glyphosate and its major metabolite AMPA in the seed and
straw of wheat harvested from plots to which several rates
of glyphosate were applied at several stages of crop maturity
(equivalent to several different seed moisture contents).


r-AcoMBE(l9881


oo


0 4 8 1216202428
DAYS


BEAVERLODGE(I988)


o o
e I tl@ol @


0 4 6 12162024
DAYS


25


E20


915
F


Fro
6
Hs
o.


0


25


=20zots
F
E
t10
o
Hs
o-


0


25


Ezo


9ts
F


Fro
ops
o-


0


25


Ezo


915
F


Fro
6ps
o-


0


25


Ezo


9ts
F


Fro
6
Hs(L


444424


scoTT(l9891


o? OO
e q llt il E


DAYS
04E 24 28 44


BEAVERLODGE(1989'


@


o
0-0 4 812 1;6)024)aSZ%tOU


DAYS


Fig. 1. Rainfall occurring at each location between crop stage I glyphosate application (Day 1) and crop stage 4 sample collection. Crop
stage I corresponds to earliest application of glyphosate at any location, whereas crop stage 2 corresponds to the next application and
so on. Seed moisture contents targeted for crop stages I through 4 were 45, 35, 25 and 15 % , respectivily. Shaded circles lndicate when
glyphosate applications were made with the numbers inside indicating the stage of the crop at application. The open circles indicate when
samples were collected with the numbers inside the circles indicating the stage of the crop ai ipplication.
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MATERIALS AND METHODS


Field Operations
Experiments reported here are part of a larger study reported
elsewhere (Darwent et al. 1994) and were conducted from
1988 to 1989 at Melfort and Scott, Saskatchewan and


l,acombe and Beaverlodge, Alberta. In each experiment hard
red spring wheat (cv. Neepawa at Lacombe; cv. Katepwa
at other locations) was seeded using recommended seeding
and fertilizer practices. The wheat was grown either on weed-
free land or recommended herbicides were applied in June


to control any broad{eaved or grassy weeds present in
the stands.


Glyphosate (356 g L-l water soluble formulation) was
applied at 0.45,0.9 or 1.7 kg acid equivalent ha-r in dl
experiments at four stages of crop development based on seed


moisture content. Stages of crop development were defined
such that stage I corresponded to the earliest application of
glyphosate at any location, whereas stage 2 corresponded to
the next application, and so on. Planned seed moisture con-
tents at application were approximately 45, 35, 25 and 15%


for stages I through 4, respectively. However, due to the
effect of weather conditions at the different locations on the
rate of crop drydown, glyphosate application at these seed


moisture contents was not achieved. The actual seed moisture
contents at application are shown in Table l. All glyphosate
treatments were applied in a spray volume of 85 L ha -'
together with the surfaciant, nonylphenoxy polyethoxy
ethanol (Agral 90), at a rate of 0.4% of spray volume
(vol/vol). An unsprayed check plot was included for each


stage of crop development to which glyphosate was applied.
At Scott (1989), the check plots were windrowed immediately
after glyphosate had been applied to adjacent plots while at
all other locations the check plots were allowed to mature
while standing. Seed moisture content of the wheat seeds was


determined using a procedure similar to that developed by
Thomas et al. (1990). Weekly precipitation was recorded
within I km of each of the four locations (Fig. l).


A split-plot design similar to that described by Cochran
and Cox (1966) was used in each experiment. The main plots


were stage of crop development at time of glyphosate appli-
cation while the subplots consisted of the three rates of
glyphosate and corresponding check plots. At all locations,
the subplots were 2 m wide and 5-10 m in length resulting
in main plots that were 8 x 5-10 m in size.


Sampling
Wheat samples for residue analysis were obtained when the
moisture content of the seed had declined to 15-20%. At
Beaverlodge (1988 and 1989) and Lacombe (1988), 3-m2
areas from the middle portion of the plots were harvested
into cotton bags by hand-cutting the wheat plants approxi-
mately 15 cm above the soil surface. Samples were hung to
dry in air at ambient temperature and then separated into seed


and straw/chaff fractions using a stationary head thresher.
The entire straw/chaff fraction and all but 70 g of the seed


were retained for residue analysis. At Melfort (1988),
l-m x 5-m strips were straight-cut through the centre of
each plot using a small plot combine. At Scott (1989),


Table 1. Location, year of conduct, data of application of glyphosate


and seed and foliage moisture content at the time of glyphosate


application


Crop
stage'


Location/
year


Date of
application


Seed Foliage
moisture Moisture moisture


(Vo) classY (%)


Melfort (198E) 11 Aug.
18 Aug.
28 Aug.


Lacombe (1988) 19 Aug. I
23 Aug. 2
31 Aug. 3


8 Sept. 4


Scott (1989)'


Beaverlodge (1988) 15 Aug. 1


22 Aug. 2
29 Attg. 3


13 SePt. 4


Beaverlodge (1989) 12 Aug. I
18 Aug. 2
30 Aug. 3


1l SePt. 4


1452
2393
3134


*x


A1


20
5


l0


\)
52
36
20


JI
70
37
46


^aa422
323
184
422
4t2
482
124
462
tr a+l a


323
t74
522
5t2
253
224


I Aug. I
8 Aug. 2


15 Aug. 3


22 Ang. 4


zCrop stage I corresponds to the earliest application of glyphosate at any


location, *he.eas crop stage 2 corresponds to the next application, and so


on. Seed moisture contents targeted for crop stages I through 4 wete 45,


35,25 and 15%, resPectivelY.
ySeed moisture class: 2 = 41-@%; 3 = 25-dt0%; 4 = < 25Vo.
xThe asterisk (*) indicates foliage moisture not measured


'These plots were not sprayed due to natural desiccation of the crop.


" Check plots at Scott (89) were windrowed while at all other locations the


wheat remained standing until maturity.


sprayed plots were similarly harvested, whereas check plots,


*trictr wrere windrowed at the time of glyphosate applica-


tion, were harvested with a small-plot combine, equipped


with a pickup attachment, at the same time as the corre-
sponding sprayed plots. At both locations, subsamples of seed


Q4 kg) were selected from each plot. At Scott (1989), all


of the straw from each plot which passed through the com-
bine was collected into cotton bags, whereas at Melfort
(1988), l- to 2-kg subsamples of the threshed straw were
collected. At all locations, seed samples were placed in brown


or aluminum foil-lined paper bags, whereas straw samples


were placed in cotton bags. All samples were maintained at


- 10'C until shipment to Regina'
Samples were shipped to Regina either packed in dry ice


or at subzero -temperatures and then maintained at - 10"C
until processing. Initial processing of seed samples consisted


of drying in a forced-air oven at room temperature and then


cleaning to remove all straw/chaff components' Straw


samples were hung to dry at room temperature. Subsamples


of sied (0.6-0.8 kg) and straw (0.2-0.3 kg) were milled
through a l-mm screen using a centrifugal grinding mill
equipped with a vibrating feeder (Brinkmann Model ZMI)
and a hammer mill, respectively. The milled samples were
placed in polyethylene bags and maintained at - 10"C until
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residue analysis. Analyses were carried out within 6-13 mo
of sample collection.


Residue Analysis
All seed and straw samples from sprayed and check plots
of all locations were analyzed for residues of glyphosate and
AMPA using a method employing high pressure liquid chro-
matography (HPLC). Ar Melfort (1988), rhe crop srage
4 plots were not sprayed with glyphosate because the crop
was already naturally desiccated due to hot dry conditions
(Table l). Seed and straw samples collected from these
unsprayed plots were used to determine the magnitude of
plant co-extractive background interferences at the retention
times for glyphosate and AMPA and were also used for forti-
fication experiments involving both glyphosate and AMPA.


Samples were analyzed using an aqueous extraction of seed
(30 g) and straw (15 g), followed by Chelex and anion
exchange resin cleanup of the extracts and then post-column
HPLC fluorescence detection of glyphosate and AMPA
residues. All procedures were similar to those of Cowell
et al. (1986), except rhat rhe hypochlorite concentration in


the post-column oxidizing solution was increased by a factor
of three (Cessna and Cain 1992). The HPLC post-column
reaction system used in the present study has been described
previously (Cessna and Cain 1992).


Statistical Analyses
In the agronomic component of this study (Darwent et al.
1994), rate of drydown and seed yield and quality of the
check plots were affected if the plots were windrowed.
However, in this component of the study, HPLC analyses
of seed and straw samples from windrowed check plots were
not signihcantly different from those of non-windrowed plots.
Therefore, residue data sets oftreated plots associated with
either windrowed or non-windrowed check plots were statisti-
cally analyzed together.


Individual analyses were conducted for data of each of the
four variables, i.e., for glyphosate and AMPA residues in
seed and straw. For each variable, data from all locations
were combined. In the agronomic component of the study
(Darwent et al. 1994), data were statistically analyzed using
a four-level factor, seed moisture class. because seed


Location/
year


Table 2. Mean residues of gtyphosate in wheat straw following preharvest applications of glyphosate at several levels of seed moisture


Glyphosate residues (mg kg-')
Rate of


glyphosate


tKg na )


Seed moisture class


zz Mean


Melfort (1988)


Lacombe (1988)


Scort (1989)


Beaverlodge (1988)


Beaverledgs 11939.)


All sites (1988. 1989)


0.44
6.78


18.06
53.58


19.88(4.72)


0.15
1.56
3.14
4.85


2.+t19.361


0.10
t.7 |


13.01
4.81(1.00)


0.37
4.90


12.00
25.39


ro.73(2.25)


0.02
4.18
4.99


10.99
5 1?r/l tO\


0.18(0.04)
3. l5(0.50)
6.93(1.07)


16.60(2.44)
14.'70(2.26)


0.53
10.25
28.92
80.87


30.38(7.s0)


0.15
1.60
3.01
4.24


2.2s(0.46)


_x


0.43
5.68


1 1.36
15.76


8.33(2.1 r)


0.02
3.93
4. l8
6.80


3.74(1.06)


0.27(0.08)
5.05(1.65)


10.82(3.4s)
23.s2(7.36)
9.9'7(2.39)


3.38
19.01
30.30
53.64


26.69(6.79)


0.22
2.0s
4.20
6.68


3.30(0.60)


0. r3
t.42
2.19
2.80


1.64(0.36)


1.54
13.17
32.82
69.3'l


29.15(5.94)


0.02
r1.25
8.50


33.35
13.37(3.12)


1.05(0.52)
9.23(r.57)


1s.32(3.50)
32.90(6.39)
6.84(0.87)


1.27(0.83)!
10.90(1.28)
23.'79(3.30)
59.53(5.00)
24.04(3.70)


0.16(0.06)
t.64(0.25)
3.28(0.25)
5.03(0.32)
2.s4(0.26)


0.10(0.03)
1.67(0.20)
4.02(0.73)


11 .7 s(2.31)
4.42(O.78)


0.5s(0.18)
6.2s(1.32)


14.87(3.48)
30.52(4.87)
13.12(2.r7)


0.02(0.01)
s.4l(2.01)
s.48(1.26)


13.70(2.67)
6-40(t.t7)


0.33(0. l5)
4.37(0.67)
8.'77(1.37)


19.97(2.69)


0
0.45
0.9
t.7


Mean


0
0.45
0.9
t.7


Mean


0
0.45
0.9
1.7


Mean


0
0.45
0.9
t.7


Mean


0
0.45
0.9
1.7


Mean


0
0.45
0.9
1.7


Mean
zSeed moisture class: 2 = 41-6O%; 3 = 25-.40%; 4 = < 25%.
I \umbers in parentheses are skndard errors.\Glvphosate application was not made at this seed moisture class at this location.
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'N 


PBEHARVEST-TREATED WHEAT 657


moisture content (Table 1) within each stage of crop develop-
ment at the time of desiccant application differed from loca-


tion to location. This four-level factor was formed by grouping


each stage at time of application according to seed moisture
content. Four seed moisture classes, which did not always
correspond to crop stage, were defined: class 1: > 60%;
class 2: 4l-607o: class 3: 25-40%; and class 4: < 25%.
The same seed moisture classes were retained in this com-
ponent of the study, even though location-years used for
residue analysis involved only three of the four seed moisture
classes; those being seed moisture classes 2-4 (Table 1). At
one location IScott (1989) ] , only two seed moisture classes


were involved. Although the factor "stage of crop develop-
ment at time of desiccant application" became superfluous
in terms of interpretation of results after this grouping was


formed, it was retained in all models because it was partially
related to seed moisture class and accounted for some of the
variability. Because the variances of the variables were found
to be non-homogeneous, all analyses used generalized linear
models (McCullagh and Nelder 1989). Since all data were


measured as mg kg -t, a pseudo-binomial error distribution


(McCullagh and Nelder 1989) was assumed for each variable'


Residue levels between 0 and 0.025 mg kg-' of seed or
straw were not distinguishable. Therefore, 0.025 was added


to each value prior to statistical analysis (but reduced by this


amount when presented in Tables). The significance of the


effect of each factor or interaction was determined by


dividing the mean change of deviance by the residual mean


deviance and comparing the quotient with the distribution
of F. All statistical analyses were performed using release


2.1of GENSTAT (Lawes Agricultural Trust 1990).


RESULTS AND DISCUSSION


Background Interferences/Glyphosate and AMPA
Recoveries
The analytical method of Cowell et al. (1986), with the


modifications described in Cessna and Cain (1992), proved


to be suitable for the analysis of both glyphosate and its major


metabolite AMPA in wheat seed and straw. The magnitudes


ofbackground interferences due to plant co-extractives were


low. Ttie mean background interference in the seed samples


Table 3. Mean residues of glyphosate in wheat seed following preharvest applications of glyphosate {$t991 levels of seed moisture


Glyphosate residues (.g kg-t)
Rate of


glyphosate
(kg ha-')


Moisture class
Location/
year 22 Mean


Melfort (1988)


Lacombe (1988)


Scou (1989)


Beaverlodge (1988)


Beaverlodge ( 1989)


All sites (1988, 1989)


0
0.45
0.9
1.7


Mean


0
0.45
0.9
t.7


Mean


0
0.45
0.9


Mean


0
0.45
0.9
1'7


Mean


0
0.45
0.9
t.'7


Mean


0
0.45
0.9
l-7


Mean


0.02
1.05
r.73
5.55


2.09(0.s1)


0. 15


2.ffi
6.86


10.31
4.99(0.76)


0.08
2.67
4.69
8.80


4.06(0.96)


0.01
1.70
6.08


13.45
5.32(1.09)


0.03
5.25
9.81


18.52
8.41(1.63)


0.07(0.02)
2.85(0.52)
6.23(0.82)


10.78(r.28)
s.24(0.s3)


0.02
0.33
0.56
0.92


0.46(0.1s)


0.17
0.62
1.83
4.66


1.82(0.38)


-x


0.01
0.47
1. 19


z. 15


0.95(0.32)


0.04
0.66
r.64
3.51


1.46(0.36)


0.06(0.02)
0.55(0.1 l)
r.3s(0.24)
2.93(0.33)
1.22(0.r't)


0.02
0.23
0.32
0.76


0.33(0.08)


0.08
0.24
0.32
0.62


0.32(0.07)


0.03
0.08
0.09
0. 1l


0.08(0.02)


0.01
0.19
0.26
0.42


0.22(0.0s)


0.03
0.41
0.62
4.3'7


r.42(0.84)


0.03(0.01)
0.22(0.05)
0.32(0.05)
r.2s(0.62)
0.46(0. l7)


0.02(0.01)t
0.68(0. r7)
l. 12(0.23)
3.33(0.62)
t.29(0-21)


0.14(0.04)
r.99(0.37)
\ )AtO "74r


8. 15(1.17)
3.89(0.46)


0.08(0.03)
2.38(0.80)
4. 1s(1.3s)
7.80(2.32)
3.60(0.75)


0.01(0.01)
L31(0.25)
9.s7(1.06)


10.0r(1.78)
3.98(0.62)


0.03(0.01)
4.04(r. t7)
7.36(t.62)


14.38(2.56)
6.48(0.96)


0.06(0.01)
2.22(0.3t)
4.81(0.s3)
9.24(0.89)


zSeed moisture class: 2 = 4l_ffi%:3 = 25_4A%; 4 : < 25%.
r-Numbers in parentheses are standard errors.
xGlyphosate application was not made at this seed moisture class at this location.
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Table 4' Change in deviance (x 192) from analysis of deviance for glyphosate and AMPA residues occurring in wheat seed and straw following
preharvest applications of glyphosate. A pseudo-binomial error distribution -as assumed=for all variables


Glyphosate AMPA


Straw


Change in
devianceTerm dfdf


Change in
deviance


Change in
deviance


Change in
deviance


Location (LCTN)
Replicate LCTN
Rate of glyphosare (RATE)
Stage of crop (STAGE)
Moisture class (MCLASS)
LCTN X MCLASS
LCTN X RATE
MCLASS X RATE
Residualz


A


l5
J


3


2


6
12
6


251


^
15


J


J


2


6
t2
6


251


6214x*
1 160x


48253**
17759**


460x*
9412**
3897**
23q**


10081


1933 I **
524


34634**
1564**
579**


304 I **
I 1366**
2241**
937r


961 I **
2020*x


15638**
r4834*x


291**
4086**


524*
1025**
s435


g000xx
'751


22456**
835*x
269*x
262


1352**
470*


7487


l5
J
5


2
6


t2
6


247


4
15


3


3
z
6


t2
6


24'7
x.x*Signihcant at P : 0.05 and P = 0.01, respectively.
zDifferences in residual dfbetween seed and straw are-due to missins values.


100


o


a


log y = -1.013Es (x1 + 2.864E0. (x2) + -2.965E@ (x)+.l.B7O


12 = 0.590


0 20 40 60 80 100 120


respectively, with the corresponding values for AMPA being
74 + 13% and 81 + L8%.


Glyphosate and AMPA Residues in the Check Samptes
Although the check plots were covered with polyethylene
sheets prior to glyphosate application, straw analyses
(Table 2) indicated that check plors at all locations had
received indirect glyphosate application which was most
likely in the form of drift during spraying. Covering the check
plots proved most effective at Scon (1989) and Beaverlodge
(1989). At Melfort (1988), the polyerhylene sheets were
rolled up between treatments and glyphosate deposits in the
check plots at this location possibly resulted when the sheets
were reused. With the exception of Beaverlodge (1988),
glyphosate residues were also detected in seed from the check
plots (Table 3). In seed from Lacombe (1988), in which sig-
nificant glyphosate residues were detected, residues were
lowest for application of glyphosate at seed moisture class 4.
This trend was also observed for the other locations.


Glyphosate Residues in Wheat Seed
Glyphosate applications were made when the crop was fully
headed and at seed moisture contents which varied from 52
to 12% (Table l). As a consequence of these preharvest
applications, glyphosate residues were detected in the seed
at all five locations (Table 3). Although translocation may
account for these residues detected in the seed, it is also pos-
sible that direct deposition of glyphosate on the seed may
have occurred if the seed, at any of the above seed moisture
contents at application, were not completely enclosed by
the glumes.


Location, rate of glyphosate, and location x seed moisture
class were the primary factors influencing the level of
glyphosate residues in wheat seed (Table 4). Glyphosate
residues detected in the seed increased with increasing appli-
cation rate at all five locations (Table 3). These residues,
averaged across all factors for each location, were lowest
in samples from Melfort(1988) and greatest in samples from
Beaverlodge (1989). At each ofthe five locations, expecred
mean residues of glyphosate in the seed were lowest when
the wheat was sprayed at seed moisture class 4 and highest


v
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Precipilation (mm)


Fig.2. Plot of log of glyphosate residues (mg kg-') detected in
wheat straw at maturity versus the cumulative ralnal (mm) between
glyphosate application and sample collection at crop maturity for all
seed moisture classes. The 19 data points account for all glyphosate
applications at 1.7 kg ha-r made aithe four locations *Jr-i y"un.


was 0.011 +0.003 mg kg-r (n : 16) at the retention time
for glyphosate, with non-detectable interferences at the
retention time for AMPA. Corresponding co-extractive inter-
ferences in the straw samples were non-detectable. These
interferences permitted quantitation from fortified seed and


Itralv_ at 0.10 mg kg-r. Recoveries of glyphosate from
fortified seed tissue were 90 + lS% 1n : li),90 + 30%
(n : 10)and 141 + 50% (n : 5)at 1.0, 0.1 and0.05 mg
kg-1, respectively. Corresponding values for AMpA were
76 + ll%, 77 + 2l% and 79 + 32%. Recoveries of
glyphosate from straw tissue fortified at 1.0 and 0.1 mg
kg-' were 95 + lt% (n :10) and 98 + 2l% (n : gf,


C
an


. J
. P


la
nt


 S
ci


. D
ow


nl
oa


de
d 


fr
om


 w
w


w
.n


rc
re


se
ar


ch
pr


es
s.


co
m


 b
y 


H
ea


lth
 C


an
ad


a 
on


 0
3/


07
/1


9
Fo


r 
pe


rs
on


al
 u


se
 o


nl
y.


 
2637Appeal Book, Tab 35







CESSNA ET AL. _ GLYPHOSATE AND AMPA RES'DUES 
''V 


PREHARVEST-TREATED WHEAT 659


Table 5. Mean residues of AMPA in wheat seed following preharvest applications of glyphosate at several levels of seed moisture


AMPA residues (mg kg-t)
Rate of


glyphosate
(kg ha - r;


Moisture class
Location/
yeaf 2'


Melfort (1988)


Lacombe (1988)


Scott (1989)


Beaverlodge t 1988)


Beaverlodge (1989)


All sites (1988, 1989)


0
0.45
0.9
r -'7


Mean


0
0.45
0.9
t.'7


Mean


0
0.45
0.9
r.7


Mean


0
0.45
0.9
t.7


Mean


0
0.45
0.9
t.'7


Mean


0
0.45
0.9
1.'7


Mean


0.01
0.06
0.07
0. l9


0.08(0.02)


0.01
0.22
0.33
0.54


0.27(0.04)


0.01
0.09
0. l3
0.27


0. r3(0.03)


0.01
0. 15


0.23
0.43


0.21(0.04)


0.01
0.39
0.68
r.25


0.58(0.14)


0.01(0.01)
0.19(0.04)
0.30(0.06)
0.s5(0.1 1)


0.26(0.04)


0.00
0.01
0.01
0.02


0.01(0.01)


0.02
0.07
0.19
0.3s


0. r6(0.03)


_x


0.01
0.01
0.02
0.02


0.01(0.01)


0.01
0.05
0.08
0.l0


0.06(0.01)


0.01(0.01)
0.04(0.01)
0.08(0.02)
0.13(0.04)
0.06(0.01)


0.01
0.00
0.00
0.02


0.01(0.01)


0.02
0.02
0.03
0.07


0.04(0.0r)


0.01
0.00
0.00
0.0r


0.01(0.01)


0.01
0.01
0.01
0-02


0.01(0.01)


0.01
0.02
0.02
0.04


0.02(0.01)


0.01(0.0r)
0.01(0.01)
0.01(0.01)
0.03(0.01)
0.02(0.01)


0.01(0.01)r
0.04(0.0r)
0.04(0.01)
0. l l (0.03)
0.05(0.01)


0.01(0.01)
0.17(0.0.+)
0.27(0.0-1)
0.44(0.06)
0.22(0.02)


0.01(0.01)
0.08(0.03)
0.12(0.04)
0.24(0.08)
0.1l(0.02)


0.0r(0.01)
0.11(0.04)
0. r7(0.04)
0.32(0.08)
0. ls(0.02)


0.01(0.0r)
0.29(0.08)
0.50(0. l4)
0.92(0.26)
0.43(0.08)


0.01(0.01)
0.14(0.02)
0.23(0.03)
0.43(0.06)


zSeed moisture class: 2 = 4l-60%: 1 = 25-40%; 4 : < 25%.
!Numbers in parentheses are standard errors.
xGlyphosate application was not made at this seed moisture class at this location


when sprayed at seed moisture class 2. Since glyphosate is
readily translocated in plants and tends to concentrate in
regions of high meristematic and metabolic activity (Sprankle


et al. l9'75; Wyrill and Burnside 1976; Haderlie et al. 1978;


Davis et aI. 1979; Bingham et al. 1980; Gougler and Geiger
l98l), the lower seed residues associated with glyphosate
application at lower seed (and foliage) moisture contents
probably reflect decreased translocation with decreasing
moisture content of the crop. In addition, due to its high water
solubility, rainfall (Fig. l) washoff of foliar residues of
glyphosate (Devine et al. 1984; Sundaram 1991) could
reduce residues in the seed by limiting the amount of glypho-
sate available for uptake and subsequent translocation to the
seed. Residues of glyphosate in the seed were all below 5 mg
kg-r, the Maximum Residue Level established by Health
Canada, when applications were made_at seed moisture
classes 3 and 4, even at the 1.7 kg ha-' application rate.
These data also support the label recornmendation of the
temporary registration in Canada which states that glypho-
sate "should be applied when the crop has 30% or less grain
moisture content".


Glyphosate Residues in Wheat Straw
The preharvest treatments with glyphosate were made at a


variety of seed moisture contents (Table 1), and the portion


of these applications taken up by the wheat foliage would
have varied depending on the moisture content of the foliage


at application and the amount and time of rainfall following
application. Thus, glyphosate residues associated with the


straw at harvest may have resulted from residues either inside


the crop or present on crop surfaces, or both.
Glyphosate residues in wheat straw were influenced


primarily by the same factors and interactions affecting
residues in seed (Table 4). As with the seed, residue levels
in the straw also increased as the rate ofapplication increased
(Table 2), but there was no apparent trend between residue
levels in the straw and moisture content of the seed or foliage
at the time of glyphosate application. This-,is reflected by
the decreased importance of the factor location x moisture
class relative to location x rate. The incresed importance
of the factor location x rate may be related to the possible


influence of rainfall washoff on the pattern of glyphosate
residues in the straw. Residue levels detected in straw as a
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Table 6. Mean residues of AMPA in wheat straw following preharvest applications of glyphosate at several levels of seed moisture


AMPA residues (mg kg-')


Location/
year


Rate of
glyphosate
(kg ha -')


Moisture class


22


Melfort (1988)


Lacombe (1988)


Scon (1989)


Beaverlodge (1988)


Beaverlodge (1989)


All sites (1988, 1989)


0.01
0.20
0.52
l.I7


0.48(0. l l)


0.01
0.04
0.08
0. l0


0.06(0.0r)


0.0r
0.07
0. l6
0.43


0.17(0.03)


0.02
0. l8
0.43
0.60


0.31(0.0s)


0.03
0.15
0.20
0.47


0.23(0.05)


0.01(0.01)
0.1 1(0.02)
0.24(0.03)
0.46(0.06)
0.21(0.02)


0.00
0.27
0.45
1.32


0.sl(0. r3)


0.00
0.05
0.@
0.r2


0.07(0.02)


_x


0.01
0.17
0.23
0.30


0. l8(0.03)


0.01
0.16
0.17
0.37


0. l8(0.05)


0.01(0.01)
0.15(0.05)
0.22(0.04)
0.48(0.12)
0.21(0.04)


0.01
0.37
0.36
0.90


0.41(0. I l)


0.01
0.07
0.11
0.1'7


0.09(0.02)


0.01
0.09
0.14
u.5 t


0. r5(0.03)


0.02
0.49
0.43
0.89


0.45(0.08)


0.03
0.36
0.23
t.t2


0.44(0.14)


0.01(0.01)
0.27(0.04)
0.2s(0.04)
0.68(0.11)
0.31(0.04)


0.01(0.01)v
0.26(0.03)
0.46(0.06)
1. l3(0.08)
0.47(0.07)


0.01(0.01)
0.04(0.01)
0.08(0.01)
0.12(0.02)
0.06(0.01)


0.01(0.01)
0.07(0.01)
0.16(0.01)
0.42(0.0s)
0. r6(0.02)


0.02(0.01)
0.23(0.04)
0.40(0.03)
0.60(0.08)
0.31(0.04)


0.02(0.01)
0.19(0.07)
0.20(0.04)
0.s8(0.13)
0.2s(0.0s)


0.01(0.01)
0. l4(0.02)
0.24(0.02)
0.50(0.05)


0
0.45
0.9
1.7


Mean


0
0.45
0.9
t.7


Mean


0
0.45
0.9
I-7


Mean


0
0.45
0.9
t.7


Mean


0
0.45
0.9
t.7


Mean


0
0.45
0.9
t.7


Mean
zSeed moisture class: 2 = 4I-(o%; 3 = 25-40%: 4 = < 25%.vNumbers in parentheses are standard errors.xGlyphosate application was not made at this seed moisture class at this location.


consequence of the applications made at se€d moisture class 4
(Table I; < 25%) provide evidence for this. Applied when
the crop was physiologically most mature, maximum foliar
residues would have been expected from these applications
since metabolism, as well as translocation to the seed, should
have been minimized. Although this generally was the case,
the magnitude of residues in the straw also showed an inverse
dependence upon the amount of rainfall between glyphosate
application and sample collection for all rates of application.
Using the 1.7 kg ha-t application rate as an example, max-
imum residues following applications at seed moistuie class 4
(Table 2) were detected from locations with the lowest rain-
fall [Jvlelfort (1988), 53.64 mgkg-r, 0.0 mm; Beaverlodge
(1989), 33.35.mg kg-t, 6.7 mm; Beaverlodge (1988).
69.37 mg kg-', 12.8 mml, whereas locations with much
greater rainfall [Scott (1989). 2.80 mg kg-r, 4g.6 mm;
Lacombe (1988), 6.68 mg kg-r, 68.0 mml had greatly
reduced residues. Plotting the log of glyphosate residues
(mg kg-t) detected in straw at ma;urity-foittre t.Z kg ha-l
application rate versus the cumulative rainfall (mm) between
glyphosate application and sample collection at crop maturity


Glg. 2) for all seed moisture classes shows a significant
(r' : 0.590) inverse relationship between rainfall and
residues in the straw. Because glyphosate residue data in
Table 2 corresponding to glyphosate applications at seed
moisture class 2 are the mean of two [Lacombe (1988),
Beaverlodge (1988 and 1989)l or three IScott (1989)] appli-
cations (Table l), actual mean glyphosate residue values for
all seed moisture classes (l data point for each of 19 glypho-
sate applications; Table 1) were used in Fig. 2. This inverse
relationship between rainfall and glyphosate residues in the
straw as illustrated in Fis. 2 was also sisnificant for the
0.9 (r2 : 0.462) and 0.4-5 kg ha-r (rz =-0.607) applica-
tion rates.


Residues of AMPA in Seed and Straw
Although glyphosate is not considered to be extensively
metabolized by plants (Malik et al. 1989), significant
metabolism to its major metabolite AMPA occurred in wheat
as indicated by residues detected in the seed (Table 5) and
straw (Table 0. On the basis of residue values greater than
0.05 mg kg -', the amount of AMpA present as a percent
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of the corresponding glyphosate concentration in the seed


was 5.4 + 2.2% (n : 32) whereas that for the straw was


3.6 t 2.3% (n : 56).
As with the parent herbicide, the primary factors


influencing AMPA residues in seed were also location, rate


of glyphosate, and location x seed moisture class (Table 4) '
Residues of AMPA in the seed increased with rate of glypho-
sate application and were lowest when the wheat was sprayed


at seed moisture class 4 and highest when sprayed at seed


moisture class 2 (Table 5). Therefore, AMPA residues


generally followed the same pattern as that for glyphosate


and consequently the lowest AMPA residues were detected


in samples from Melfort (1988) and the greatest residues in
samples from Beaverlodge (1989).


The primary factors influencing AMPA residues in straw


were the same as those for glyphosate in straw; that is' loca-


tion and rate of application (Table 4). Therefore, AMPA
residues in straw followed the same pattern as that for glypho-


sate. Residues increased as the application rate of glypho-
sate increased (Table 6) and also varied with location.
Although the factor "seed moisture class at application" was


significant, the interaction of location with moisture class


was not significant, and the means among locations did not
indicate a meaningful pattern of AMPA residues in the straw


across moisture classes. The magnitude of AMPA residues


in straw also showed an inverse relationship with the amount


of rainfall between glyphosate application and sample


collection. Reduced glyphosate uptake by the crop due to
rainfall washoff would lessen the amount of glyphosate avail-
able for metabolism to AMPA.


CONCLUSIONS
The physiological maturity of the crop at application, glyphol
sate application rate, and possible rainfall washoffappeared
to play important roles in determining the magnitude of
glyphosate residues in the seed and straw of preharvest-


treated wheat. Preharvest.applications of glyphosate to wheat


at rates up to I .7 kg ha -t and at seed moisture contents less


than 40Vo resulted in seed residues less than 5.0 mg kg-r,
the Maximum Residue Level established by Health Canada.
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Date: 20200213 


Docket: T-277-19 


Citation: 2020 FC 242 


Ottawa, Ontario, February 13, 2020 


PRESENT: Madam Justice Simpson 


BETWEEN: 


MARY LOU MCDONALD 
AND SAFE FOOD MATTERS INC. 


Applicants 


and 


ATTORNEY GENERAL OF CANADA 


Respondent 


JUDGMENT AND REASONS 


[1] This application is for judicial review of a decision of the Pest Management Regulatory 


Agency dated January 11, 2019 [the Decision], in which it decided not to establish a panel of 


scientists to review its earlier decision, made in 2017, to permit the continued registration of 


glyphosate products in Canada. This application was brought pursuant to subsection 18.1(1) of 


the Federal Courts Act, R.S.C. 1985, c. F-7. The Applicants request an order quashing the 


Decision, and directing the PMRA to establish a review panel or in the alternative, remitting the 
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one year before the day on 
which they are appointed 
to the review panel; 


ou III de la Loi sur la 
gestion des finances 
publiques; 


(c) have provided the 
Minister with a written 
statement indicating that 
they are free from any 
actual or potential conflict 
of interest that relates to 
the decision under review; 
and 


c) elle a fourni au ministre 
une déclaration écrite 
portant qu’elle n’est pas en 
conflit d’intérêts réel ou 
potentiel par rapport à la 
décision contestée ; 


(d) have undertaken in 
writing to disclose to the 
Minister in writing, 
without delay, any actual 
or potential conflict of 
interest that may arise and 
affect their duties as a 
member of the review 
panel. 


d) elle s’est engagée par 
écrit à signaler sans délai 
au ministre, également par 
écrit , tout conflit d’intérêts 
réel ou potentiel 
susceptible de survenir 
dans le cadre de ses 
fonctions à titre de membre 
de la commission. 


IV. The Decision 


[16] In its Decision not to establish a review panel, the PMRA found that the Applicants’ 


NOO did not meet either of the criteria set out in Section 3 of the RP Regulations.  In other 


words, the NOO did not raise scientifically founded doubt about the validity of the Evaluations 


and expert scientists would not be able to assist in addressing the topics raised in the NOO.  As 


part of the Decision the PMRA provided a response to the issues raised in the NOO [the 


Response].  The Response will be described below when the issues are discussed. 


V. Scientifically Founded Doubt 


[17] There are no cases which consider the meaning of this concept.  However, in opening 


submissions, the Applicants acknowledged and I agree that decisions under the PCP Act are to 


be based on rigorous science.  In my view the NOO process under the Act is also to be 


underpinned by rigorous science.  Moreover, sections 3 and 4 of the RP Regulations, which are 
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set out above, make it clear that the purpose of the NOO in this case is to challenge the science 


relied on by the PMRA in the Evaluations which support the decision to continue the registration 


of glyphosate.  In my view, the NOO is not a vehicle for challenging the Evaluations for reasons 


that have no scientific basis. 


[18] The context signals to me that this is the correct approach. The challenge to the science in 


the NOO, if accepted, would result in the appointment of a panel of independent scientists.  


Based on scientific principles, the panel would provide the PMRA with recommendations which 


would either confirm or question the PMRA’s decision about the continued registration of 


glyphosate. 


[19] Given this context, the Decision not to appoint a review panel will be unreasonable only 


if the Applicants’ NOO shows a well founded scientific doubt about a conclusion in the 


Evaluations.  It is also my view that scientifically founded doubt about the validity of the 


Evaluations must be demonstrated by at least one controlled peer reviewed study published in a 


reputable journal that contradicts or raises a reasonable doubt about the Evaluations’ 


conclusions. 


[20] Contrary to the Applicants’ submissions, I am not prepared to find that a scientifically 


founded doubt can arise based on a newspaper article or because there is an absence of studies on 


a topic or because scientists have written articles expressing their opinions.  Articles of this kind 


are part of the literature on a topic and are significant because they raise interest in an issue and 


may lead to the funding of a study. However, neither an absence of studies nor published 


opinions create a scientifically founded doubt in the world of rigorous science. 
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D. Indeterminate Crops 


[25] Crops in which the entire plant matures at the same time are called determinate crops.  


Other crops may be indeterminate in that they grow continually.  This means that, even at harvest 


time, parts of the plant may be immature.  Accordingly when glyphosate is applied as a 


preharvest desiccant, residue levels may be present due to translocation.  Chickpeas and lentils 


are indeterminate crops. 


E. Crop Groups 


[26] PMRA does not assign MRLs to all crops.  Instead similar crops are grouped together and 


a representative crop is selected.  Its MRL is applied to all the crops in the group. As a result of a 


field trial study conducted in 1992 [the 1992 Study], white beans are the representative crop for 


the group that includes chickpeas. 


[27] In the Affidavit of Isabelle Pilote, affirmed on June 27, 2019 [the Pilote Affidavit] at 


paragraphs 58 and 59, the PMRA explains crop grouping as follows: 


Crop groupings are used in many countries around the world and 
allow for crop field data on a “representative” crop to be extended 
or used as a proxy for other crops within the same crop group. 


A crop group or subgroup is comprised of crops that are similar in 
terms of crop morphology (physical characteristics of the crop); 
growth habits; and what part of the crop is edible (e.g. the beans 
inside the bean pods of bean plants). From the crops listed in a 
crop group, between two and seven crops are chosen to be 
representative of the entire group. A representative crop is most 
likely to contain the highest pesticide residues, is based on both 
professional expertise and supporting data, and is also likely to be 
a major crop in terms of production and/or consumption. 
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[56] There are two newspaper articles about increases in chickpea consumption which are 


described in footnotes 6 and 7 of the NOO and at page 8 of the NOO there is a chart prepared by 


Statistics Canada which shows increased pulse production.  This chart is relevant because 


chickpeas are a pulse. However, there is no indication that there is any dietary consumption data 


of the sort relied on by PMRA which takes this increased consumption into account.  Therefore, I 


cannot identify a scientifically founded doubt which would justify the appointment of a review 


panel. 


[57] In their Memorandum of Argument, the Applicants raised for the first time a concern that 


the Re-Evaluation at page 4 found that the exposure estimates for children 1-2 years old met 70% 


of the Acceptable Daily Intake [ADI].  The Applicants submit that this is contrary to the 


protection demanded by the PCP Act for vulnerable groups.  The Respondent said in oral 


submissions that the exposure estimate of 70% is not of concern because the ADI is set at a level 


that would pose no significant harmful effects.  However, since this issue of whether 70% of the 


ADI is unsafe was not raised in the NOO and was not mentioned in the Pilote Affidavit or the 


Respondent’s Memorandum of Argument, it was not properly before me and will not be 


considered.  


C. Issue III – The Margin of Exposure 


[58] The Response recorded the Applicants’ concerns as follows: 


Comment 7: A comment was received which referenced the 
aggregate risk assessment in PRVD2015-01 conducted for children 
1 to less than 2 years old, examining post-application dermal 
exposure of glyphosate and incidental oral exposure (hand-to-
mouth) from performing postapplication activities in treated 
lawns/turf + chronic dietary (food and drinking water). This 
aggregate exposure scenario initially assumed a glyphosate 
application rate of two applications with a seven day interval.  At 
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Glyphosate Notice of Objection 


June 21, 2018 


 


Attending: Kimberley Low, Catherine Adcock, Cheryl Chaffey, Keith O’Rourke, Isabelle Pilote, Deborah 


Ramsingh, Leanne Yeung 


- Slide 2 needs to be edited to reflect that no new data since last assessment is included, only 


data that was available during assessment 


- TOX should take the lead on all responses, except for the Monsanto lawsuit 


o Verbiage exists in the RVD on microbiome and coformulations plus general verbiage on 


IARC, use of EPA reviews and use of industry studies, which can be used in the response 


- The letter from Dr. Portier, Chair of the IARC Committee, to EFSA, was quoted in many of the 


Notices of Objection. EFSA has responded to the letter, and there is useful information in their 


response. Follow up is required on: 


o Statistical testing.  Ie. Did EFSA use 2-sided testing? Our standard practice is to use one-


sided  


o Is there a breakdown from EFSA on each study? 


� If so, we need to include it in our response.  


o We will need to address use of historical controls and dose-response in the Equiterre et 


al. objection for tumours in the pancreas and testes regarding possibility that endocrine 


effects may not have a dose-response  


� The response should make it clear that the historical controls are part of the 


weight of evidence not data analysis 


o How was IARC question raised? 


� If no mention of lymphoma in objections, then delete it from slides or state that 


it isn’t germaine.  


� Kim will go back and look more closely at the ones we didn’t think were 


responding to it. 


� We do not currently have evidence in the database that points to endocrine 


effects, but we’ll double check at lower doses 


o While the underlying issues raised were the same, we will be formulating separate 


responses to each NoO  


� The responses will appear in the public register. 


� Each response will begin with a general summary of concerns raised. 


- One notice of objection cited the 2018 Samsel and Seneff paper linking glyphosate and a 


possible substitution for glycine as an adverse outcome pathway for many diseases.  


o Need to know where the paper was originally published and check Beale’s list of 


predatory journals 
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� Health Canada does have a policy on predatory journals 


� None of the three journals that published the Samsel and Seneff papers appear 


on that list 


- One Notice of Objection focussed on the reduction of the PCPA factor for the ARfD. Our 


response will explain that this is standard practice and reference SPN2008-01 


o ARfD NOAEL 150 (malformations)/300 


� maternal toxicity at 150 mg/kg bw/d 


o SPN2008 – other considerations (Section 4.1) 


o We will give our standard practice that fetal effects in absence of maternal toxicity is of 


greater concern and that there is sufficient reliable data to reduce the PCPA.  


- Multiple Notices of Objections raised the issues of hazards of coformulants and studies 


performed on the EPs 


o There should be standard wording on study selection. 


o pg 19 and 32 of RVD 


� there is useful text to cover impurities 


- One Notice of Objection referred to glyphosate’s original development as an antibiotic and 


possible subsequent effects on the gut microbiome. The author of the Notice of Objection 


referred to studies where there were effects on faeces and other G.I. disturbances.   


o The response should include that studies referenced are conducted at exceedingly high 


dose levels that are well beyond limit dose of testing. 


- The Notices of Objections for phosphene and boric acid an be used as templates  


- Conclusions 


o Following careful examination, this response to the Notices of Objection has concluded 


that the Ojectors has failed to provide sufficient scientific justification to support their 


concerns for the toxicology components of the risk assessment of glyphosate. 
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l+I Health Sante 
Canada Canada 


Pest Agence de 
Management reglementation 
Regulatory delalutte 
Agency antiparasitaire 


JAN 1 1 2019 


Mary Lou McDonald 
Safe Food Matters Inc. 
9 Boardwalk Dr. Unit 107 
Toronto, ON 
M4L6Tl 


Dear Ms. McDonald, 


Reference No. 2017-3047 


Re: Notice of Objection to Re-evaluation Decision RVD2017-01, Glyphosate 


Your notice of objection, filed under subsection 35(1) of the Pest Control Products Act (PCPA), 
regarding the re-evaluation decision for Glyphosate has now been reviewed and assessed in 
accordance with the PCPA and Review Panel Regulations. 


The purpose of a notice of objection is to identify the area of science supporting the re-evaluation 
decision to which objection is taken, to provide the scientific basis of the objection and to request 
that the area of science in question be referred to a review panel for reconsideration and 
recommendation. 


The PMRA has taken all reasonable measures to ensure impartiality in detennining if a panel 
should be established. The notice of objection, including the scientific rationale, was assessed by 
a team of PMRA evaluators who were not involved in the original re-evaluation decision. This 
team provided recommendations as to the requirement for a review panel based on the validity 
and the scientific plausibility of the issues raised in the notice. The factors to be considered in 
determining whether to establish a review panel include: 


• whether the infonnation in the notice raises scientifically founded doubt as to the validity 
of the evaluations, on which the decision was based, of the health and environmental 
risks and the value of the pesticide; and 
whether the advice of a review panel of expert scientists would assist in addressing the 
subject matter of the objection. 


The following information was received and reviewed in support of your notice of objection: 
• Notice of Objection Form 
• Notice of Objection document 
• Glyphosate in Chickpea - CFIA tests 


Canada 2720 promenade Riverside Drive, Ottawa, Ontario KIA OK9 
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Ms. McDonald 


• Glyphosate in Wheat Bran - CFIA 


The infonnation which you submitted in support of your objection does not meet either of those 
factors and, accordingly, does not provide a basis for the establishing of a review panel. As a 
consequence, a review panel will not be established to reconsider the regulatory decision in 
response to your request. 


The issues raised in the notice of objection are attached to this letter are in bold text, followed 
by PMRA responses which are not (see Attachment 1 ). 


Should you have any questions regarding this letter, please contact Charles Smith at 613-736-
3625 or charles.smith@canada.ca. Please quote Reference Number 2017-3048 in any 
correspondence regarding the Notice of Objection to re-evaluation of glyphosate. 


Pest Management Regulatory Agency 
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Attachment 1 


Comment 1: A comment was received which objected to reductions of the safety factor 
without scientific rationale with regards to the serious endpoint of cardiovascular 
malformations in the rabbit developmental toxicity study. The objector indicates that the 
tempering of the concern surrounding the "serious endpoint" based on the presence of 
maternal toxicity does not appear to be permitted, based on the approach outlined in 
SPN2008-0l. 


PMRA Response: 


While SPN2008-01 a does not explicitly state that there is a reduced level of concern when 
malformations occur in the presence of maternal toxicity, this scenario does fall within the 
purview of the first paragraph of Section 4.1 of SPN2008-01: 


Under the new Pest Control Products Act (PCP A), the PMRA must 
apply a default 10-fold factor (the PCPA factor) unless the PMRA 
concludes, based on reliable data, that a different factor is appropriate for 
the protection of infants and children. Determination of the magnitude of 
the factor involves evaluating the completeness of the data with respect 
to exposure of and toxicity to infants and children as well as potential for 
prenatal or postnatal toxicity (see Figure 2). Incomplete toxicology 
databases are not equally incomplete and all prenatal and postnatal 
toxicities are not of equal concern. For these reasons, the PMRA makes 
specific case-by-case determinations as to the size of the PCP A factor if 
reliable data pennit. An integrative approach is taken to optimize use of 
all available infonnation. A PCP A factor less than or equal to 10-fold or, 
in very rare circumstances, greater than 10-fold, may be employed in an 
assessment. Given the extensive data typically available for a given 
pesticide, the PMRA believes that in most instances, there will be 
sufficient reliable data to conduct an individualized assessment of the 
factor necessary to assure the safety of infants and children. b 


In determining whether the PMRA can reduce the PCP A factor, the PMRA takes into account 
contextual information such as the impact of a chemical on the health of the maternal animal. 
Concern is lessened when fetal toxicity occurs in the presence of maternal toxicity since maternal 
toxicity, in and of itself, can result in effects on the fetus. Decreased maternal body weight or 
body weight gain at sensitive stages of development can result in changes in the fetus 
independent of direct chemical insults on the fetus. For some effects, protecting maternal health 
will serve to limit fetal exposure and toxicity. For this reason, a higher level of concern reflected 


• PMRA (Pest Management Regulatory Agency), 2008, Science Policy Note (SPN2008-01): The Application of 
Uncertainty Factors and the Pest Control Products Act Factor in the Human Health Risk Assessment of Pesticide. 
Available online from http://www.hc-sc.gc.ca/cps-spc/pubs/pest/ _pol-guide/spn2008-0 l/index-eng.php [Last 
accessed August, 20 18] 
b Ibid. 
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in a PCPA factor of 10-fold, is accorded to serious effects that are seen in the fetus but not in the 
maternal animal. 


This is reflected in page 17 of PRVD2015-01, which states "Overall, the endpoints in the young 
were well characterized. The increased incidence of fetal cardiovascular malformations noted in 
a rabbit developmental toxicity study was considered a serious endpoint. However, the concern 
regarding the se1ious nature of this effect was tempered by the presence of maternal toxicity at 
the same and lower dose levels in this study. Therefore, the Pest Control Products Act factor was 
reduced to three-fold when this endpoint was used to establish the point of departure. For all 
other scenarios, the Pest Control Products Act factor was reduced to one-fold since there were no 
residual uncertainties with respect to the completeness of the data, or with respect to potential 
toxicity to infants and children." 


Comment 2: A comment was received which indicated that the early application of 
glyphosate as a desiccant or the application of glyphosate when moisture content is too high 
resulted in exceedances of the Maximum Residue Limits (MRLs) for some crops. It also 
referenced data obtained from the Canadian Food Inspection Agency (CFIA), which 
showed exceedances in a cereal and legume. Safe Food Matters Inc. stated that since food 
containing a pesticide residue that does not exceed the established MRL does not pose a 
health risk concern; foods that do exceed the established MRL do pose a health risk and 
thus endanger human health. 


PMRA Response: 


The PMRA assessed the scientific literature cited in support of this comment. The cited 
references show that residues of glyphosate increase when applied as a preharvest treatment 
when the moisture content in the crop is more than 30%. However, the labels of registered 
glyphosate products in Canada indicate that application must be conducted at less than 30% 
moisture content, and the residue data used to establish MRLs were based on this use pattern. In 
other words, as indicated in the response to c01mnents provided in the final re-evaluation 
decision document for glyphosate (RVD2017-010), glyphosate residues on foods have been 
measured in field trial studies that are required to register a pesticide for specific uses, as per 
PMRA Residue Chemistry Guidelines (Dir98-02). These field trial data were used for the 
establishment of maximum residue limits (MRLs) for glyphosate, that is, the maximum legally 
allowed amount of glyphosate residue that may remain on foods when glyphosate is used 
according to label directions. 


With respect to the actual MRLs, they are enforced by law under the Food and Drugs Act. The 
conditions of registration must be observed in all circumstances. It is an offence under the PCP A 
if the product is not used in accordance with the conditions of registration, including the use 
directions on the label. MRLs are set at a level well below the amount ofresidue that could 
present a human health concern. However, an exceedance of an MRL does not automatically 
equate to a potential health risk of concern. Neve1iheless, when pesticide residue levels exceed 
the MRL, follow-up actions for non-compliant products, taken by the Canadian Food Inspection 
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Agency (CFIA), are initiated in a manner that reflects the magnitude of the health concern. 
Actions may include further analysis, notification of the producer or importer, follow-up 
inspections, additional directed sampling, and recall of products. 


In the case of the glyphosate monitoring undertaken by the CFIA, as indicated in their report, the 
non-compliant data were evaluated and no human health concerns were identified. The CFIA 
will continue to monitor for the presence of this commonly used herbicide to help ensure the 
safety of the Canadian food supply. 


Comment 3: A comment was received which stated that it would appear that an 
examination of the risks arising from dietary exposure to crops that have been desiccated 
with glyphosate was not part of the re-evaluation, and maintained that such an 
examination is necessary, particularly given that mechanisms by which MRLs can be 
exceeded in desiccated crops, and that data from the CFIA indicates that exceedances are 
occurring. 


PMRA Response: 


PRVD2015-01 , Appendix V, page 99, under "Supervised residues trial studies" states, "The data 
support a maximum seasonal rate of 6.2 kg ae/ha in pre-emergent applications and 0.9 kg ae/ha 
in preharvest applications for forage crops (PHI 3-7 days) and all other crops (PHI of 7-14 
days)." To further clarify, preharvest applications are the desiccant uses. Thus, the dietary risk 
assessment conducted in the re-evaluation encompasses all registered food uses, including 
desiccated crops. 


Comment 4: A comment was received which expressed concern regarding PMRA's use of 
CSFII-1994-1996, 1998 Continuing Survey of Food Intakes by Individuals, and United 
States WWEIA consumption data to assess dietary risk in the re-evaluation of glyphosate. 
Safe Food Matters Inc. argued that a dietary risk assessment using these data is inadequate 
because of the evidence that current levels of consumption and production of desiccated 
legumes like chickpeas and lentils has increased dramatically. Accurate information 
showing the increase in consumption would increase the numbers for the calculations of 
glyphosate exposure through diet. 


PMRA Response: 


The PMRA's dietary exposure assessments (for new active ingredients and re-evaluations, such 
as for glyphosate) rely upon the "Dietary Exposure Evaluation Model - Food Commodity Intake 
Database™ (DEEM-FCID™ Version 2.14) program, which incorporates consumption data from 
USDA's Continuing Surveys of Food Intakes by Individuals (CSFII), 1994-1996 and 1998". 
Prior to using the CSFII, the PMRA compared the exposures from the consumption data from 
CSFII and the National Health and Nutritional Examination Survey, What We Eat in Ame1ica 
(NHANES/ WWEIA). There was consistency in the food intake pattern and no significant 
differences in exposure were observed. In tum, even with more recent versions of DEEM with 
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updated consumption data, dietary exposure is not expected to be of concern. It should be noted 
that dietary estimates are also well below the acceptable daily intake (ADI), as well as the acute 
reference dose (ARID): 20 - 70% of the ADI for all segments of the population, 31 % of the 
ARID for females 13 - 49 years of age, and 12 - 45% of the ARID for other population 
subgroups. 


It is also impo1iant to note that the residue input in DEEM is not directly related to the use 
scenario of the pesticide. However, if a pesticide is registered for several different use scenarios 
(e.g. pre-emergent use, early post-emergent use and desiccant use), then the residue level input in 
DEEM (a single value in ppm) would be the highest residue observed among all the scenarios 
tested. Therefore, if the use of a desiccant results in the highest residue level, it will be assumed 
that all legume crops that are consumed contain residues from that desiccant use. In addition, the 
dietary risk assessment conducted for the glyphosate re-evaluation assumed 100% of registered 
crops to be treated, which is also a conservative assumption. 


Comment 5: A comment was received which referenced the 2017 Guide to Crop Protection 
published by the Saskatchewan Ministry of Agriculture, which stated that the use of 
glyphosate for the use of "Crop Staging for Preharvest Applications" on the crops canary 
seed, mustard, chickpea, lupin and faba bean is registered under the URMULE program, 
and because of this "the manufacturer assumes no responsibility for herbicide · 
performance. Those who apply glyphosate to chickpea, lupin, faba bean, canary seed, 
camelina or mustard do so at their own risk." 


Safe Food Matters Inc. claimed that there was no indication in the re-evaluation of 
glyphosate that the use of desiccation/ pre-harvest management on these additional crops 
has been assessed for health risks or that MRLs have been established for these crops 
subject to this use. 


PMRA Response: 


URMULE submissions reviewed by the PMRA assessed the health risk from glyphosate residues 
as a result of preharvest use on camelina (Sub. No. 2010-6219), pearl millet (Sub. No. 2009-
23 17), canary seed (Sub. No. 2014-5021), mustard (Sub. No. 2010-1153), chickpea (Sub. No. 
2015-1580), and lupin and faba bean (Sub. No. 2005-2797) on the Monsanto Roundup 
WeatherMax with Transorb 2 Technology Liquid Herbicide (Reg. No. 27487) label. Residues in 
food commodities resulting from the desiccant use of glyphosate on these crops were determined 
to not pose health risks of concern to any segment of the population, including infants, children, 
adults and seniors. · · 


MRLs are specified under the PCP A for gold of pleasure seeds ( camelina) and mustard seeds 
(condiment type and oilseed type) at 10 ppm, based on residue data for canola, the representative 
crop for oilseeds. MRLs are not established specifically for chickpea, dried lupin, and dried faba 
bean since residues on these crops are covered under the existing MRL for beans (4 ppm). Given 
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that the use on pearl millet grain is for animal feed only, an MRL is not established for this 
commodity. In addition, an MRL is not established for canary seed, since it is not a food use. 


As mentioned above in the response to Comment 3, the dietary risk assessment conducted in the 
re-evaluation encompasses all registered food uses, including all registered desiccated food crops 
such as camelina, mustard, chickpea, lupin and faba bean. 


Comment 6: A comment was received which states that the risk to human health from 
consuming crops that have been desiccated with glyphosate when moisture content is high 
is not mitigated by the proposed label amendments from the re-evaluation. It argues that 
there is no reasonable certainty that no harm to human health or future generations will 
result from dietary exposure to glyphosate, given that 


1) no label statements were proposed that would mitigate risk to human health from 
desiccation, and 


2) any such label statements would not with reasonable certainty be effective because 
of the subjective content of any label and the unpredictability of the weather which 
can affect moisture content 


PMRA Response: 


As indicated in response to Comment 2, directions for use on labels already indicate when 
applications should be made for preharvest use with specific plant growth stage (with associated 
pictographs) to describe precisely the application timing that corresponds to 30% moisture 
content. 


Comment 7: A comment was received which referenced the aggregate risk assessment in 
PRVD2015-01 conducted for children 1 to less than 2 years old, examining post
application dermal exposure of glyphosate and incidental oral exposure (hand-to-mouth) 
from performing postapplication activities in treated lawns/turf+ chronic dietary (food 
and drinking water). This aggregate exposure scenario initially assumed a glyphosate 
application rate of two applications with a seven day interval. At that application rate, the 
aggregate margin of exposure (MOE) for children (1 to < 2 years old) did not reach the 
target of 100. Therefore, refinements to the risk assessment were required. 


Safe Food Matters Inc. claimed that in response to this finding, the PMRA changed the 
aggregate assessment without a reliable scientific rationale, to one application of glyphosate 
with a seven-day time-weighted turf transferable residue average for the entire aggregate 
assessment for all populations. The average residues of glyphosate were calculated over a 
seven-day span, rather than assuming exposure to residues immediately after application. 
In addition, Safe Food Matters Inc. stated that this refinement of the aggregate risk 
assessment in effect reduced the 10-fold safety factor by changing the application rates, 
since the 10-fold factor would have been exceeded had the application rates stayed the 
same. 
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PMRA Response: 


The approach of conducting the aggregate risk assessment for children 1 to less than 2 years old 
exposed to glyphosate followed the method described in Science Policy Note SPN2003-04: 
General Principles for Pe1forming Aggregate Exposure and Risk Assessments. 


As described in PR VD2015-01, in the initial risk assessment for children 1 to <2 years old 
exposed to glyphosate, the target MOE of 100 was not reached when aggregating chronic dietary 
exposure (food and drinking water) and postapplication exposure (dermal and incidental dietary) 
from entering turf treated with two applications, 7 days apart. As per SPN2003-04, "the PMRA 
believes, however, that the co-occurrence of high-end food, drinking water and residential 
exposure scenarios will often be impossible or, at best, highly unlikely." As such, the 
assumptions in the aggregate risk assessment were adjusted to represent a more realistic scenaiio, 
which included the use of the following: 


• Canadian MRLs instead of American tolerances/Codex MRLs for barley, oats and wheat, 
since 99% of these crops consumed in Canada are produced in Canada; 


• A typical application pattern of only one application at the maximum application rate; 
and 


• a 7-day time-weighted average turf transferrable residue value. 


Using the parameters described above, the refined aggregate risk assessment for children 1 to <2 
years old resulted in a calculated MOE that reached the target MOE of 100. The target MOE of 
100 was not reduced in the aggregate risk assessment. 
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Overview 
 
 
What Is the Proposed Re-evaluation Decision? 
 
After a re-evaluation of the herbicide glyphosate, Health Canada’s Pest Management Regulatory 
Agency (PMRA), under the authority of the Pest Control Products Act and Regulations, is 
proposing continued registration of products containing glyphosate for sale and use in Canada. 
 
An evaluation of available scientific information found that products containing glyphosate do 
not present unacceptable risks to human health or the environment when used according to 
the proposed label directions. As a condition of the continued registration of glyphosate uses, 
new risk reduction measures are proposed for the end-use products registered in Canada. No 
additional data are being requested at this time.  
 
This proposal affects the products containing glyphosate registered in Canada. Once the final 
re-evaluation decision is made, the registrant will be instructed on how to address any new 
requirements. 
 
This Proposed Re-evaluation Decision is a consultation document1 that summarizes the science 
evaluation for glyphosate and presents the reasons for the proposed re-evaluation decision. It 
also proposes new risk reduction measures to further protect human health and the environment. 
 
The information is presented in two parts. The Overview describes the regulatory process 
and key points of the evaluation, while the Science Evaluation provides detailed technical 
information on the assessment of glyphosate. 
 
The PMRA will accept written comments on this proposal up to 60 days from the date of 
publication of this document. Please forward all comments to Publications (please see contact 
information indicated on the cover page of this document). 
 
What Does Health Canada Consider When Making a Re-evaluation Decision? 
 
Health Canada’s pesticide re-evaluation program considers potential risks as well as the value 
of pesticide products to ensure they meet modern standards established to protect human health 
and the environment. Re-evaluation draws on data from registrants, published scientific reports, 
information from other regulatory agencies and any other relevant information.  
 
In 2010, Health Canada published a re-evaluation work plan for glyphosate (REV2010-02) 
outlining the focus of this re-evaluation and indicating that the PMRA is working cooperatively 
with the United States Environmental Protection Agency on the re-evaluation of glyphosate. 
As part of this re-evaluation, the effect of Polyethoxylated Tallow Amines (POEA) and the 
metabolite and transformation product Aminomethylphosphonic acid (AMPA) are also included.  
 


1  “Consultation statement” as required by subsection 28(2) of the Pest Control Products Act. 


  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 1 


                                                           


2149Appeal Book, Tab 29







For more details on the information presented in this overview, please refer to the Science 
Evaluation section of this consultation document. 
 
What Is Glyphosate? 
 
Glyphosate is a non-selective herbicide registered for post-emergence control of a wide spectrum 
of weeds including annual and perennial broadleaf and grassy weeds, weedy trees and brush. It is 
registered under various forms including glyphosate acid, glyphosate isopropylamine or 
ethanolamine salt, glyphosate mono-ammonium or diammonium salt, glyphosate potassium salt 
and glyphosate dimethylamine salt. Another form, glyphosate trimethylsulfonium salt, was 
voluntarily discontinued by the registrant and therefore is not included in the current re-
evaluation. 
 
Glyphosate is registered for use on the following Use-Site Categories (USC): Forests and 
Woodlots, Industrial Oil Seed Crops and Fibre Crops, Terrestrial Feed Crops, Terrestrial Food 
Crops, Industrial and Domestic Vegetation Control Non-food Sites, Ornamentals Outdoors and 
Turf.  
 
Glyphosate products are formulated as solutions, pastes or tablets and can be applied using 
ground or aerial equipment. Some special application techniques are also used.  
 
Health Considerations 
 
Can Approved Uses of Glyphosate Affect Human Health? 
 
Products containing glyphosate acid are unlikely to affect your health when used according 
to label directions.  
 
Potential exposure to glyphosate may occur through the diet (food and water), when handling 
and applying the products containing glyphosate, or by entering treated sites. When assessing 
health risks, two key factors are considered: the levels at which no health effects occur in animal 
testing and the levels to which people may be exposed. The dose levels used to assess risks are 
established to protect the most sensitive human population (for example, children and nursing 
mothers). Only uses for which exposure is well below levels that cause no effects in animal 
testing are considered acceptable for registration.  
 
Toxicology studies in laboratory animals describe potential health effects from varying levels of 
exposure to a chemical and identify the dose at which no effects are observed. The health effects 
noted in animals occur at doses more than 100 times higher (and often much higher) than levels 
to which humans are normally exposed when glyphosate products are used according to label 
directions.  
 
In laboratory animals, glyphosate was of low acute oral, dermal and inhalation toxicity. 
Glyphosate did not cause skin irritation or an allergic skin reaction. It was severely irritating to 
the eyes.  
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Short and long term (lifetime) animal toxicity tests, as well as numerous peer-reviewed studies 
from the published scientific literature were assessed for the potential of glyphosate to cause 
neurotoxicity, immunotoxicity, chronic toxicity, cancer, reproductive and developmental 
toxicity, and various other effects. The most sensitive endpoints used for risk assessment 
included clinical signs of toxicity and developmental effects. There was no indication that the 
young were more sensitive than the adult animal. The risk assessment approach ensures that the 
level of exposure to humans is well below the lowest dose at which these effects occurred in 
animal tests. 
 
The World Health Organization’s (WHO) International Agency for Research on Cancer (IARC) 
recently assigned a hazard classification for glyphosate as “probably carcinogenic to humans”. It 
is important to note that a hazard classification is not a health risk assessment. The level of 
human exposure, which determines the actual risk, was not taken into account by WHO (IARC). 
Pesticides are registered for use in Canada only if the level of exposure to Canadians does not 
cause any harmful effects, including cancer. 
 
Residues in Food and Water 
 
Dietary risks from food and water are not of concern. 
 
Reference doses define levels to which an individual can be exposed over a single day (acute) or 
lifetime (chronic) and expect no adverse health effects. Generally, dietary exposure from food 
and water is acceptable if it is less than 100% of the acute reference dose or chronic reference 
dose (acceptable daily intake). An acceptable daily intake is an estimate of the level of daily 
exposure to a pesticide residue that, over a lifetime, is believed to have no significant harmful 
effects. 
 
Potential acute and chronic dietary exposures to glyphosate were estimated from residues of 
glyphosate and relevant metabolites in both treated crops and drinking water. Exposure to 
different subpopulations, including children and women of reproductive age, were considered. 
The acute dietary exposure estimate (in other words, from food and drinking water) at the 95th 
percentile represents 31% of the acute reference dose (ARfD) for females 13-49 years of age and 
ranges from 12% to 45% of the ARfD for all other population subgroups. The chronic dietary 
exposure estimate for the general population represents 30% of the acceptable daily intake 
(ADI). Exposure estimates for population subgroups range from 20% of the ADI (for adults aged 
50 years or older) to 70% of the ADI (for children 1-2 years old). Thus, acute and chronic dietary 
risks are not of concern. 
 
The Food and Drugs Act prohibits the sale of adulterated food; that is, food containing a 
pesticide residue that exceeds the established maximum residue limit (MRL). Pesticide MRLs 
are established for Food and Drugs Act purposes through the evaluation of scientific data under 
the Pest Control Products Act. Each MRL value defines the maximum concentration in parts per 
million (ppm) of a pesticide allowed in or on certain foods. Food containing a pesticide residue 
that does not exceed the established MRL does not pose a health risk concern. 
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Canadian MRLs for glyphosate are currently specified for a wide range of commodities (MRL 
database). Residues in all other agricultural commodities, including those approved for treatment 
in Canada but without a specific MRL, are regulated under Subsection B.15.002(1) of the Food 
and Drug Regulations, which requires that residues do not exceed 0.1 ppm. The current MRLs 
for glyphosate can be found in Appendix VII of this document. Separate MRLs have been 
established for the trimethylsulfonium (TMS) cation, the major metabolite of the glyphosate-
TMS salt, in/on a variety of commodities. Given that all glyphosate-TMS-containing products 
have been discontinued, it is proposed that all MRLs for the TMS cation be revoked.  
 
Risks in Residential and Other Non-Occupational Environments 
 
Non-occupational risks are not of concern when used according to label directions. 
 
Residential exposure may occur from the application of products containing glyphosate to 
residential lawns, and turf (including golf courses). Residential handler exposure would occur 
from mixing, loading and applying domestic-class glyphosate products. These products can 
be applied as a liquid by a manually pressurized handwand, backpack, sprinkler can and 
ready-to-use sprayer. 
 
Residential postapplication exposure may occur while performing activities on treated areas. 
Treated areas include areas treated by residential handlers as well as residential areas treated by 
commercial applicators. Exposure would be predominantly dermal. Incidental oral exposure may 
also occur for children (1 to < 2 years old) playing in treated areas.  
 
For all domestic class products, the target dermal and inhalation margins of exposure (MOE) 
were met for adults applying glyphosate and are not of concern. Residential postapplication 
activities also met the target dermal MOE for all populations (including golfers) and are not of 
concern. For incidental oral exposure, the target oral MOEs were met for children (1 to < 2 years 
old) and are not of concern. 
 
Non-occupational scenarios were aggregated with background (chronic) dietary exposure (food 
and drinking water). The resulting aggregate risk estimates reached the target MOE for all uses 
and are not of concern. 
 
Non-occupational risks from bystander dermal exposure are not of concern. 
 
Bystander exposure may occur when the general public enter non-cropland areas (for example, 
hiking through forests or parks) that have recently been treated with glyphosate. The resulting 
risk estimates associated with bystander dermal exposure exceeded the target MOE for all 
populations and are not of concern. 
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Occupational Risks from Handling Glyphosate 
 
Occupational risks to handlers are not of concern when used according to label directions. 
 
Risks to handlers are not of concern for all scenarios. Based on the precautions and directions for 
use on the original product labels reviewed for this re-evaluation, risk estimates associated with 
mixing, loading and applying activities exceeded target dermal and inhalation MOEs and are not 
of concern. 
 
Postapplication risks are not of concern for all uses. 
 
Postapplication occupational risk assessments consider exposures to workers entering treated 
sites in agriculture. Based on the current use pattern for agricultural scenarios reviewed for this 
re-evaluation, postapplication risks to workers performing activities, such as scouting, exceeded 
target dermal MOEs and are not of concern. A restricted entry interval of 12 hours is proposed 
for agricultural sites. 
 
Polyethoxylated Tallow Amines 
 
POEA is a family of several compounds that are used as surfactants in many glyphosate products 
registered in Canada. No human health risks of concern were identified, provided end-use 
products contain no more than 20% POEA by weight. All of the currently registered glyphosate 
end-use products in Canada meet this limit. 
 
Environmental Considerations 
 
What Happens When Glyphosate Is Introduced Into the Environment? 
 
When used according to proposed label directions, glyphosate products do not 
pose an unacceptable risk to the environment. Labelled risk-reduction measures 
mitigate potential risks posed by glyphosate formulations to non-target plants and 
freshwater/marine/estuarine organisms. 
 
When glyphosate is released into the environment, it can enter soil and surface water. Glyphosate 
breaks down in soil and water and is not expected to persist for long periods of time. Glyphosate 
produces one major transformation product in soil and water, aminomethyl phosphonic acid 
(AMPA), which can persist in the environment. Carryover of glyphosate and AMPA into the 
next growing season is not expected to be significant. Glyphosate and AMPA are not expected to 
move downward through the soil and are unlikely to enter groundwater. 
 
Glyphosate dissolves readily in water but is expected to move into sediments in aquatic 
environments. Glyphosate is not expected to enter the atmosphere. Glyphosate and AMPA are 
unlikely to accumulate in animal tissues. 
 
Certain glyphosate formulations include a surfactant composed of POEA compounds. At high 
enough concentrations, POEA is toxic to aquatic organisms but is not expected to persist in the 
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environment. While, in general, glyphosate formulations that contain POEA are more toxic to 
freshwater and marine/estuarine organisms than formulations that do not contain POEA, they do 
not pose an unacceptable risk to the environment when used as directed on the label.  
 
In the terrestrial environment the only area of risk concern identified from the available data was 
for terrestrial plants and therefore spray buffer zones are required to reduce exposure to sensitive 
terrestrial plants.  
 
Glyphosate formulations pose a negligible risk to freshwater fish and amphibians, but may pose 
a risk to freshwater algae, freshwater plants, marine/estuarine invertebrates and marine fish if 
exposed to high enough concentrations. Hazard statements and mitigation measures (spray buffer 
zones) are required on product labels to protect aquatic organisms.  
 
Glyphosate, AMPA and POEA do not meet all Toxic Substances Management Policy (TSMP) 
Track 1 criteria and are not considered Track 1 substances. Other than incident reports of damage 
to plants, there are currently no environmental incident reports involving glyphosate in Canada. 
 
Value Considerations 
 
What is the Value of Glyphosate? 
 
Glyphosate plays an important role in Canadian weed management in both agricultural 
production and non-agricultural land management and is the most widely used herbicide 
in Canada. 
 
Glyphosate is an important herbicide for Canadian agriculture, for the following reasons: 
 


• Due to its broad and flexible use pattern and its wide weed-control spectrum, it is the 
most widely used herbicide in several major crops grown in Canada such as canola, 
soybean, field corn and wheat. It is also one of only a few herbicides regularly used in 
fruit orchards such as apple. 


• It is the essential herbicide for use on the glyphosate tolerant crops (GTCs) including 
canola, soybean, corn, sweet corn and sugar beet. The combination of GTCs and 
glyphosate has been adopted as an important agricultural production practice in Canada. 


• It has a wide application window ranging from pre-seeding to after seeding (prior to crop 
emergence), in-crop, pre-harvest or post-harvest, providing a flexible and effective weed 
management program. 


• It is one of few herbicides that can also be used as harvest management and desiccation 
treatment.  


• Post-harvest stubble treatment with glyphosate allows reduced or zero tillage, which has 
facilitated the adoption of conservation agriculture that results in improved soil quality. 
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Glyphosate is also an important weed management tool and is widely used for weed control in 
non-agricultural land management, such as forestry, industrial areas, and along rights-of-way. It 
is an effective tool for control of many invasive weed species and is also used in the control of 
toxic plants such as poison ivy.  
 
Proposed Measures to Minimize Risk 
 
Labels of registered pesticide products include specific instructions for use. Directions include 
risk-reduction measures to protect human health and the environment. These directions must be 
followed by law. As a result of the re-evaluation of glyphosate, the PMRA is proposing further 
risk-reduction measures for product labels. 
 
Human Health 
 


• To protect workers entering treated sites a restricted-entry interval of 12 hours is 
proposed for agricultural uses.  


 
• To protect bystanders, a statement indicating to apply only when the potential for drift to 


areas of human habitation or areas of human activity such as houses, cottages, schools 
and recreational areas is minimal is required.  


 
Environment 
 


• Environmental hazard statements to inform users of its toxicity to non-target species. 
 


• Spray buffer zones to protect non-target terrestrial and aquatic habitats are required.  
 


• To reduce the potential for runoff of glyphosate to adjacent aquatic habitats, 
precautionary statements for sites with characteristics that may be conducive to runoff 
and when heavy rain is forecasted are required. In addition, a vegetative strip between the 
treatment area and the edge of a water body is recommended to reduce runoff of 
glyphosate to aquatic areas.  


 
What Additional Scientific Information is Being Requested?  
 
There are no additional data requirements proposed as a condition of continued registration of 
glyphosate products. 
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Next Steps 
 
Before making a final re-evaluation decision on glyphosate, the PMRA will consider any 
comments received from the public in response to this consultation document. A science-based 
approach will be applied in making a final decision on glyphosate. The PMRA will then publish 
a Re-evaluation Decision2 that will include the decision, the reasons for it, a summary of 
comments received on the proposed decision and the PMRA’s response to these comments. 
 


 
 


2  “Decision statement” as required by subsection 28(5) of the Pest Control Products Act. 
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Science Evaluation 
 
 
1.0 Introduction 
 
Glyphosate is a non-selective systemic herbicide. As an aminophosphonic analogue of the 
natural amino acid glycine, glyphosate is classified as a Weed Science Society of America  
Group 9 herbicide. It disrupts the shikimic acid pathway through inhibition of the enzyme  
5-enolpyruvylshikimate-3-phosphate (EPSP) synthase. The resulting deficiency in EPSP 
production leads to reductions in aromatic amino acids (phenylalanine, tyrosine and tryptophan) 
that are vital for protein synthesis and plant growth. 
 
Following the re-evaluation announcement for glyphosate, the registrants of the technical grade 
active ingredient indicated their support to continue registration of all uses included on the 
labels of end-use products (EPs) containing glyphosate in Canada. Registrants of all Canadian 
glyphosate products are listed in Appendix I.  
 
2.0 The Technical Grade Active Ingredient, Its Properties and Uses 
 
2.1 Identity of the Technical Grade Active Ingredient 
 
Common Name Glyphosate 


Function Herbicide 


Chemical Family Organophosphorus 


Chemical Name  


 1 International Union of Pure 
and Applied Chemistry 
(IUPAC) 


N-(phosphonomethyl)glycine 


 2 Chemical Abstracts Service 
(CAS) 


N-(phosphonomethyl)glycine 


CAS Registry Number 1071-83-6 


Molecular Formula 
 


C3H8NO5P 


Structural Formula 
 HOOC CH2 NH CH2 P


O


OH


OH  
Molecular Weight 
 


169.1 
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The purity (in other words, guarantee) of the currently registered technical grade active 
ingredient is provided in Appendix I. 
 
Identity of relevant impurities of human health or environmental concern include the following:  
 
Based on the manufacturing process used, impurities of human health or environmental concern 
as identified in the Canada Gazette, Part II, Vol. 142, No. 13, SI/2008-67 (2008-06-25), 
including TSMP Track 1 substances, are not expected to be present in the product.  
 
2.2 Physical and Chemical Properties of the Technical Grade Active Ingredient 
 


Property Result 


Vapour pressure at 25°C 1.31 × 10-2 mPa 


Ultraviolet (UV) / visible spectrum Not expected to absorb at λ > 300 nm 


Solubility in water at 20°C 10.5 g/L (pH 1.9) 


n-Octanol/water partition coefficient at 20 °C Log Kow < -3.2 (pH 2-5); Kow < 6.3 × 10-4 


Dissociation constant (pKa) 2.34 (20ºC), 5.73 (20ºC), 10.2 (25ºC) 


 
2.3 Polyethoxylated Tallow Amines 
 
Polyethoxylated tallow amines (POEA) are surfactants consisting of a family of many 
compounds. The general structure for POEA is as follows: 
 


H
O


N
O


H


R


nm  
 
In Canada, majority of the currently registered glyphosate end-use products contain the 
surfactant POEA.  
 
2.4 Description of Registered Glyphosate Uses 
 
Appendix I lists all glyphosate products that are registered under the authority of the Pest 
Control Products Act as of 3 May 2012. A total of 169 products contain glyphosate including 
19 technical grade active ingredients, 19 Manufacturing Concentration, 97 Commercial Class 
end-use products and 34 Domestic Class end-use products. Although glyphosate is registered  
in various forms, there are no differences in efficacy and toxicity end-points among glyphosate 
forms. Therefore, the assessments were based on the glyphosate acid form. 
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Appendix IIa and IIb list all the Commercial Class and Domestic Class uses, respectively, for 
which glyphosate is currently registered. All uses including uses registered through the PMRA 
User Requested Minor Use Label Expansion (URMULE) program were supported by the 
registrants at the time of initiation of re-evaluation and were therefore considered in the health 
and environmental risk assessments. Under the URMULE program, the data supporting the 
minor use registrations are generated by a user group or by the Pest Management Centre of 
Agriculture and Agri-Food Canada.  
 
Uses of glyphosate belong to the following use site categories: Forests and Woodlots (Use-Site 
Category (USC 4), Industrial Oil Seed Crops and Fibre Crops (USC 7), Terrestrial Feed Crops 
(USC 13), Terrestrial Food Crops (USC 14), Industrial and Domestic Vegetation Control  
Non-food Sites (USC 16), Ornamentals Outdoors (USC 27) and Turf (USC 30). 
 
3.0 Impact on Human and Animal Health 
 
3.1 Toxicology Summary 
 
The toxicology database for glyphosate acid (hereafter called glyphosate) was extensive, 
consisting of all guideline toxicity studies required to characterize toxicity of a pesticide.  
For each study type currently required, several studies were available to satisfy the data 
requirements. Considered individually, some of these studies do not meet the current standards 
for testing, although they were considered acceptable at the time of their initial evaluation. 
Overall, the database was considered adequate to define the majority of the toxic effects that may 
result from exposure to glyphosate. Relevant acceptable scientific studies published in the peer-
reviewed literature were also incorporated into the hazard assessment, including those studies 
that were considered by the World Health Organization’s (WHO) International Agency for 
Research on Cancer (IARC) in their recent hazard classification for glyphosate. Hazard 
identification, including carcinogenic potential, is an important component in the determination 
of the potential human health risk of a pesticide. The determination of such risk, however, is not 
solely driven by the hazard profile but is also a function of the potential exposure to the 
pesticide. For this reason, both the hazard and exposure potential must be considered together 
when performing a human health risk assessment for a pesticide, since an identified hazard may 
be offset by the fact that the potential for human exposure is considered to be sufficiently low so 
as not to pose a risk of concern to human health. 
 
Metabolism studies in rats indicated that glyphosate was incompletely but rapidly absorbed 
following administration of single low, single high and repeated oral doses. At low doses, the 
peak plasma concentration was reached within an hour of dosing. Following single high doses, 
the peak plasma concentration was reached five hours after dosing. The bioavailable fraction was 
about 20-23%. The parent compound was the primary form detected in tissues and excreta, 
indicating glyphosate was not metabolized extensively. Approximately 1-5% of the administered 
dose (AD) was distributed in the gastrointestinal (GI) tract, liver, kidneys, bone, lungs, spleen, 
salivary glands and brain. The distribution phase was rapid with a distribution half-life of 
20-30 minutes. About 1-9% of the AD was metabolized to aminomethylphosphonic acid 
(AMPA). Higher quantities (6-9% of AD) of AMPA were detected in feces than in urine 
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(≤1% of AD). In single low- or high-dose oral studies, the excretion of glyphosate was rapid and 
nearly complete after 72 hours. The primary route of excretion was the feces (80-90% of AD) 
followed by urine (10-20% of AD) following single low, single high, and repeated oral doses. 
The elimination half-life of glyphosate was around 14 hours while the elimination half-life of 
AMPA was approximately 15 hours following oral doses of glyphosate.  
 
Glyphosate was of low acute oral and inhalation toxicity in the rat, and of low dermal toxicity in 
the rabbit. Glyphosate was neither a dermal irritant nor a dermal sensitizer. It was severely 
irritating to rabbit eyes.  
 
In oral repeat-dose toxicity studies, effects on salivary glands in rodents, decreased body weight, 
body-weight gain, and clinical signs of toxicity were consistently observed in all test species. 
Additional target organs of toxicity were liver and kidney in rats and dogs, and stomach in mice 
in most of these studies at higher dose levels.  Changes in several clinical chemistry parameters 
were consistent with a mild dehydration. The high doses in most studies reached or exceeded the 
limit dose of testing (in other words, 1000 mg/kg bw/day) due to the low toxicity of glyphosate.  
 
In guideline and non-guideline (National Toxicology Program-NTP) 90-day oral studies in 
rodents, the primary effect in rats was an increased incidence and severity of cytoplasmic 
alterations of the parotid and submandibular glands. Although this effect was also noted in mice, 
it occurred at a dose that exceeded the limit dose. The effects in the parotid gland in Sprague 
Dawley rats was considered to be at the threshold of toxicological adversity at the lowest dose 
tested (30 mg/kg bw/day) due to the mild nature of this effect, and given that these effects in the 
rat salivary glands were commonly observed starting at 100 mg/kg bw/day in other toxicity 
studies. In a 28-day oral study, salivary gland effects were noted in three rat strains at the limit 
dose, but with varying degrees of severity and reversibility. A 14-day mechanistic oral study in 
rats designed to test the hypothesis that the salivary gland effects of glyphosate were mediated 
through an adrenergic pathway did not provide conclusive evidence to substantiate this 
mechanism.  
 
Other effects noted in the short-term studies included increased kidney and lungs weights in male 
mice, and decreased thymus weights, body weight, body-weight gain, and increased plasma bile 
acids in rats. In addition, decreased sperm counts were also noted in rats at dose groups where 
sperm analysis was conducted (three highest doses), with increased testis weights observed at 
higher dose levels. However, no effects were observed in the other examined sperm parameters 
(epididymal weights, epididymal sperm motility, total spermatid heads, and total spermatid 
heads/gram caudal tissue). The estrus cycle length was also slightly longer (5.4 days compared to 
4.9 days) in the high-dose females.  
 
In the 21-day dermal toxicity studies in rats and rabbits, no treatment-related systemic or dermal 
effects were noted in Wistar rats at doses up to 1000 mg/kg bw/day, while SD rats had increased 
incidences of erythema and desquamation of the skin and increased incidences of unilateral 
papillary necrosis, urothelial hyperplasia and pelvic dilation in the kidneys at this dose. Slight 
dermal irritation, but no systemic toxicity was observed in New Zealand White (NZW) rabbits. 
In a 90-day dog study, the only adverse effects noted were decreases in several clinical chemistry 
parameters at a very high dose, which were consistent with decreased food consumption. 
  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 12 


2160Appeal Book, Tab 29







 
Decreased ovary weights and increased serum ALP were also observed in females at the high 
dose. Three 12-month dog studies reported more systemic toxicity (body weight and epididymal 
effects) at lower dose levels in males compared to females. However, males were not more 
sensitive than females in other test species. One 12-month study had increased incidences of  
clinical signs of toxicity and increased liver and kidney weights in males. A second study 
reported a dose-related increased incidence of lymphoid nodules in the epididymis and decreased 
pituitary weight in males, with kidney tubular regeneration accompanied by epithelial cells and 
urinary protein in females at this same dose. Increased absolute and relative testis and ovary 
weights were found in the high-dose group.  
 
A third study reported decreased levels of plasma phosphorus, decreased epididymides weights 
and increased transitional epithelial hyperplasia in the kidneys in males, with decreased plasma 
phosphorus levels and thyroid weights in the high-dose females only.  
 
Glyphosate was not genotoxic in the standard battery of in vitro and in vivo tests assessing gene 
mutation, chromosome aberration, and mouse micronucleus anomalies. There was no evidence 
of carcinogenicity in four long-term rat studies. In mice, treatment with glyphosate was 
associated with a marginal increase in the incidence of unilateral tubulostromal adenomas in the 
ovaries, but only at the limit dose of testing. Although historical control data were unavailable, 
based on the marginal increase in the incidence of the ovarian tumours coupled with its 
occurrence at the limit dose and the negative findings in a battery of genotoxicity assays, these 
tumours were considered to be of low concern for human health risk assessment. 
 
Chronic effects were assessed in four long-term rat toxicity studies. One study did not elicit  
any overt toxicity as the dose range was insufficiently high, whereas the high-dose group in the 
other three studies either exceeded or was at the limit dose of testing. Effects included increased 
incidences and severity of cellular alteration in the submandibular and parotid glands, and 
inflammation and hyperplasia of the squamous mucosa in the stomach in both sexes; decreased 
and/or absence of epididymal sperm, degeneration of seminiferous tubules, increased testis 
weight and testicular effects, and myeloid hyperplasia of the bone marrow in males; and 
increased kidney papillary necrosis in females. At or above the limit dose, males had a 
marginally increased incidence of necrosis in the glandular stomach and an increase in kidney 
papillary necrosis and prostatitis, while females had increased incidences of mammary gland 
hyperplasia and cataracts/lens fiber degeneration.  
 
In three gavage rat developmental-toxicity studies, the high doses reached or exceeded the limit 
dose and no evidence for sensitivity of the young was observed. Maternal toxicity occurred at the 
limit dose in rats and included clinical signs of toxicity (salivation, and noisy respiration), 
hydronephrosis and one total litter resorption. In addition, mortality, and decreased body weight 
and body-weight gain were observed at doses above the limit dose. Developmental toxicity was 
also observed only at or above the limit dose. Effects comprised an increased incidence of 
skeletal variants, wavy ribs/rib distortions and hydroureter. Decreased fetal weight, reduced 
ossification, decreased numbers of viable fetuses/dam, and an increased incidence of absent 
kidneys and ureters were also observed at a dose that exceeded the limit dose by over three-fold. 
In three gavage developmental toxicity studies in rabbits, maternal toxicity comprised mainly of 
GI disturbances at similar dose levels, with excessive maternal mortality occurring at higher 
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doses in one study. Post-implantation loss and intra-uterine deaths were commonly noted at the 
highest dose tested. Developmental toxicity included decreased fetal body weight, reduced 
ossification, and increased incidences of 27th presacral vertebrae, and 13th rudimentary and full 
ribs. In one study an increased incidence of fetal cardiovascular variations accompanied with an 
increased incidence of fetal cardiovascular malformations (mainly interventricular septal defects) 
was noted at the highest dose tested. The observation of cardiovascular malformations was 
considered a serious effect in this study, although maternal toxicity was present at the same dose 
level. No evidence of sensitivity of the young was noted.  
 
The reproductive toxicity of glyphosate was investigated in three, two-generation toxicity studies 
in rats. In two of these studies, the high dose reached or exceeded the limit dose. Parental toxicity 
included an increased incidence of hypertrophy of acinar cells with granular cytoplasm in the 
parotid and submandibular glands in both parental generations. At doses at or above the limit 
dose, there was decreased body weight and an increased incidence of soft stools or diarrhea in 
both parental generations, decreased body weight during gestation in F1 females, increased liver 
and kidney weights in the P generation with increased incidences of transitional epithelial 
hyperplasia in the kidney, and glandular and luminal dilatation of the uterus in the F1 generation. 
Reproduction toxicity was noted only at a dose that exceeded the limit dose and included 
decreased litter size with no increase in the number of dead pups per litter. There were no effects 
on mating, pregnancy and fertility indices, sperm parameters, or reproductive performance. 
However, an increased mean number of estrual cycles (P generation) and decreased mean estrual 
cycle length (P and F1 generations) in females was noted at the limit dose. Offspring toxicity 
consisted primarily of decreased body weight in pups. At doses at or exceeding the limit dose, 
there were decreases in litter size, a marginal increase in tubular dilatation/cysts in the kidneys, 
decreased pup spleen and thymus weights and an increased incidence of unilateral and bilateral 
pelvic dilatation of the kidneys. Although decreased body weight in pups was observed at  
non-maternally toxic dose in two of the three studies, this reduction in body weight was 
considered marginal and evidence from other studies in rats indicated that effects on the salivary 
glands (not assessed in these two reproduction toxicity studies) would be expected to occur at 
this dose level in the adult animals. Thus, no evidence of sensitivity of the young was observed 
in these reproduction toxicity studies.  
 
The neurotoxic potential of glyphosate was investigated in acute and 90-day oral neurotoxicity 
studies in rats. In the acute oral (gavage) neurotoxicity study, decreased motor activity was 
observed in females on the first day of dosing. An increased incidence of reduced splay reflex 
and decreased motor activity in males was observed along with other findings (decreased 
activity, subdued behaviour, hunched posture, pinched in sides, tip-toe gait, hypothermia, 
abnormal respiratory noise, diarrhea, and a single mortality in females) at a dose level that was 
two-fold greater than the limit dose. In the 90-day dietary neurotoxicity study, decreased body-
weight gain and food efficiency were noted in males. In the high-dose group, decreased body 
weight and an increased incidence of decreased pupillary response to light were observed in 
males. Decreased body-weight gain and motor activity on week 5 were observed in females of 
the high-dose group. Overall, findings in both acute and short-term neurotoxicity studies were 
considered to reflect systemic/general toxicity rather than evidence of selective neurotoxicity.  
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In a 28-day immunotoxicity study, dose-related increased T-cell dependent antibody response 
and total spleen activity were observed in the test animals. In addition, a non-dose related 
increase in spleen cellularity was noted. Although this test was designed to examine 
immunosuppression, an altered function of the immune system could not be ruled out.  
 
Epidemiology  
 
A number of published epidemiology studies were reviewed for incorporation into the hazard 
assessment of glyphosate, which included the subset of epidemiological information considered 
by the WHO (IARC) in their summary report for glyphosate. However, the majority lacked 
adequate characterization of glyphosate exposure, rendering them of limited use for 
supplementing the hazard assessment. A prospective cohort study of licensed pesticide 
applicators in Iowa and North Carolina, known as the Agricultural Health Study, examined the 
relationship between glyphosate exposure and cancer incidence. The most relevant finding in this 
study was the suggested association between multiple myeloma and glyphosate exposure. 
However, a number of confounding factors (for example, the lack of consideration of exposure to 
UV radiation from sunlight) rendered these findings inconclusive and chance occurrence could 
not be ruled out. The study investigators also indicated that this association required additional 
follow-up. 
 
Cancer Assessment 
 
In consideration of the strength and limitations of the large body of information on glyphosate, 
which included multiple short and long term (lifetime) animal toxicity studies, numerous in vivo 
and in vitro genotoxicity assays, as well as the large body of epidemiological information, the 
overall weight of evidence indicates that glyphosate is unlikely to pose a human cancer risk. This 
is consistent with all other pesticide regulatory authorities world-wide, including the most recent, 
ongoing comprehensive re-evaluation by Germany (Rapporteur Member State for the European 
Union) that was published for public consultation in 2014 (http://dar.efsa.europa.eu/dar-
web/provision). 
 
Toxicity Studies on the Metabolite Aminomethylphosphonic Acid 
 
In a single dose metabolism study with radiolabelled metabolite aminomethylphosphonic acid 
(AMPA), absorption was incomplete. Small quantities of AMPA were recovered in most tissues, 
with the highest percent detected in the muscle and the GI tract. Over 90% of the AD was 
excreted as unchanged AMPA, indicating that AMPA was not further metabolized. Most of the 
excretion occurred via feces compared to urine. Overall, this study showed that AMPA 
possessed metabolic patterns that were similar to those of its parent compound, glyphosate.  
 
AMPA was of low acute oral and dermal toxicity in the rat. AMPA was neither a dermal irritant 
in rabbits nor a dermal sensitizer in guinea pigs. It was minimally irritating to rabbit eyes. 
 
In a 90-day oral study in rats, decreased liver weights were observed in males. An increased 
incidence and severity of mucosal hyperplasia of the bladder was also observed at a dose level 
greater the limit dose. Decreased body weight, and body-weight gain were observed in males.  
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An increased incidence of renal pelvic epithelial hyperplasia was observed at a dose that was 
about five-fold greater than the limit dose. In a supplemental oral 90-day study in rats, a slight 
reduction in body-weight gain in females and a slight increase in kidney weights in males were 
observed at the limit dose.  
 
In a 30-day oral study in dogs, decreased red blood cell counts, hemoglobin concentration, and 
hematocrit levels were noted in females in all dose groups and in the high-dose group in males. 
Increased reticulocyte counts also accompanied these effects. However, in a 90-day oral study in 
dogs, no toxicity was observed at similar dose levels.  
 
AMPA tested negative for gene mutation tests in bacteria and mammalian lymphoma cell lines 
and also tested negative in mouse micronucleus and unscheduled DNA synthesis assays. 
 
In a gavage developmental toxicity study in rats, increased incidences of hair loss and soft and 
mucoid feces were noted in dams. Decreased body weight, body-weight gain and food 
consumption was observed at the limit dose of testing. Developmental toxicity included 
decreased body weight at the limit dose. No evidence of the sensitivity of the young was 
observed in this study. In a supplemental developmental toxicity study, no maternal toxicity was 
noted. Developmental toxicity included increased incidences of reduced ossification and skeletal 
variations.  
 
Overall, based on the available toxicity studies, AMPA was considered of no greater 
toxicological concern than glyphosate. Although no repeated dose toxicity studies were available 
for glyphosate metabolites resulting from genetically modified organism (GMO) crops (in other 
words, N-acetylglyphosate and N-acetyl AMPA), these metabolites were not considered to be of 
a greater toxicological concern than the parent compound, glyphosate, based on a European Food 
Safety Authority assessment. In summary, glyphosate toxicology endpoints were considered 
adequate for the risk assessment of AMPA and the acetylated metabolites of glyphosate.  
 
Results of the toxicology studies conducted on laboratory animals with glyphosate and AMPA 
are summarized in Table 1A and Table 1B of Appendix III, respectively. The toxicology 
endpoints for use in the human health risk assessment are summarized in Table 2 of  
Appendix III. 
 
Pest Control Products Act Hazard Characterization 
 
For assessing risks from potential residues in food or from products used in or around homes or 
schools, the Pest Control Products Act requires the application of an additional 10-fold factor to 
threshold effects to take into account the completeness of the data with respect to the exposure  
of and toxicity to infants and children, and potential prenatal and postnatal toxicity. A different 
factor may be determined to be appropriate on the basis of reliable scientific data.  
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With respect to completeness of the toxicity database as it pertains to the toxicity to infants and 
children, the database contains several studies for each type of required guideline study including 
developmental toxicity studies in rats and rabbits, and two-generation reproduction toxicity 
studies in rats. In addition, applicable studies from the published scientific literature were 
considered, including reviews of studies that were submitted to the European Union Glyphosate 
Task Force.  
 
With respect to identified concerns relevant to the assessment of risk to infants and children,  
the two-generation reproduction toxicity studies in rats provided no indication of increased 
sensitivity of the young. In these studies, offspring toxicity commonly consisted of decreased 
body weight observed at dose levels that produced toxicity to the adult animals. In addition, the 
prenatal developmental toxicity studies in rats did not demonstrate increased sensitivity of the 
fetuses to in utero exposure of glyphosate. In these studies, decreased fetal weights and number 
of viable fetus/dam, in addition to developmental abnormalities (absent kidneys and ureters, 
skeletal variants, wavy ribs, a single incidence of hydroureter) were observed at dose levels that 
reached or exceeded the limit dose and produced moderate to severe toxicity in maternal 
animals.  
 
In developmental toxicity studies in the rabbits, there was no observed increase in susceptibility 
of the fetuses to in utero exposure of glyphosate. In these studies, an increased incidence of 
reduced ossification at various sites was commonly noted at dose levels that produced maternal 
toxicity. In one of these studies, an increased incidence of fetal cardiovascular malformations, 
comprised mainly of interventricular septal defects, was noted in the presence of maternal 
toxicity at the highest dose tested.  
 
Overall, the endpoints in the young were well characterized. The increased incidence of fetal 
cardiovascular malformations noted in a rabbit developmental toxicity study was considered a 
serious endpoint. However, the concern regarding the serious nature of this effect was tempered 
by the presence of maternal toxicity at the same and lower dose levels in this study. Therefore, 
the Pest Control Products Act factor was reduced to three-fold when this endpoint was used to 
establish the point of departure. For all other scenarios, the Pest Control Products Act factor was 
reduced to one-fold since there were no residual uncertainties with respect to the completeness of 
the data, or with respect to potential toxicity to infants and children. 
 
3.2 Dietary Exposure and Risk Assessment 
 
In a dietary exposure assessment, the PMRA determines how much of a pesticide residue, 
including residues in milk and meat, may be ingested with the daily diet. Exposure to glyphosate 
from potentially treated imported foods is also included in the assessment. These dietary 
assessments are age specific and incorporate the different eating habits of the population at 
various stages of life (infants, children, adolescents, adults and seniors). For example, the 
assessments take into account differences in children’s eating patterns, such as food preferences 
and the greater consumption of food relative to their body weight when compared to adults. 
Dietary risk is then determined by the combination of the exposure and the toxicity assessments. 
High toxicity may not indicate high risk if the exposure is low. Similarly, there may be risk from 
a pesticide with low toxicity if the exposure is high. 
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The PMRA considers limiting use of a pesticide when risk exceeds 100% of the reference dose. 
The PMRA Science Policy Note SPN2003-03, Assessing Exposure from Pesticides, A User’s 
Guide, presents detailed acute, chronic and cancer-risk assessment procedures. 
 
Residue estimates used in the dietary risk assessment may be based conservatively (in other 
words, use upperbound estimates) on the maximum residue limits (MRLs) or the field trial data 
representing the residues that may remain on food after treatment at the maximum label rate. 
Surveillance data representative of the national food supply may also be used to derive a more 
accurate estimate of residues that may remain on food when it is purchased. These include the 
Canadian Food Inspection Agency (CFIA) National Chemical Residue Monitoring Program and 
the United States Department of Agriculture Pesticide Data Program (USDA PDP). Specific and 
empirical processing factors as well as specific information regarding percent of crops treated 
may also be incorporated to the greatest extent possible. 
 
In situations where the need to mitigate dietary exposure has been identified, the following 
options are considered. Dietary exposure from Canadian agricultural uses can be mitigated 
through changes in the use pattern. Revisions of the use pattern may include such actions as 
reducing the application rate or the number of seasonal applications, establishing longer  
pre-harvest intervals (PHIs), and/or removing uses from the label. In order to quantify the impact 
of such measures, new residue chemistry studies that reflect the revised use pattern would be 
required. These data would also be required in order to amend MRLs to the appropriate level. 
Imported commodities that have been treated also contribute to the dietary exposure and are 
routinely considered in the risk assessment. The mitigation of dietary exposure that may arise 
from treated imports is generally achieved through the amendment or specification of MRLs. 
 
Acute and chronic exposure and risk assessments were conducted using the Dietary Exposure 
Evaluation Model – Food Commodity Intake DatabaseTM (DEEM-FCIDTM, Version 2.14), which 
incorporates consumption data from the United States Department of Agriculture (USDA) 
Continuing Surveys of Food Intakes by Individuals (CSFII) from 1994 to 1996 and 1998. For 
more information on dietary risk estimates or residue chemistry information used in the dietary 
assessment, see Appendices IV, V and VI. 
 
3.2.1 Determination of Acute Reference Dose 
 
General Population (Excluding Females 13-49 Years of Age) 
 
To estimate acute dietary risk (one day), a rabbit developmental toxicity study with a no 
observed adverse effect level (NOAEL) of 100 mg/kg bw/day was selected for risk assessment. 
An increased incidence of soft stools and diarrhea was observed immediately following the start  
of dosing at 175 mg/kg bw/day. Standard uncertainty factors of 10-fold for interspecies 
extrapolation and 10-fold for intraspecies variability were applied. The Pest Control Products 
Act factor was reduced to one-fold for the reasons outlined in the Pest Control Products Act 
Hazard Characterization section. Therefore, the composite assessment factor (CAF) is 100.  
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The ARfD is calculated according to the following formula:  
 
ARfD = NOAEL = 100 mg/kg bw/day = 1.0 mg/kg bw of glyphosate  
 CAF  100 
 
Females 13-49 years of age  
 
To estimate acute dietary risk (one day) for females 13-49 years of age, a rabbit developmental 
toxicity study with a NOAEL of 150 mg/kg bw/day was selected for risk assessment. An 
increased incidence of cardiovascular malformations was observed at 450 mg/kg bw/day. 
Standard uncertainty factors of 10-fold for interspecies extrapolation and 10-fold for intraspecies 
variability were applied. The Pest Control Products Act factor was reduced to three-fold for the 
reasons outlined in the Pest Control Products Act Hazard Characterization section. Therefore, 
the composite assessment factor (CAF) is 300.  
 
The ARfD is calculated according to the following formula:  
 
ARfD = NOAEL = 150 mg/kg bw/day = 0.5 mg/kg bw of glyphosate  
 CAF 300 
 
3.2.2 Acute Dietary Exposure and Risk Assessment 
 
The acute dietary risk was calculated considering the highest ingestion of glyphosate that would 
be likely on any one day, and using food consumption and food residue values. The expected 
intake of residues is compared to the ARfD, which is the dose at which an individual could be 
exposed on any given day and expect no adverse health effects. When the expected intake of 
residues is less than the ARfD, then acute dietary exposure is not of concern. 
 
The acute dietary exposure assessments were conducted for the acid form of glyphosate 
(including all the metabolites comprised in the residue definition), which is considered to be  
the common moiety for all currently registered forms of glyphosate.  
 
Following the PMRA’s tiered approach, basic (in other words, upperbound) exposure 
assessments were performed for females 13-49 years old and all other population subgroups by 
using MRL/tolerance-level residues for all commodities, default processing factors and assuming 
that all crops were 100% treated. Canadian MRLs, United States tolerances or Codex MRLs, 
whichever was greater, were used for all crops, including imports. Drinking water contribution  
to the exposure was accounted for by direct incorporation of the appropriately estimated 
environmental concentration (EEC), obtained from water modelling (see Section 3.3.1), into the 
dietary exposure evaluation model. 
 
The acute exposure estimate at the 95th percentile for females 13-49 years old is 31% of the 
ARfD and therefore is not of concern. Acute exposure estimates at the 95th percentile for 
population subgroups other than females 13-49 years old range from 12% to 45% of the ARfD 
and therefore are also not of concern. 
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3.2.3 Determination of Acceptable Daily Intake  
 
To estimate dietary risk of long-term exposure, the 26-month chronic toxicity and 
carcinogenicity study in rats with a NOAEL of 32/34 mg/kg bw/day was selected for risk 
assessment. No treatment-related effects were noted in this study. This was the highest 
(combined) NOAEL for the long-term toxicity studies in rats. The lowest (combined) LOAEL 
was 100 mg/kg bw/day, based on reduction in body weight in male rats in the interim 
sacrifice and increased incidences and severity of cellular alterations in the parotid and 
submandibular glands in a 24-month chronic toxicity and carcinogenicity study in rats. These 
NOAELs/LOAELs were further supported by the NOAEL of 30 and the lowest observed adverse 
effect level (LOAEL) of 100 mg/kg bw/day in one-year studies in dogs. Standard uncertainty 
factors of 10-fold for interspecies extrapolation and 10-fold for intra-species variability were 
applied. The Pest Control Products Act was reduced to one-fold for the reasons outlined in the 
Pest Control Products Act Hazard Characterization section. Therefore, the CAF is 100. 
 
The ADI is calculated according to following formula:  
 
ADI = NOAEL = 32 mg/kg bw/day = 0.3 mg/kg bw/day of glyphosate 


CAF 100 
 
This ADI provides a margin of 500 to the NOAEL of 150 mg/kg bw/day for the fetal 
cardiovascular malformations in the rabbit developmental toxicity study.  
 
3.2.4 Chronic Dietary Exposure and Risk Assessment 
 
The chronic dietary risk was calculated by using the average consumption of different foods and 
the average residue values on those foods. This expected intake of residues was then compared  
to the ADI. When the expected intake of residues is less than the ADI, then chronic dietary 
exposure is not of concern. 
 
The chronic dietary exposure assessments were conducted for the acid form of glyphosate 
(including all the metabolites comprised in the residue definition), which is considered to be the 
common moiety for all currently registered forms of glyphosate.  
 
Following the PMRA’s tiered approach, basic (in other words, upperbound) exposure 
assessments were performed for the general population and all population subgroups by using 
MRL/tolerance-level residues for all commodities, default processing factors and assuming that 
all crops were 100% treated. Canadian MRLs, US tolerances or Codex MRLs, whichever was 
greater, were used for all crops, including imports. Drinking water contribution to the exposure 
was accounted for by direct incorporation of the appropriate EEC, obtained from water 
modelling (see Section 3.3.1), into the dietary exposure evaluation model. 
 
The chronic exposure estimate for the general population is 30% of the ADI and, therefore, is not 
of concern. Exposure estimates for population subgroups range from 20% to 70% of the ADI 
and, therefore, are not of concern. 
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3.3 Exposure from Drinking Water 
 
Residues of glyphosate and its metabolite aminomethylphosphonic acid (AMPA) in potential 
drinking water sources were estimated from modelling. 
 
3.3.1 Concentrations in Drinking Water 
 
Drinking water EECs of combined residues of glyphosate and its transformation product AMPA 
in potential sources of drinking water were calculated using PRZM/EXAMS models for a small 
reservoir. EECs in groundwater were not calculated as leaching to groundwater was not detected. 
Most scenarios were run using 50-year weather data. Level 2 (refined) surface water modelling 
was carried out with nine scenarios across Canada to reflect typical crop uses, application rates 
and timing and application methods. The highest surface water reservoir daily peak EEC value of 
0.267 ppm and yearly average EEC value of 0.197 ppm for combined residues of glyphosate and 
AMPA (please refer to Appendix XI, Table XI.7) were used in the acute and the chronic dietary 
exposure assessments, respectively. 
 
3.3.2 Drinking Water Exposure and Risk Assessment 
 
Drinking water exposure estimates were combined with food exposure estimates, with EEC point 
estimates incorporated directly in the dietary (food + drinking water) assessments. Please refer to 
Sections 3.2.2 and 3.2.4 for details. 
 
3.4 Occupational and Non-Occupational Exposure and Risk Assessment 
 
For the purpose of this assessment, information was summarized for glyphosate and each of the 
five salt forms. This integration of information was based on the fact that the majority of use 
patterns among the salt forms are similar and that although variations exist in terms of the range 
of use sites and rates of applications, these differences are limited.  
 
Occupational and non-occupational risk is estimated by comparing potential exposures with the 
most relevant endpoint from toxicology studies to calculate a margin of exposure (MOE). This  
is compared to a target MOE incorporating uncertainty factors protective of the most sensitive 
subpopulation. If the calculated MOE is less than the target MOE, it does not necessarily mean 
that exposure will result in adverse effects, but mitigation measures to reduce risk would be 
required. 
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3.4.1 Toxicology Endpoint Selection for Occupational and Non-Occupational Risk 


Assessment 
 
Incidental Oral, Short-term Dermal and Inhalation Routes 
For incidental oral and occupational/bystander risk assessments for short-term dermal and 
inhalation routes, a 90-day oral study in rats was selected. A NOAEL was not established in 
this study. The LOAEL was 30 mg/kg bw/day based on an increased incidence and severity of 
cellular alteration in the parotid gland. This LOAEL was considered to be at the threshold of 
toxicological adversity due to the mild nature of the cellular alteration in the parotid glands at 
this dose level. As a result, an uncertainty factor (UFL) for extrapolating from a LOAEL to a 
NOAEL was not deemed necessary. Standard uncertainty factors of 10-fold for interspecies 
extrapolation and 10-fold for intraspecies variability were applied. Therefore, the target Margin 
of Exposure (MOE) is 100. 
 
Intermediate- and Long-term Dermal and Inhalation Routes 
 
For occupational/bystander risk assessments for intermediate- and long-term and dermal 
and inhalation routes, the 26-month chronic toxicity and carcinogenicity study in rats with a 
NOAEL of 32/34 mg/kg bw/day was selected for risk assessment. No treatment-related effects 
were noted in this study. This was the highest (combined) NOAEL for the long-term toxicity 
studies in rats. The lowest (combined) LOAEL was 100 mg/kg bw/day based on reduction  
in body weight in male rats in the interim sacrifice and increased incidences and severity of  
cellular alterations in the parotid and submandibular glands in a 24-month chronic toxicity and 
carcinogenicity study in rats. These NOAELS/LOAELS were further supported by the NOAEL 
of 30 and LOAEL of 100 mg/kg bw/day in one-year studies in dogs. Standard uncertainty factors 
of 10-fold for interspecies extrapolation and 10-fold for intraspecies variability were applied. 
Therefore, the target Margin of Exposure (MOE) is 100.  
 
Dermal Absorption 
 
Based on a chemical-specific in vivo dermal absorption study, a dermal absorption factor of 4% 
was determined for the exposure assessment of glyphosate. 
 
3.4.2 Occupational Exposure and Risk Assessment 
Workers can be exposed to glyphosate through mixing, loading, or applying the pesticide, and 
when entering a treated site to conduct activities such as scouting.  
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Mixer, Loader, and Applicator Exposure and Risk Assessment 
 
There are potential exposures to mixers, loaders and applicators. The following scenarios were 
assessed: 
 
•  Mixing/loading liquids. 
•  Liquid groundboom, aerial, airblast, mechanically pressurized handgun, backpack, roller, 


wick and other wiper implements, cut stump, right-of-way (ROW) sprayer, and injection 
application to trees.  


•  Injection application of pastes (pre-loaded cartridges) to trees. 
 
Based on the number of applications and the timing of application, workers applying glyphosate 
would generally have a short (< 30 days) duration of exposure. Custom applicators may also 
have intermediate-term (in other words, up to several months) exposure for those crops with 
multiple applications. Injection applications to trees can occur year-round (except when the barks 
of trees are frozen), so exposure in these scenarios can be long-term.  
 
Handler exposure was estimated based on the following personal protection:  
 
Baseline PPE:   Long sleeved shirt, long pants and chemical-resistant gloves (unless 


otherwise specified). For groundboom application, this scenario does not 
include gloves as the data quality was better for non-gloved scenarios 
than gloved scenarios.  


 
Dermal and inhalation exposures were estimated using data from the Pesticide Handlers 
Exposure Database (PHED), Version 1.1. The PHED is a compilation of generic mixer/loader 
applicator passive dosimetry data with associated software that facilitates the generation of 
scenario-specific exposure estimates based on formulation type, application equipment, mix/load 
systems and level of personal protective equipment (PPE). 
 
Glyphosate is registered for cut stump applications for which no PHED scenario exists. It was 
assumed that exposure from mixing/loading and applying glyphosate by a manually pressurized 
handwand would be comparable to the squirt bottle method used for cut stump applications.  
 
Glyphosate is registered for tree injection applications for which no PHED scenario exists. For 
this scenario, the mixing and loading (liquid) scenario was used to estimate exposure of 
preparing the solution and loading the cartridges. Applicator exposure is expected to be minimal 
as activities are conducted in a closed system. It was assumed that this scenario would be 
protective of the preloaded paste cartridges scenario, as exposure during mixing and loading the 
liquid solution would be higher.  
 
Glyphosate is not applied by hose-end spray or low-pressure nozzle gun sprayer connected to  
a truck. Therefore, these application equipment types were not assessed in the applicator risk 
assessment. 
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Mixer/loader/applicator exposure estimates are based on the best available data at this time. 
Route-specific MOEs for mixer/loader and applicators for agricultural crops, commercial and 
recreational areas are outlined in Appendix VII, Tables 1 and 2. Calculated dermal, inhalation, 
and combined (total exposure from dermal and inhalation routes) MOEs for mixer/loaders and 
applicators of glyphosate exceeded target MOEs for all uses and are not of concern.  
 
Postapplication Worker Exposure and Risk Assessment 
 
The postapplication occupational risk assessment considered exposures to workers who enter 
treated sites to conduct agronomic activities involving foliar contact (for example, scouting). 
Based on the glyphosate use pattern, there is potential for short-term (< 30 days) postapplication 
exposure to glyphosate residues for workers.  
 
Activity-specific transfer coefficients (TCs) from the Agricultural Re-entry Task Force (ARTF) 
were used to estimate postapplication exposure resulting from contact with treated turf and 
foliage at various times after application. A TC is a factor that relates worker exposure to 
dislodgeable residues. TCs are specific to a given crop and activity combination (for example, 
hand harvesting apples, scouting late season corn) and reflect standard clothing worn by adult 
workers. Postapplication exposure activities include (but are not limited to): scouting, weeding, 
and transplanting. 
 
As glyphosate is a non-selective herbicide, applications are usually made in the dormant season 
or prior to planting. If application is required when the crop is developing, sprays are directed 
between rows, and shields, wipers and rollers are used to prevent crop damage. In this case, it is 
unlikely that there will be significant residues on the foliage of these crops to which workers 
could come into contact when performing various postapplication activities. However, some 
activities, such as scouting and irrigation, may result in contact with treated foliage. Therefore, 
these postapplication activities were assessed. 
 
Dislodgeable foliar residue (DFR) and turf transferrable residues (TTR) refer to the amount of 
residue that can be dislodged or transferred from a surface, such as the leaves of a plant or 
turf. There were no chemical-specific DFR or TTR studies submitted to the PMRA for the re-
evaluation of glyphosate; therefore the following defaults were used: 
 


• A default peak value of 25% of the application rate with a dissipation rate of 10% per day 
was used for DFR. 


• A default peak value of 1% of the application rate with a dissipation rate of 10% per day 
was used for TTR. 


For workers entering a treated site, restricted entry intervals (REIs) are calculated to determine 
the minimum length of time required before people can safely enter after application. An REI is 
the duration of time that must elapse before residues decline to a level where performance of a 
specific activity results in exposures above the target MOE. 
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The PMRA is primarily concerned with the potential for dermal exposure for workers 
performing postapplication activities in crops treated with a foliar spray. Based on the vapour 
pressure of glyphosate, inhalation exposure is not likely to be of concern provided that the 
minimum 12-hour REI is followed. 
 
Calculated dermal MOEs for worker postapplication exposure to glyphosate in commercial crops 
exceeded target MOEs and are not of concern. REIs were set at the standard minimum value of 
12 hours for all postapplication activities. The postapplication exposure assessment is outlined in 
Appendix VII, Table 3. 
 
3.4.3 Non-Occupational Exposure and Risk Assessment 
 
Non-occupational risk assessment involves estimating risks to the general population, including 
youth and children, during or after pesticide application. 
 
The United States Environmental Protection Agency (USEPA) has generated standard  
default assumptions for developing residential exposure assessments for both applicator and 
postapplication exposures when chemical- and/or site-specific field data are limited. These 
assumptions may be used in the absence of, or as a supplement to, chemical- and/or site-specific 
data and generally result in high-end estimates of exposure. These assumptions are outlined in 
the Standard Operating Procedures (SOPs) for Residential Pesticide Exposure Assessments 
(2012). The following sections from the Residential SOPs were used to assess residential 
exposure to glyphosate: 
 


• Section 3: Lawns and Turf 
• Section 4: Gardens and Trees 


Residential Handler Exposure and Risk Assessment 
 
A residential applicator would be an adult who purchased a domestic-class glyphosate product 
for outdoor residential use.  
 
Residential applicators are assumed to be wearing shorts, short-sleeved shirts, shoes and socks. 
Based on label directions, domestic-class glyphosate products are assumed to be applied two 
times per year (with a seven-day interval); therefore they would have potential for short-term  
(1-30 days) exposure during application to lawns or turf.  
 
Domestic-class glyphosate products are available in both liquid and tablet (water soluble) 
formulations. For tablet formulations, the label instructs the handler to open the tablet packages 
and, without touching the tablets, drop them directly into water to dissolve. This would result  
in minimal handler exposure to the tablet itself. Thus, the tablet formulation was not assessed 
separately, as it was assumed that the risk assessment for the liquid formulation, which has a 
higher level of exposure, would be protective of exposure from the tablet formulation.  
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Based on the typical use pattern, the major scenarios identified were: 


• mixing and loading liquids 
• mixing and loading of water soluble tablets 
• manually pressurized handwand, backpack and sprinkler (liquid) application to lawns and 


turf and gardens and trees 
• ready-to-use sprayer application to lawns and turf, and gardens and trees 


Calculated dermal, inhalation, and combined (total exposure from dermal and inhalation routes) 
MOEs for residential handler exposure to glyphosate exceeded target MOEs and are not of 
concern. The residential handler risk assessment is outlined in Appendix VIII, Table 1. 
 
Residential Postapplication Exposure and Risk Assessment 
 
Residential postapplication exposure refers to an exposure scenario in which an individual is 
exposed through dermal, inhalation, and/or incidental oral (non-dietary ingestion) routes as a 
result of being in a residential environment that has been previously treated with a pesticide.  
The area could have been treated by a residential applicator using a domestic-class product or a 
commercial applicator hired to treat the residential area. 
 
There is potential for short-term exposure to adults, youth (11 to < 16 years old), and children  
(6 to < 11 years old and 1 to < 2 years old) through contact with transferable residues following 
commercial applications of glyphosate to turf, as well as following domestic applications of 
glyphosate to lawns and turf. Adults, youth and children have the potential for postapplication 
dermal exposure; children (1 to < 2 years old) also have the potential for incidental oral 
exposure. As the use rate of domestic class products is greater than the commercial use rate  
for residential settings, the postapplication assessment for products applied by a residential 
applicator is protective of the postapplication exposure to homeowners, youth and children after 
a commercial application of glyphosate to turf. 
 
The following scenarios were assessed for the postapplication exposure to glyphosate: 


• Lawns and Turf 
o Adults, youth, and children (1 to < 2 years old) dermal exposure resulting from 


activities on turf 
o Adult and youth dermal exposure resulting from mowing 
o Adult, youth and children (6 to < 11 years old) dermal exposure resulting from 


golfing 
o Children (1 to < 2 years old) incidental oral exposure 


As per label directions, glyphosate can be applied twice per year (with a seven-day interval). 
This assumption was taken into consideration when determining postapplication risk.  
 
The PMRA is primarily concerned with the potential for dermal exposure for homeowners 
performing postapplication activities in treated residential areas. Non-dietary ingestion of soil 
was not assessed as glyphosate becomes inactive once in the soil. 
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Postapplication dermal exposure using activity-specific TCs was calculated using estimates  
for foliar residue, leaf-to-skin residue transfer for individuals contacting treated foliage during 
certain activities, and exposure time. A TC is a factor that relates exposure to dislodgeable 
residues. It is the amount of treated surface that a person contacts while performing activities  
in a given period (usually expressed in units of cm2 per hour) and is specific to a particular 
population.  
 
For the residential postapplication assessment of glyphosate, transfer coefficients were derived in 
the Residential SOPs for activities conducted on turf, such as mowing and golfing.  
 
Calculated dermal MOEs for residential postapplication exposure, golf and incidental  
oral exposure to glyphosate exceeded target MOEs and are not of concern. The residential  
postapplication risk assessment is outlined in Appendix VIII, Tables 2-5.  
 
Exposure to homeowners who apply glyphosate and conduct postapplication activities in treated 
areas, along with potential dietary exposure, are considered in Section 3.5 – Aggregate Exposure 
and Risk Assessment. 
 
Dermal Bystander Exposure and Risk Assessment 
 
There is potential for short-term exposure to glyphosate for adults, youth (11 to < 16 years old) 
and children (6 to < 11 years old) by entry into treated non-cropland areas (in other words, hiking 
through forests or parks that have recently been treated with glyphosate).  
 
Calculated dermal MOEs for bystander exposure to glyphosate exceeded target MOEs and are 
not of concern. Bystander exposure is outlined in Appendix VIII, Table 6. 
 
3.5 Aggregate Exposure and Risk Assessment 
 
Aggregate exposure is the total exposure to a single pesticide that may occur from food, drinking 
water, residential and other non-occupational sources, and from all known or plausible exposure 
routes (oral, dermal and inhalation). 
 
3.5.1 Toxicology Endpoint Selection for Aggregate Risk Assessment 
 
For aggregate risk assessment (all durations), the selected toxicological endpoint was the 
effect on salivary glands. Salivary glands were not examined in the dermal toxicity studies and a 
short-term inhalation study was not available. Effects on salivary glands could potentially result 
from exposure to glyphosate via inhalation or dermal routes, similar to the effects observed 
following oral exposure to glyphosate. Therefore, the most relevant study was the 26-month 
chronic toxicity and carcinogenicity study in rats with a NOAEL of 32/34 mg/kg bw/day. This 
was the highest (combined) NOAEL for the long-term toxicity studies in rats.  
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The lowest (combined) LOAEL was 100 mg/kg bw/day based on reduction in body weight in 
male rats in the interim sacrifice and increased incidences and severity of cellular alterations in 
the parotid and submandibular glands in a 24-month chronic toxicity and carcinogenicity study 
in rats. Standard uncertainty factors of 10-fold for interspecies extrapolation and 10-fold for 
intraspecies variability were applied. Therefore, the target Margin of Exposure (MOE) is 100.  
 
3.5.2 Residential and Non-Occupational Aggregate Exposure and Risk Assessment 
 
In an aggregate risk assessment, the combined potential risk associated with food, drinking water 
and various residential exposure pathways is assessed. A major consideration is the likelihood of 
co-occurences of exposure.  
 
For glyphosate, the following scenarios that were expected to co-occur are: 


• Inhalation and dermal exposure to homeowners (adults) applying glyphosate to lawns/turf 
+ postapplication dermal exposure (adults) performing activities in treated areas + 
chronic dietary (food and drinking water). 


• Postapplication dermal exposure (youth and children [6 to < 11 years old]) from 
performing postapplication activities in treated lawns/turf + chronic dietary (food and 
drinking water). 


• Postapplication dermal exposure (children 1 to < 2 years old) + incidental oral exposure 
(hand-to-mouth) from performing postapplication activities in treated lawns/turf + 
chronic dietary (food and drinking water). 


When conducting the aggregate exposure assessment, two applications (with a seven-day 
interval) at the highest rate were assumed. All calculated MOEs reached the target MOE except 
for the children (1 to < 2 years old) for the postapplication + incidental oral exposure + chronic 
dietary scenario. Therefore, dietary and non-dietary exposure refinements were required. 
 
The dietary exposure assessment used United States Tolerances or Codex MRLs whenever they 
happened to be greater than Canadian MRLs. However, domestic production and import 
statistics indicated that barley, oats and wheat consumed in Canada are almost totally produced 
in Canada (> 99%), with < 1% imported. Thus it was considered reasonable to use Canadian 
MRLs for these crops as a refinement in the calculation of the chronic dietary exposure estimates 
for the purpose of aggregation with residential exposure only, rather than the United States and 
Codex group tolerance of 30 ppm. The current Canadian MRLs in these cereal crops are as 
follows: barley (and barley flour) – 10 ppm, barley milling fractions (except flour) – 15 ppm, oat 
(and oat flour) – 15 ppm, oat milling fractions (except flour) – 35 ppm, wheat (and wheat flour) – 
5 ppm, and wheat milling fraction (except flour) – 15 ppm. 
 
In addition, assuming two applications (with a seven-day interval) at the maximum application 
rate is a highly conservative exposure assumption, as it is unlikely that children would be 
exposed to turf residues of the highest rate, at the lowest interval of application immediately after 
application. Therefore, a refinement using one application of glyphosate along with a seven-day 
time-weighted TTR average was used (the average resides of glyphosate were calculated over a 
seven-day span) for the entire aggregate assessment for all populations.  
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Using these refinements, all calculated MOEs exceeded the target MOE and are not of concern. 
The aggregate exposure estimates from residential scenarios are presented in Appendix IX, 
Table 1.  
 
3.6 Polyethoxylated Tallow Amines  
 
Polyethoxylated tallow amines (POEA) is a family of several compounds that are used as 
surfactants in many glyphosate products registered in Canada. In 2010, the USEPA completed  
a human health risk assessment for phosphate ester, tallowamine, ethoxylated (ATAE), which  
is a subfamily of POEA (PMRA #2439855). The USEPA currently uses this assessment as the 
basis for the approval of POEA. The USEPA assessment is considered to be applicable to  
the Canadian exposure profile and can be relied upon by PMRA to evaluate POEA risks. This 
assessment was considered acceptable by the PMRA. 
 
The USEPA ATAE assessment was based on very conservative assumptions (for example,  
all crops treated at 100%, highest application rates and default values). Since exposures  
from all pesticidal sources of POEA need to be considered, the potential occupational,  
non-occupational and aggregate exposures from 57 highly used herbicides, fungicides and 
insecticides were evaluated. Given this approach, the POEA risk assessment and conclusions 
apply broadly to all pesticide products. 
 
No risks of concern were identified, provided end-use products contained no more than  
20% POEA by weight. All of the currently registered glyphosate end-use products in Canada 
meet this limit. 
 
In addition, no new toxicity data relevant to the hazard assessment of POEA were found 
following a search of the published scientific literature beyond that identified in the USEPA 
ATAE health risk assessment. As such, an updated risk assessment was not required. 
 
3.7 Incident Reports Related to Human Health  
 
Since 26 April 2007, registrants have been legally required to report incidents to the PMRA that 
include adverse effects to the health of Canadians and to the environment. Information about the 
reporting of pesticide incidents can be found on the PMRA website. Incident reports were 
searched and reviewed for the active ingredient glyphosate. As of January 2014, the PMRA had 
received 71 human and 167 domestic animal incident reports involving glyphosate.  
 
A total of 75 individuals were affected in the human incidents. In almost half of these incidents, 
the described effects were considered to be associated with the reported pesticide exposure. 
Major incident reports involving glyphosate occurred mainly in the United States as a result of 
accidental ingestion. Other highly acutely toxic active ingredients (such as diquat and paraquat) 
were also noted in these incidents. Therefore, any adverse effects could not be attributed 
specifically to glyphosate. Non-serious incidents, which included a prevalence of eye and skin 
irritation effects, occurred as a result of activities associated with application. Commercial class 
products were frequently identified in these incidents.  
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The domestic animal incidents involving glyphosate were mostly animal deaths that occurred 
in the United States. Overall, the reported symptoms in animals were clinical signs of 
toxicity such as vomiting. Contact with a treated area and ingestion of vegetation treated with a 
product containing glyphosate were commonly noted as activities leading to exposure in animal 
incidents. 
 
No label changes resulting from these incident reports are considered necessary at this time. 
 
4.0 Impact on the Environment 
 
The environmental assessment was conducted based on data and information from registrants as 
well as from other regulatory agencies. Additional relevant data from published and unpublished 
scientific literature and monitoring data from federal and provincial governments were also 
considered. 
 
4.1 Fate and Behaviour in the Environment 
 
The fate and behaviour data for glyphosate and its transformation products in terrestrial and 
aquatic environments are presented in Appendix X, Tables X.1 and X.2. 
 
Glyphosate enters the terrestrial environment when it is used as a herbicide in agriculture, 
forestry (site preparation) and non-cropland (right of ways and industrial sites). In the terrestrial 
environment, glyphosate is expected to be non-persistent to moderately persistent in aerobic soil 
(DT50 1.9-151 d), producing the major soil biotransformation product AMPA. Under anaerobic 
conditions (flooded soil), glyphosate is more readily bound to soil and less readily transformed. 
Phototransformation is not expected to be an important route of dissipation.  
 
Glyphosate has a low vapour pressure (1.3 × 10-7 Pa at 25ºC) and a low Henry’s law constant 
(2.1 × 10-9 Pa m3) and is not expected to volatilize under field conditions from water or moist 
soil. Glyphosate is very soluble in water (12 000 mg a.e./L). Under Canadian field conditions 
(agriculture and forestry), glyphosate generally remains in the upper soil horizons and is 
considered to be non-persistent to moderately persistent (DT50 ranging from 6 to 82 days). 
Adsorption/desorption studies, soil column leaching studies, soil thin layer chromatography 
(TLC) studies, ground water modelling, as well the criteria of Cohen et al. (1984) and the 
groundwater ubiquity score (GUS) all indicate that glyphosate has low mobility in soil, remains 
in the upper soil horizon and has a low potential to leach to groundwater. Detection of 
glyphosate in lower structured soil horizons (loams and clay loams) by several researchers is 
believed to be the result of preferential flow through macropores. Glyphosate is rarely detected 
in known drinking water sources and groundwater in Canada, further supporting the conclusion 
that glyphosate is unlikely to contaminate groundwater. In terrestrial environments, AMPA is 
produced mainly through soil biotransformation and is non-persistent to moderately persistent 
(DT50 2.1 to 107 days). 
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Glyphosate can enter aquatic environments through spray drift and runoff from the application 
site. Aerobic aquatic studies indicate that glyphosate dissipates rapidly from the water phase and 
partitions to sediment where transformation occurs more slowly (whole system DT50 7.1 to  
135 days). AMPA is the major transformation product produced. Hydrolysis (DT50 at 25ºC and 
pH 7 was estimated to be >162 days) and aquatic phototransformation (DT50 69 to 413 days at 
pH 7) of glyphosate are not important routes of dissipation. Under anaerobic conditions, 
glyphosate was non-persistent to persistent (DT50 7 to 208 days). 
 
In aerobic aquatic environments, AMPA is found in both water and sediment and is non-
persistent to moderately persistent (total system DT50 10 to 83.4 days). In the water column, 
AMPA partitions to the sediment where it is further transformed to CO2.  
 
The surfactant POEA is expected to be non-volatile, non-persistent in soil and water and 
immobile in soil and sediment. It is not likely to leach to groundwater due to rapid microbial 
transformation and strong adsorption to soil particles.  
 
Glyphosate and AMPA are not expected to bioaccumulate in aquatic and terrestrial organisms 
due to their low octanol-water partition coefficients. Certain surfactants found in glyphosate 
formulations, that are derived from POEA compounds (mixture of 100 discrete tertiary amine 
molecules) may have the potential for bioaccumulation. However, given that the components of 
these compounds are easily broken down and that they are not persistent in soil and water, 
significant bioaccumulation under field conditions is unlikely. 
 
4.2 Environmental Risk Characterization 
 
The environmental risk assessment integrates the environmental exposure and ecotoxicology 
information to estimate the potential for adverse effects on non-target species. This integration is 
achieved by comparing exposure concentrations with concentrations at which adverse effects 
occur. EECs are concentrations of pesticide in various environmental media, such as food, water, 
soil and air. The EECs are estimated using standard models which take into consideration the 
application rate(s), chemical properties and environmental fate properties, including the 
dissipation of the pesticide between applications. EECs are presented in Appendix X, Tables X.3 
to X.7. Ecotoxicology information includes acute and chronic toxicity data for various organisms 
or groups of organisms from both terrestrial and aquatic habitats including invertebrates, 
vertebrates and plants. Toxicity endpoints used in risk assessments may be adjusted to account 
for potential differences in species sensitivity as well as varying protection goals (in other words, 
protection at the community, population, or individual level). Summaries of toxicity data for both 
terrestrial and aquatic non-target organisms to glyphosate are presented in Appendix X, 
Tables X.8 to X.16.  
 
Initially, a screening level risk assessment is performed to identify pesticides and/or specific uses 
that do not pose a risk to non-target organisms, and to identify those groups of organisms for 
which there may be a potential risk. The screening level risk assessment uses simple methods, 
conservative exposure scenarios (for example, direct application at a maximum cumulative 
application rate) and sensitive toxicity endpoints. A risk quotient (RQ) is calculated by dividing 
the exposure estimate by an appropriate toxicity value (RQ = exposure/toxicity), and the risk 
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quotient is then compared to the level of concern (LOC). If the screening level risk quotient is 
below the level of concern, the risk is considered negligible and no further risk characterization 
is necessary. If the screening level risk quotient is equal to or greater than the level of concern, 
then a refined risk assessment is performed to further characterize the risk. A refined assessment 
takes into consideration more realistic exposure scenarios (such as drift to non-target habitats) 
and might consider different toxicity endpoints. Refinements may include further 
characterization of risk based on exposure modelling, monitoring data (Appendix XI), results 
from field or mesocosm studies, and probabilistic risk assessment methods. Refinements to the 
risk assessment may continue until the risk is adequately characterized or no further refinements 
are possible. Data derived from monitoring studies may also be used in refining a risk 
assessment. 
 
Where possible the analysis of toxicity data also includes the determination of the hazardous 
concentration to five percent of species (HC5) from species sensitivity distributions (SSDs) or 
determination of the most sensitive endpoint in each taxonomic group and category. The HC5  
is calculated for acute and chronic data sets using the LC50/EC50 values and no observed effect 
concentration (NOEC) values as appropriate (EC25 was also used for terrestrial plants when no 
other data was available). The HC5 is the concentration that is assumed to be protective for 
ninety-five percent of species of the assessed taxonomic group or assemblage as related  
to the assessment endpoint and ecological protection goal. At an EEC equal to the HC5,  
ninety-five percent of all species (within each taxonomic group) are not expected to be exposed 
to concentrations exceeding their threshold toxicity value (for example, LC50, NOEC).  
 
The software program ETX 2.0 was used with a log-logistic model to generate SSDs where 
sufficient toxicity endpoints were available for different taxa, using all available relevant 
information on toxicity. This reduces the uncertainty in risk estimates and provides endpoints 
that are scientifically robust as compared to single species toxicity test endpoints, as well as 
returning endpoints that are more ecologically relevant as compared to relying on the most 
sensitive species available. Median HC5 values are reported for SSDs and where possible are 
used to determine risk and mitigation measures. The variability in the data sets is indicated by 
the upper and lower bound HC5 estimates and the confidence limit of the fraction of species 
affected, which indicates the minimum and maximum percent of species that could be affected 
when exposed to the HC5 concentration. 
 
Where an HC5 value could not be determined due to insufficient species numbers or lack of 
model fit, etc., the most sensitive species endpoint was reported with the use of appropriate 
uncertainty factors. Where multiple data points are available for one species, a geometric  
mean was used to represent the sensitivity of the species. SSDs were determined for different 
glyphosate formulations, the transformation product AMPA and the formulant POEA for the 
following taxonomic groups (results are reported in Appendix X, Table X.17).  
 


• Terrestrial plants  
• Freshwater invertebrates, fish, algae, amphibians and aquatic plants  
• Marine fish, invertebrates and algae 
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4.2.1 Risks to Terrestrial Organisms 
 
Certain glyphosate formulations include the surfactant POEA, which has been shown to be toxic 
to aquatic organisms under laboratory conditions. For the environmental risk assessment, the 
technical grade active ingredient, transformation product AMPA, POEA and formulated end-use 
products were evaluated. Results for formulated end-use products were categorized into those 
products that contain POEA, those that do not and those for which information was not available 
to determine if they included POEA or not.  
 
Summaries of the toxicity data considered in this review are presented in Appendix X,  
Tables X.8 to X.16. For the assessment of risk, toxicity endpoints chosen from the most sensitive 
species or obtained from the SSD were used as surrogates for the wide range of species that can 
be potentially exposed following treatment with glyphosate. The terrestrial assessment took into 
account the range of agricultural application rates that are registered for glyphosate, taking into 
consideration that there may be multiple applications of glyphosate in a single-use season.  
 
All data sets were grouped by test material type including technical grade active ingredient 
(technical grade active ingredient, includes all forms of glyphosate actives), end-use products 
containing the surfactant POEA (EUP + POEA), end-use products that do not contain POEA 
(EUP NO POEA), POEA alone and the glyphosate transformation product AMPA. All toxicity 
values were normalized to acid equivalent (a.e.). 
 
Terrestrial Invertebrates 
 
Earthworms, Soil Beneficial Insects, Bees, Predators and Parasitic Arthropods 
 
Acute and chronic studies indicate that glyphosate is not toxic to earthworms and the resulting 
risk quotients based on the maximum application rate indicate that glyphosate is not expected to 
pose a risk to earthworms (Appendix X, Table X.18). A risk to the soil beneficial arthropod 
Folsomia candida was observed at the screening level (from in-field treatment), but refinement 
of the risk assessment based on drift including a soil deposition factor and also on field studies 
from scientific publications (not reported in tables) indicated arthropod populations would 
recover from exposure to glyphosate applied at the maximum rate in apple orchards and canola 
fields (Appendix X, Table X.18). 
 
Glyphosate is not acutely toxic (contact and oral) to adult bees and risk quotients indicate that 
glyphosate is not expected to pose a risk to adult bees (Appendix X, Table X.19). Chronic bee 
toxicity studies were not available for review; however, chronic effects are not expected based 
on the mode of action and the lack of effects in acute toxicity studies with adult bees (no 
sublethal effects or mortality at the highest test concentrations). Data on larval and brood toxicity 
were not available for review, however risks are not expected based on limited exposure (due to 
the mode of action of glyphosate), a lack of effects observed on adult bees and the lack of 
significant effects on other immature insects (chironomids and beneficial arthropods). This 
evidence, in combination with the absence of bee incident reports associated with the long 
history of use in Canada and foreign countries, indicates that glyphosate is unlikely to pose 
significant risks to honeybees for the proposed use pattern. 
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Under laboratory conditions, acute and chronic risks to predatory and parasitic arthropods  
were observed at the screening level (considering results from glass plate studies with both 
Typhlodromus pyri and Aphidius rhopalosiphi). Risk quotients also slightly exceeded the level  
of concern for T. pyri when considering results of extended laboratory conditions (leaf substrate) 
for apple, canola and potato uses (T. pyri, RQs = 1.9, 1.8 and 1.1 for apple, canola and potato 
uses, respectively). Refinement of the risk assessment and comparison with results obtained for 
other beneficial arthropods in recent scientific publications indicated that predator and parasitic 
arthropod populations would recover from exposure to glyphosate at the maximum rate of 
application in apple orchard and canola fields, respectively (7285 g a.e./ha and 6990 g a.e./ha) 
(Appendix X, Table X.19). 
 
Risk to Birds 
 
A tiered assessment of the risks to birds progressing from a conservative screening assessment to 
a more refined assessment was conducted. In the vast majority of studies, no toxic effects were 
reported. Consequently, a very conservative assessment was conducted using risk quotients 
generated using the highest concentration tested even though in all but one case, no toxic effects 
were observed. This assessment found only very small exceedences of the LOC and concluded 
that the risk to birds from acute oral, dietary and reproduction exposure to glyphosate and its 
formulations is expected to be low. 
 
The screening level risk quotients based on acute oral exposure of birds to glyphosate technical 
may slightly exceed the level of concern for small- and medium-sized birds (RQ < 1.9 and  
< 1.5 for small- and medium-sized birds, respectively). However, this is based on the maximum 
concentration tested and no adverse effects were observed. The screening level risk quotients for 
reproduction also slightly exceed the level of concern for all sizes of birds (RQs range from  
1.0 to 2.0) (Appendix X, Table X.20). Risks were further characterized by expanding the scope 
of the assessment to include other guilds, dietary exposure, mean residue levels and off-field 
exposure. Note that the acute oral LD50 and dietary LD50 values are greater than the highest 
doses tested, and the reproduction NOELs are the highest doses tested. Thus, the risk quotients 
are very conservative and may not reflect a true concern.  
 
Based on the crop and the type of equipment used, spray drift factors were applied to the in-field 
exposure values to obtain off-field exposure values. The product label specifies that the spray 
droplets must be at least coarse, based on the American Society of Agricultural Engineers 
(ASAE) classification. Consistent with the use pattern for apples considered in this assessment, 
for a coarse droplet size, the maximum spray drift deposition at one metre downwind from the 
point of application is 3% of the rate for field sprayer application to agricultural crops. In the 
refined assessment, risk quotients slightly exceed the level of concern for on-field exposure of 
small and medium insectivorous birds on an acute, dietary and reproduction basis (maximum and 
mean residues), and large herbivores on a dietary and reproduction basis (maximum residues 
only) (Appendix X, Table X.21).  
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For these groups, the risk quotients exceed the level of concern by only a small margin and most 
are “less than” values, which means that the level of concern may not actually be exceeded. The 
risk quotients for off-field exposure do not exceed the level of concern. It should be noted that 
none of the toxicity studies conducted with technical glyphosate resulted in measured toxic 
effects in birds.  
 
Screening-level estimated dietary exposure (EDE) values and RQ calculations for birds exposed 
to single applications of glyphosate formulations are presented in Appendix X, Table X.22. 
Based on acute oral exposure to glyphosate formulations, the screening level risk quotients 
exceed the level of concern for all sizes of birds (RQ = 1.6 to 3.1). The risk to birds from 
exposure to glyphosate formulations was further characterized by expanding the scope of the 
assessment to include other guilds, dietary exposure, mean residue levels as well as off-field 
exposure. In the refined risk assessment, for acute oral exposure of birds to glyphosate 
formulations, risk quotients exceed only the level of concern for small and medium insectivores 
(maximum residues RQ = 2.4 to 3.1, mean residue RQ = 1.7 to 2.2), and large herbivores 
(maximum residue RQ = 1.5 to 1.6) (Appendix X, Table 23). None of the dietary toxicity studies 
conducted with glyphosate formulations resulted in measured toxic effects in birds (the dietary 
LD50 values are greater than the highest doses tested), resulting in risk quotients for dietary 
exposure of birds to glyphosate formulations all having less than values (maximum residues  
RQ < 18.8 to < 0.7 and mean residues RQ < 13 to < 0.6) (Appendix X, Table X.23). The toxicity 
endpoints and associated risk quotients for dietary exposure are very conservative as they are 
based on an absence of effects. 
 
Bird toxicity studies indicate that acute oral exposure (gavage) to glyphosate formulations can 
result in effects (and some risk quotients exceeding the level of concern). However, dietary 
studies, which are more representative of the potential route of exposure in the environment (in 
other words, through contaminated food items) reported that no toxic effects were observed with 
exposure to dried residues of the formulation in the diet. The predominant route of exposure will 
be from ingestion of dried residues on food items. It should be noted, however, that exposure to 
the sprayed formulation, which could occur via preening if birds are sprayed directly or through 
spray drift, was not considered in this assessment. Thus, more weight is given to conclusions of 
the dietary assessment than to the acute oral assessment. Therefore, the risk to birds from acute 
oral, dietary and reproduction exposure to glyphosate and its formulations is expected to be  
low. The absence of incident reports for birds related to the use of glyphosate supports this 
conclusion. Bird hazard statements are not required on glyphosate product labels.  
 
Risk to Mammals 
 
Toxic effects were reported in only a few of the available studies conducted with mammals and 
these effects were observed only at very high doses. A tiered assessment of the risks to mammals 
progressing from a conservative screening assessment to a more refined assessment was 
conducted. This assessment found only very small exceedences of the LOC and concluded that 
the risk to mammals from acute oral and reproduction exposure to glyphosate and its 
formulations is expected to be low. 
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Screening level risk quotients exceed the level of concern for all sizes of mammals for acute  
oral exposure to glyphosate technical (RQ = 2.2 to 4.2) but did not exceed the level of concern 
for reproduction (RQ ≤ 0.9) (Appendix X, Table X.20). The risk to mammals from exposure to 
glyphosate technical was further characterized by expanding the scope of the assessment to 
include other guilds, dietary exposure, mean residue levels, off-field exposure as well as other 
endpoints. Eighteen acute oral glyphosate technical toxicity studies were available for mammals. 
Whereas a few studies measured effects at high doses, the majority indicated LD50 values greater 
than the highest dose tested. Based on the most sensitive endpoint for acute oral exposure, the 
risk quotients exceed the level of concern for on-field exposure of small insectivorous mammals 
when considering maximum (RQ = 2.2) and mean (RQ = 1.5) residues, medium-sized 
insectivorous and herbivorous mammals when considering maximum and mean residues 
(maximum residue RQ = 1.9 to 4.2 and mean residue RQ = 1.3 to 1.5) and large-sized 
insectivorous and herbivorous mammals when considering maximum residues only (RQ = 1.0 to 
2.3) (Appendix I, Table ). No risk quotients exceed the level of concern for off-field exposure. 
Given the range of toxicity values available, risk quotients were also calculated using the least 
sensitive acute oral endpoint for mammals. Based on an acute oral LD50 of 5600 mg/kg bw, risk 
quotients very slightly exceed the level of concern for on-field exposure of medium-sized 
herbivorous mammals exposed to maximum residues of glyphosate (RQ = 1.2) (Appendix X, 
Table X.24).  
 
Screening level acute oral exposure RQ values for glyphosate formulations exceed the level of 
concern for all sizes mammals (RQ = 5.7 to 11) (Appendix X, Table X.22). The risk to mammals 
from exposure to glyphosate formulations was further characterized by expanding the scope of 
the assessment to include other guilds, mean residue levels, off-field exposure as well as other 
endpoints. Fifty acute oral toxicity studies (based only on three distinct species) with glyphosate 
formulations were available for mammals. Eight of these studies measured effects at high doses, 
but the majority indicated LD50 values greater than the highest dose tested. Based on the most 
sensitive endpoint for acute oral exposure, the risk quotients exceed the level of concern for  
on field exposure of insectivorous and herbivorous mammals of all sizes (maximum residue RQ 
= 2.6 to 11, mean residue RQ = 1.2 to 3.9), and small and medium-sized frugivores (maximum 
residue RQ = 1.5 to 1.8) (Appendix I). Risk quotients for off-field exposure did not exceed the 
level of concern. Risk quotients were also calculated using the least sensitive acute oral endpoint. 
Based on an acute oral LD50 of > 4000 mg/kg bw, risk quotients do not exceed the level of 
concern for mammals of any size (RQs ≤ 0.5) (Appendix X, Table X.25).  
 
Overall, available data indicate that risks to mammals following acute oral exposure to 
glyphosate and its formulations are low. If any, acute risks to mammals would be restricted to 
on-field exposure of only a few guilds (herbivores and perhaps insectivores). No reproductive 
risks to mammals are expected from the use of glyphosate. This conclusion is supported by the 
absence of incident reports for mammals related to the use of glyphosate. Mammalian hazard 
statements are not required on glyphosate product labels. 
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Risk to Non-target Terrestrial Plants 
 
Glyphosate is a broad spectrum herbicide and as such toxicity to susceptible non-target plants is 
expected if exposed to sufficiently high concentration. The risk assessment for non-target 
terrestrial plants identified some areas of potential risk and consequently measures to minimize 
exposure to non-target plants are required. 
 
Based on EECs equal to the maximum cumulative application rates for the uses on apples, 
canola, corn and potatoes and the toxicity endpoints selected for seedling emergence (the most 
sensitive EC50) and vegetative vigour (the EC50 for formulation without POEA and HC5 of SSDs 
for formulations with POEA), all screening level risk quotients exceed the level of concern 
(Appendix X, Table X.26). The most sensitive terrestrial plant endpoint is the EC50 value of 
0.014 kg a.e./ha for the end-use product without POEA based on vegetative vigour. Cumulative 
application rates were calculated using a soil DT50 of 32.6 days for seedling emergence and a 
foliar DT50 of 14.4 days for vegetative vigour, to account for dissipation between applications. 
The risk to terrestrial vascular plants was further characterized by looking at off-field exposure 
from drift.  
 
For an ASAE coarse droplet size, the maximum spray drift deposition at one metre downwind 
from the point of application is 3% of the application rate for field sprayer application to 
agricultural crops and 17% for aerial application. Aerial application is registered for use on 
canola (pre-harvest), but not on apples, corn or potatoes. Based on the risk quotients using the 
off-field EECs from drift, the level of concern for terrestrial vascular plants is not exceeded for 
seedling emergence, but is exceeded for vegetative vigour in all cases, except for the use of 
formulations without POEA on potatoes (Appendix X, Table X.26). 
 
To protect non-target terrestrial vascular plants, spray buffer zones are required on glyphosate 
product labels, both those with and without the surfactant POEA (Appendix XII). 
 
Transformation Product (AMPA) 
 
Earthworms and birds were the only terrestrial organisms tested with the transformation product 
AMPA. The screening level risk quotients for acute and chronic exposure did not exceed the 
level of concern. Since AMPA is mainly formed in soils through biological processes, has a low 
log Kow (-2.36 to -1.63) and binds tightly to soil particles, exposure and risk to mammals and 
foliage dwelling arthropods is expected to be negligible. To date, no ecotoxicological incidents 
have been reported concerning AMPA. As such no additional studies are required at this time. 
 
Endocrine Disruption 
 
The USEPA Endocrine Disruptor Screening Program (EDSP) is a scientific program to screen 
pesticides, other chemicals, and environmental contaminants for substances having the potential 
to affect the estrogen, androgen or thyroid hormone systems. Glyphosate was included in the 
second EDSP List. The PMRA will consider the results of these screening tests as they become 
available. 
 
  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 37 


2185Appeal Book, Tab 29







 
4.2.2 Risks to Aquatic Organisms 
 
Glyphosate can enter water bodies and expose non-target aquatic organisms through runoff  
or via spray drift. The aquatic risk assessment was conducted following a tiered approach with  
a very conservative screening assessment followed by refinements if concerns were identified  
at the screening level. Overall there are few risks of concerns for aquatic organisms with the 
exception of aquatic plants and some marine invertebrates and these areas of concern were 
mainly identified with formulations containing the surfactant POEA. 
 
Summaries of the aquatic toxicity data considered in this review are presented in Appendix X, 
Table 27. The most sensitive aquatic taxonomic group is freshwater plants and the acute HC5 
value is 0.003 mg a.e./L for the EUP + POEA formulation. The order of species sensitivity  
was determined to be: freshwater plants (0.003 mg a.e./L) > marine fish and invertebrates  
(0.1 mg a.e./L) > freshwater algae (0.12 mg a.e./L) > freshwater invertebrates (0.19 mg a.e./L) 
> marine algae (0.33 mg a.e./L) > freshwater fish (0.36 mg a.e./L), and amphibians (0.86 mg 
a.e./L) (Appendix X, Table X.17).  
 
Screening level risk quotients for all freshwater organisms that were tested with end-use products 
containing POEA following acute and/or chronic exposures were all above the level of concern. 
All tested glyphosate formulations that do not contain POEA had risk quotients below the level 
of concern, except for freshwater algae. Saltwater invertebrates (acute exposure) and algae 
(chronic exposure) exposed to glyphosate formulation containing POEA had risk quotients above 
the level of concern. The surfactant POEA tested alone had risk quotients above the level of 
concern for freshwater and marine/estuarine invertebrates and freshwater fish, confirming the 
international scientific consensus that POEA added to glyphosate increases the environmental 
risk to these organisms.  
 
The transformation product AMPA is not toxic to aquatic organisms. 
 
Refined Risk Assessment for Aquatic Organisms and Potential Risk from Drift  
 
The risk to aquatic organisms was further characterized by taking into consideration the 
concentrations of glyphosate that could be deposited in off-field aquatic habitats that are 
downwind and directly adjacent to the treated field through drift of spray. The spray drift data of 
Wolf and Caldwell (2001) was used to determine the maximum spray deposit into an aquatic 
habitat located one metre downwind from a treated field. Review of the labels for glyphosate 
containing end-use products indicate that the end-use products are applied by ground and aerial 
application methods. The maximum percentage of the applied spray that is expected to drift 1m 
downwind from the application site during spraying using field sprayer and aerial application 
methods is determined based on a coarse spray droplet size: field sprayer – 3%, aerial – 17%, 
respectively. Given the variation in percent drift off site for each of the application methods, the 
assessment of potential risk from drift was done using the maximum single application for potato 
(groundboom application: 4320 g a.e./ha) and the maximum cumulative application rate for 
canola (aerial application: 4320 + 4320 + 902 at 10-day intervals g a.e./ha). The EECs resulting 
from drift for these two crops cover the full range of EECs from drift anticipated from all 
application rates and application methods.  
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For freshwater snails, freshwater and saltwater fish and saltwater algae, the risk quotients, after 
refinement, were below the level of concern. 
 
For freshwater invertebrates, the risk quotients derived for acute exposure to spray drift from the 
surfactant POEA alone exceeded the level of concern (RQ = 1.8 – 16.1). Based on acute toxicity 
endpoints (HC5) derived for POEA containing glyphosate formulations, the level of concern is 
slightly exceeded at the highest cummulative aerial application rate (RQ = 1.1).  
 
For freshwater plants and marine/estuarine invertebrates, the level of concern is exceeded  
for acute effects at all application rates and for all application methods (freshwater plants  
RQ = 6.7 to 67 and marine/estuarine invertebrate RQ = 2 to 20), with the risk quotients being 
based on the toxicity to glyphosate formulations that contain POEA. Based on glyphosate 
formulations that do not contain POEA, the level of concern for acute effects is exceeded for 
freshwater algae at the highest application rate (RQ = 3.3). 
 
Based on amphibian laboratory toxicity data, the level of concern is slightly exceeded for 
amphibians exposed to spray drift from glyphosate formulations containing POEA at the highest 
cumulative aerial application rate on an acute and chronic basis (acute RQ = 1.1, chronic  
RQ = 1.2), however the level of concern for acute and chronic effects is not exceeded when 
amphibian toxicity data derived from field and mesocosm level studies are considered  
(Appendix X, Table X.28). 
 
To protect aquatic species, spray buffer zones are required on glyphosate product labels, both 
those with and without the surfactant POEA.  
 
Assessment of Potential Risk from Runoff 
 
Aquatic organisms can also be exposed to glyphosate applied to foliage as a result of runoff into 
a body of water. The linked models Pesticide Root Zone Model (PRZM) and Exposure Analysis 
Modeling System (EXAMS) were used to predict EECs resulting from runoff of glyphosate 
following application. Considering the crop uses and geographic crop distribution, as well as the 
available scenarios, nine standard regional scenarios were modelled to represent different regions 
of Canada. The Level 1 glyphosate EECs in a 1-ha receiving water body (15 and 80 cm deep) 
predicted by PRZM-EXAMS for these crops applications are presented in Tables XI.3-5, 
Appendix XI. The values reported by PRZM/EXAMS are 90th percentile concentrations of the 
concentrations determined at a number of time-frames including the yearly peak, 96-hr, 21-d,  
60-d, 90-d and yearly average.  
 
Acute and chronic risk quotient values were calculated using an EEC for the time frame that 
most closely matched the exposure time used to generate the endpoint. For example, a 96-hour 
LC50 would use the 96-hour value generated by the model; a 21-day NOEC would use the 21-day 
EEC value. At the screening level, RQ values for organisms (acute and/or chronic exposure) 
exceeded the level of concern. The EECs used for calculation of the RQs were the highest values 
for the appropriate depth and appropriate time frame (in other words, potato-use scenario in 
Prince Edward Island); when the RQ based on the highest EEC exceeded the level of concern, an 
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RQ based on the lowest EEC values (apple-use scenario in British Columbia) was also 
calculated. Screening level acute and chronic RQ values for freshwater and marine organisms are 
reported in Appendix X, Table X.27.  
 
Refinement was done for runoff, with all endpoints being based on exposure to glyphosate 
formulations containing POEA, unless otherwise indicated.  
 
The risk quotients for runoff derived for acute exposure exceed the level of concern for 
freshwater algae and marine invertebrates (freshwater algae RQ = 1.6, marine invertebrates RQ = 
9.6) at the highest EECs (potato-use scenario in Prince Edward Island), but not at the lowest 
EECs (apple-use scenario in British Columbia). The risk quotients derived for chronic exposure 
indicate that the level of concern is exceeded for freshwater aquatic plants (RQ = 26) at the 
highest EECs (potato-use scenario in Prince Edward Island), but not at the lowest EECs (apple-
use scenario in British Columbia) (Appendix X, Table X.29). 
 
Refinement with Monitoring Data 
 
The risk assessment was refined by considering all available Canadian monitoring data. A 
summary of water monitoring data is presented in Appendix XI. An EEC of 40.8 ug/L (the 
highest detection of glyphosate in surface water) was used for the refined risk assessment. Risk 
quotients were calculated for organisms (acute and/or chronic exposure) that showed exceedence 
of the level of concern at the screening level. The refined RQ values (Appendix X, Table X.30) 
indicate that the level of concern not exceeded for aquatic organisms with the exception of 
freshwater plants (RQ = 14).  
 
Label statements are specified to help reduce runoff to aquatic habitats. 
 
4.2.3 Incident Reports Related to the Environment 
 
Since 26 April 2007, registrants have been required by law to report incidents to the PMRA that 
include adverse effects to Canadian health or the environment. Information about the reporting  
of pesticide incidents can be found on the PMRA website. Incident reports involving all  
forms of the active ingredient glyphosate were reviewed. As of 10 May 2013, there were  
37 environmental incident reports in the PMRA database involving a form of the active 
ingredient glyphosate (PMRA# 2304789 and 2310009). 
 
There were three major environmental incidents in which fish were killed when water used to 
douse a chemical warehouse fire was released into a stream. It was unclear which chemical may 
have been responsible for the fish mortality. 
 
The remaining incidents were minor in nature and mostly involved grass damage following  
the direct application of a glyphosate product. There were six minor non-grass incidents that 
occurred following the drift of a glyphosate product onto non-target plants. Overall, there was a 
high degree of association between the reported environmental exposure to glyphosate and the 
effects observed. 
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Table 4.1 Minor Incidents Listed by Type of Organism Affected and Causality Level 
 
Organism Highly Probable Probable Possible Unlikely Total 
Grass/Lawn 19 6 — — 25 
Herbaceous Plants 3 2 — 2 7 
Trees or shrubs 1 2 1 — 4 
Total 23 10 1 2 361 
1  One incident reported damage to onions (herbaceous plant) and two different types of trees. The total count of 


incidents by organism type (36) is therefore higher than the number of minor incident reports received. 
 
The USEPA Ecological Incident Information System (EIIS) was also queried for glyphosate 
incidents that were available in the database as of 29 November 2012. There were 633 incident 
reports available in the EIIS database that involved glyphosate (116 incidents), glyphosate 
isopropylamine salt (516 cases) or glyphosate potassium salt (1 case). The most frequently 
reported site/crop affected was agricultural area (139 incidents), cotton (51 incidents), corn  
(36 incidents), soybean (27 incidents), and home/lawn (26 incidents). Plant damage (449 cases) 
and mortality (171 cases) were the most frequently reported symptoms. Of the 633 reports, 
nearly half were considered to be related to the misuse of a product (48%) and 95% were 
considered to have a certainty of at least possible (180 possible, 352 probable and 42 highly 
probable). 54% of all reports were the result of drift, while 23% were treated directly. 
 
All the information stated above was considered in this evaluation and did not affect the risk 
assessment. 
 
5.0 Value 
 
5.1 Value of Glyphosate 
 
Glyphosate plays an important role in Canadian weed management in both agricultural 
production and non-agricultural land management and is the most widely used herbicide in 
Canada. 
 
Value to Canadian Agriculture 
 
Glyphosate is an important herbicide for Canadian agriculture: 


• Due to its broad and flexible use pattern and its wide weed control spectrum, it is the 
most widely used herbicide in several major crops grown in Canada such as canola, 
soybean, field corn and wheat. It is also one of only a few herbicides regularly used in 
fruit orchards such as apple. 


• It is the essential herbicide for use on the glyphosate tolerant crops (GTCs) including 
canola, soybean, corn, sweet corn and sugar beet. The combination of GTCs and 
glyphosate has been adopted as an important and common agricultural production 
practice in Canada. 
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• It is identified by growers (in the Canadian Grower Priority Database [version 22, August 


2011]) as a priority for 17 new uses relating to 17 commodities: almond, bluegrass, 
kentucky bluegrass, bromegrass, canary seed, creeping red fescue, fescue, bermuda grass, 
pearl millet (grain), orchard grass, peanut, pecan, ryegrass, soybean, sunflower, timothy 
and wheatgrass. 


• Among all herbicides registered, glyphosate has the broadest range of use sites because it 
can be used on all crops when applied prior to planting. In addition, it has the widest 
weed control spectrum including annual and perennial weeds, weedy trees and brush. 


• Compared to other non-selective herbicides, it controls weeds of various sizes as well as 
the roots of these weeds since glyphosate is translocated throughout the plant. 


• Glyphosate can be tank-mixed with many residual herbicides to broaden the weed 
spectrum and extend the duration of weed control thus decreasing the number of 
herbicide applications while maximizing yield and lowering fuel and energy 
consumption. 


• Glyphosate has a wide application window including pre-seeding, after seeding (prior to 
crop emergence), in-crop, pre-harvest and post-harvest, allowing a flexible and effective 
weed management program: 


o When applied prior to seeding, application of it does not delay the seeding step 
due to its non-residual activity, therefore increasing flexibility for farming 
practices while providing a clean start for the new crop. 


o Glyphosate can also be applied in-crop as a postemergence treatment in 
conventional crops either as spot treatment or with wiper and wick application to 
control weeds taller than crops, which otherwise are impossible to control with 
other herbicides. 


o The pre-harvest application of glyphosate provides additional benefits to growers 
as it functions both as a harvest management and a desiccation treatment: 
equalizing the ripening or advancing the ripening process in uneven crops to 
achieve an earlier and more uniform harvest, lowering harvested grain seed 
moisture content, and increasing combine harvester efficiency. As compared to 
alternative crop desiccators such as diquat, glufosinate and carfentrazone, 
glyphosate also controls perennial weeds and can be used in a wider range of 
crops. 


o Post-harvest stubble treatment with glyphosate allows reduced or zero tillage, 
which has facilitated the adoption of conservation agriculture, where appropriate, 
thus reducing soil erosion, improving soil structure and retaining soil moisture as 
well as providing other benefits such as reduced tractor and fuel use.  
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Value to Non-agricultural Land Management 
 
Glyphosate is also an important weed control tool in non-agricultural land management for these 
reasons: 


• Due to its flexible use pattern and broad weed control spectrum, it is the most widely 
used herbicide in forestry. It can be applied at various stages in the forest regeneration 
cycle including site preparation, conifer release and stand thinning stages. Compared to 
alternative herbicides such as phenoxy, sulfonylnurea and triclopyr, glyphosate controls  
a wider range of weeds. Special application methods such as cut stump or injection 
treatment allow for year round application. 


• It is also one of the widely used herbicides for pasture renovation, around structures on 
farms, amenity and industrial areas, and along rights-of-way. 


• It is an effective tool for the control of many invasive weed species and for the control of 
toxic plants such as poison ivy. 


 
For some speciality or minor use crops, glyphosate provides specific selective weed control 
techniques (weed wipers, shrouded sprayers and stem injection) where in many cases selective 
use of glyphosate is the only method of weed control possible or remaining in pasture and 
rangeland, vegetables, fruit crops and for the control of invasive weeds among desirable 
plants/trees.  
 
Glyphosate has a unique mode of action and is the only molecule that is highly effective at 
inhibiting the enzyme EPSP of the shikimate pathway. It plays a role in delaying herbicide 
resistance development in weeds when used in rotation or combination with active ingredients 
from other herbicide site of action groups. However, the current Canadian agricultural 
production system relies heavily on glyphosate, resulting in more and more occurrences of 
glyphosate-resistant weeds. Kochia, Canada fleabane, giant ragweed and common ragweed are 
examples of such resistant weeds reported in Canada. These glyphosate-resistant weeds affect 
the efficacy and broader value of glyphosate. In order to prevent or delay the development of 
glyphosate-resistant weeds, it is crucial to maintain diversity in weed management practices. 
 
5.2 Commercial Class Products 
 
A total of 97 Commercial Class end-use products containing glyphosate were registered as of  
3 May 2012. All Commercial Class glyphosate uses are supported by the registrant. As risk 
concerns identified can be mitigated, alternatives to the uses of glyphosate are not presented in 
this document. 
 
5.3 Domestic Class Products 
 
A total of 34 Domestic Class products containing glyphosate were currently registered as  
of 3 May 2012. All Domestic Class glyphosate uses are supported by the registrant. As risk 
concerns identified can be mitigated, alternatives to the uses of glyphosate are not presented in 
this document. 
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6.0 Pest Control Product Policy Considerations 
 
6.1 Toxic Substances Management Policy Considerations  
 
The Toxic Substances Management Policy (TSMP) is a federal government policy developed  
to provide direction on the management of substances of concern that are released into the 
environment. The TSMP calls for the virtual elimination of Track 1 substances, those that meet 
all four criteria outlined in the policy: in other words, persistent (in air, soil, water and/or 
sediment), bio-accumulative, primarily a result of human activity and toxic as defined by the 
Canadian Environmental Protection Act. 
 
During the review process, glyphosate was assessed in accordance with the PMRA Regulatory 
Directive DIR99-033 and evaluated against the Track 1 criteria. The PMRA has reached the 
following conclusions: 
 


• Glyphosate does not meet all Track 1 criteria and is not considered a Track 1 substance 
(see Table 6.1). 


• Glyphosate does not form any transformation products that meet the Track 1 criteria.  
 
The use of glyphosate is not expected to result in the entry of TSMP Track 1 substances into the 
environment. 
 
  


3  DIR99-03, The Pest Management Regulatory Agency’s Strategy for Implementing the Toxic Substances 
Management Policy. 
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Table 6.1 Toxic Substances Management Policy Considerations – Comparisons to 


TSMP Track 1 Criteria 
 


TSMP Track 1 
Criteria 


TSMP Track 1 Criterion 
Value 


Glyphosate 
Are Criteria Met? 


Toxic or toxic 
equivalent as defined 
by the Canadian 
Environmental 
Protection Act1 


Yes Yes 


Predominantly 
anthropogenic2 Yes Yes 


Persistence3: 


Soil Half-life 
≥ 182 days 


No for aerobic soils: 15.3-142 days.  
Some potential for anaerobic soils: 3-1699 days. 


Water Half-life 
≥ 182 days No: 1-5.4 days (water phase in aerobic system). 


Sediment Half-life 
≥ 365 days No: 26-58.1 days (sediment phase in aerobic system). 


Air 


Half-life ≥ 2 
days or 


evidence of 
long range 
transport 


Glyphosate has a low vapour pressure of 6.0 × 10-7 Pa at 
20ºC (4.5 × 10-9 mm Hg) and according to the 
classification of Kennedy and Talbert (1977) is expected 
to be relatively non-volatile under field conditions. 
However, the Henry’s law constant of 0.168 Pa m3/mole 
(equivalent to 1.66 × 10-6 atm m3/mole and a calculated 
1/H = 3.38 × 104) indicates that glyphosate is slightly 
volatile from water surface or moist soil. The EFSA 
(2009) reported that glyphosate volatilization from water, 
soil and plant surfaces is expected to be low.  


Bioaccumulation4 
Log Kow ≥ 5 Log Kow = 4.1 
BCF ≥ 5000 BCF = 248-430 
BAF ≥ 5000 NA 


Is the chemical a TSMP Track 1 substance (all four 
criteria must be met)? No, does not meet TSMP Track 1 criteria. 
1All pesticides will be considered toxic or toxic equivalent for the purpose of initially assessing a pesticide against 
the TSMP criteria. Assessment of the toxicity criterion may be refined if required (in other words, all other TSMP 
criteria are met). 
2The policy considers a substance “predominantly anthropogenic” if, based on expert judgement, its concentration 
in the environment medium is largely due to human activity, rather than to natural sources or releases.  
3 If the pesticide and/or the transformation product(s) meet one persistence criterion identified for one media (soil, 
water, sediment or air) than the criterion for persistence is considered to be met.  
4Field data (for example, bioaccumulation factors [BAFs]) are preferred over laboratory data (for example, 
bioconcentration factors [BCFs]) which, in turn, are preferred over chemical properties (for example, log Kow). 
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6.2 Formulants and Contaminants of Health or Environmental Concern  
 
During the review process, contaminants in the technical product are compared against the list in 
the Canada Gazette.4 The list is used as described in the PMRA Notice of Intent NOI2005-015  
and is based on existing policies and regulations including: DIR99-03; and DIR2006-026, and 
taking into consideration the Ozone-depleting Substance Regulations, 1998, of the Canadian 
Environmental Protection Act (substances designated under the Montreal Protocol). The PMRA 
has reached the following conclusions: 
 


• Based on the manufacturing process used, impurities of human health or environmental 
concern as identified in the Canada Gazette, Part II, Vol. 142, No. 13, SI/2008-67  
(2008-06-25), including TSMP Track 1 substances, are not expected to be present in the 
glyphosate products. 


• Technical grade Glyphosate and its end-use products do not contain any formulants or 
contaminants of health or environmental concern identified in the Canada Gazette. 


 
The use of formulants in registered pest control products is assessed on an ongoing basis through 
PMRA formulant initiatives and Regulatory Directive DIR2006-02 (PMRA Formulants Policy). 
 
7.0 Organisation for Economic Co-operation and Development Status of 
Glyphosate 
 
Canada is part of the Organisation for Economic Co-operation and Development (OECD), which groups 
member countries and provides a forum in which governments can work together to share experiences 
and seek solutions to common problems.  
 
As part of the re-evaluation of an active ingredient, the PMRA takes into consideration recent 
developments and new information on the status of an active ingredient in other jurisdictions, including 
OECD member countries. In particular, decisions by an OECD member country to prohibit all uses of an 
active ingredient for health or environmental reasons are considered for relevance to the Canadian 
situation.  
 
Glyphosate is currently acceptable for use in other OECD countries, including the United States, Australia 
and the European Union. As of 17 March 2015, no decision by an OECD member country to prohibit all 
uses of glyphosate for health or environmental reasons has been identified. 
 


4  Canada Gazette, Part II, Volume 139, Number 24, SI/2005-114 (2005-11-30) pages 2641–2643: List of 
Pest Control Product Formulants and Contaminants of Health or Environmental Concern and in the order 
amending this list in the Canada Gazette, Part II, Volume 142, Number 13, SI/2008-67 (2008-06-25) pages 
1611-1613. Part 1 Formulants of Health or Environmental Concern, Part 2 Formulants of Health or 
Environmental Concern that are Allergens Known to Cause Anaphylactic-Type Reactions and Part 3 
Contaminants of Health or Environmental Concern. 


5  NOI2005-01, List of Pest Control Product Formulants and Contaminants of Health or Environmental 
Concern under the New Pest Control Products Act. 


6  DIR2006-02, PMRA Formulants Policy. 
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8.0 Summary 
 
8.1 Human Health and Safety 
 
The toxicology database submitted for glyphosate is adequate to define the majority of toxic 
effects that may result from exposure. Observations of slight systemic toxicity consisting of 
decreased body weight and body-weight gain, altered hepatic and renal functions, and diarrhea 
were common in the toxicity studies with glyphosate. Cellular changes in the salivary glands 
were also observed in the rodent studies. Glyphosate was not genotoxic or neurotoxic. A 
marginally increased incidence of ovarian adenomas was observed in mice, but at the limit dose 
only. These tumours were considered to be of low degree of concern for human health risk 
assessment. Glyphosate produced an altered response of the immune system. No evidence of 
increased sensitivity of the young was observed in the reproduction or prenatal developmental 
toxicity studies.  
 
However, the finding of fetal cardiovascular malformations in the presence of maternal toxicity 
in a rabbit developmental toxicity was considered a serious effect. The risk assessment protects 
against the toxic effects noted above by ensuring that the level of human exposure is well below 
the lowest dose at which these effects occurred in the animal tests. 
 
8.1.1 Dietary Risk 
 
There were no dietary risk concerns from the acute and chronic dietary risk assessments (food 
and drinking water) for the general population and all population subgroups, including infants, 
children, teenagers, adults and seniors. 
 
8.1.2 Non-Occupational Risk 
 
Risks to residential applicators for all residential label uses are not of concern. Residential  
postapplication risk is not of concern, including from golfing and incidental oral exposure. There 
is no risk of concern for bystanders entering treated sites. 
 
8.1.3 Occupational Risk 
 
Risk estimates associated with mixing, loading and applying activities for all commercial label 
uses are not of concern.  
 
Postapplication risks for workers were not of concern. An REI of 12 hours is required for all 
agricultural postapplication activities. 
 
8.1.4 Aggregate Risk 
 
There were no risks of concern from aggregate exposure to glyphosate from food, drinking water 
and residential uses. 
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8.1.5 Polyethoxylated Tallow Amines  
 
No risks of concern were identified, provided end-use products contain no more than 20% POEA 
by weight. 
 
8.2 Environmental Risk 
 
Available studies indicate that in the natural environment, glyphosate is non-persistent to 
moderately persistent in soil and water and produces one major transformation product in soil 
and water, aminomethyl phosphonic acid (AMPA), which is non-persistent to persistent in the 
environment. Carryover of glyphosate and AMPA into the next growing season is not expected 
to be significant. Glyphosate and AMPA are expected to be immobile in soil and are unlikely  
to leach to groundwater. Glyphosate is very soluble in water and non-volatile and is expected  
to partition to sediment in aquatic environments. Glyphosate and AMPA are unlikely to 
bioaccumulate. 
 
Certain glyphosate formulations include the surfactant POEA, which is non-persistent to  
slightly persistent in the environment and is toxic to aquatic organisms. In general, glyphosate 
formulations that contain POEA are more toxic to freshwater and marine/estuarine organisms 
than formulations that do not contain POEA. POEA compounds have the potential to 
bioaccumulate but given that the components are easily broken down and that it is not persistent 
in soil and water, significant bioaccumulation under field conditions is unlikely.  
 
In the terrestrial environment the only area of risk concern identified from the available data was 
for terrestrial plants and therefore spray buffer zones are required to reduce exposure to sensitive 
terrestrial plants. Glyphosate formulations containing POEA may pose a risk to freshwater 
invertebrates, freshwater plants and marine/estuarine invertebrates. Glyphosate formulations that 
do not contain POEA may pose a risk to freshwater algae only. Glyphoste technical grade active 
ingredient is toxic to estuarine/marine fish. Hazard statements and mitigation measures (spray 
buffer zones) are required on product labels to protect aquatic organisms.  
 
Due to its rapid dissipation and low toxicity, the transformation product AMPA is not expected 
to pose a risk to terrestrial and aquatic organisms based on proposed application rate of 
glyphosate. 
 
8.3 Value 
 
Glyphosate is an important herbicide for Canadian agriculture as well as for weed control in  
non-agricultural land management.  
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9.0 Proposed Re-evaluation Decision 
 
9.1 Proposed Regulatory Actions 
 
After a re-evaluation of glyphosate, Health Canada’s PMRA, under the authority of the Pest 
Control Products Act, is proposing continued registration of glyphosate and associated end-use 
products for certain uses of glyphosate in Canada, provided that the mitigation measures for the 
health and the environment described in this document are implemented.  
 
9.1.1 Proposed Regulatory Action Related to Human Health 
 
9.1.1.1 Proposed Label Amendments 
 


1) Label amendments for the glyphosate technical product labels are proposed and 
summarized in Appendix XII.  


2) The restricted entry interval of 12 hours is proposed for all agricultural uses  
(Appendix XII). 


3) There may be potential for exposure to bystanders from drift following pesticide 
application to agricultural areas. In the interest of promoting best management practices 
and to minimize human exposure from spray drift or from spray residues resulting from 
drift, label statement is proposed under Use Precautions (Appendix XII). 


 
9.1.1.2 Residue Definition for Risk Assessment and Enforcement 
 
Glyphosate is registered for use on a wide range of conventional crops (in other words, 
glyphosate non-tolerant crops) as well as on transgenic crops (in other words, glyphosate  
tolerant crops). Currently registered transgenic crops include crops containing the 
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) gene and/or the glyphosate 
oxidoreductase (GOX) gene and crops containing the glyphosate N-acetyl transferase (GAT) 
gene (in other words, soybeans, corn and canola). The residue definition (RD) in all conventional 
crops and in transgenic EPSPS/GOX crops is comprised of glyphosate and the metabolite 
AMPA. The RD in transgenic GAT crops is the sum of glyphosate and the metabolites  
N-acetylglyphosate, AMPA and N-acetyl AMPA. The RD in animal commodities is the sum  
of glyphosate and the metabolites N-acetylglyphosate and AMPA. These RDs are used for  
both enforcement and dietary risk assessment purposes. No modification to the current RDs is 
proposed as the result of this re-evaluation. The metabolites included in the RDs are expressed  
as stoichiometric equivalents of glyphosate. The RD in drinking water for dietary risk assessment 
is defined as the sum of glyphosate and the metabolite AMPA. The acetylated metabolites are 
not included in the RD for drinking water because they are not formed in soil. In other words,  
N-acetylglyphosate is not applied to plants; it is rather a metabolite produced in GAT crops as a 
result of the application of glyphosate. 
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9.1.1.3 Maximum Residue Limits for Glyphosate in Food 
 
Maximum residue limits (MRLs) have been specified for residues of glyphosate (including all 
the metabolites comprised in the RDs) and the trimethylsulfonium (TMS) cation, the major 
metabolite of the discontinued glyphosate-TMS salt, in/on registered crops. Information on 
Canadian MRLs is presented in Appendix VI.  
 
MRLs for pesticides in/on food are established by Health Canada’s PMRA under the authority  
of the Pest Control Products Act. After the revocation of an MRL or where no specific MRL  
is specified for a pesticide under the Pest Control Products Act, Subsection B.15.002(1) of the 
Food and Drug Regulations applies. This requires that residues do not exceed 0.1 ppm, which is 
considered as a general MRL for enforcement purposes. Therefore, residues in/on all other crops 
appearing on the registered glyphosate labels are regulated under the general MRL not to exceed 
0.1 ppm for glyphosate (including relevant metabolites) and 0.1 ppm for the TMS cation. 
 
In general, when the re-evaluation of a pesticide has been completed, the PMRA intends to 
remove Canadian MRLs that are no longer supported. Given that all glyphosate-TMS-containing 
products have been discontinued, it is proposed that all MRLs for the TMS cation be revoked. 
 
A complete list of MRLs established in Canada can be found in the PMRA MRL database on the 
Pesticides and Pest Management section of the Health Canada website. The database is an online 
query application that allows users to search for established MRLs regulated under the Pest 
Control Products Act. For supplemental MRL information regarding the international situation 
and trade implications, refer to Appendix VI. 
 
9.1.1.4 Proposed Mitigation Measures Related to Products Containing Polyethoxylated 


Tallow Amines 
 
The determination of acceptable risk for the POEA health evaluation is applicable to end-use 
products that contain no more than 20% POEA by weight. As such, registrants will be required 
to ensure that end-use products comply with the maximum of 20% POEA by weight. 
 
9.1.2 Proposed Regulatory Action Related to the Environment 
 
To reduce the effects of glyphosate in the environment, mitigation in the form of precautionary 
label statements and spray buffer zones are required. Environmental mitigation statements are 
listed in Appendix XII.  
 
9.1.3 Other Label Amendments 
 
Information on cumulative rate per year, maximum number of applications per year and 
minimum interval between applications is not currently specified on labels for use on agricultural 
cropland and non-cropland, as it is for fruit tree, berry and vine crops. In order for use directions 
for glyphosate products to be consistent with the assumptions used in the PMRA health risk 
assessment, it is recommended that labels be updated to include this information for all sites,  
as described in Appendix II. 
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9.2 Additional Data Requirements 
 
No additional data are required under section 12 of the Pest Control Products Act. 
 
Note that in addition to data supplied by registrants and published information, certain studies 
from non-glyphosate task forces were used in the risk assessments. These are included in the 
reference list of this document: 
 


• Activity specific transfer coefficients from the Agricultural Reentry Task Force (ARTF, 
2008) were used in the assessment of postapplication agriculture exposure.  


 
• The USEPA Residential SOPs (2012) were also used in the risk assessment for 


glyphosate. Data from several exposure task forces were used to develop the Residential 
SOPs. Specifically ARTF, Agricultural Handlers Exposure Task Force (AHETF), and 
Outdoor Residential Exposure Task Force (ORETF) data are included in the scenarios 
used from the SOPs.  


 
Furthermore, the PMRA is in the process of revising its approach to buffer zones for all 
chemicals. Information (data, research) that would facilitate buffer zone refinement may be 
submitted during the consultation period of this Proposed Re-evaluation Decision. Buffer zones 
for glyphosate may be revised based on new information as a result of this process. 
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List of Abbreviations 


List of Abbreviations  
 
Abs.  Absolute 
AD administered dose 
ADI  acceptable daily intake 
ADME absorption, distribution, metabolism and excretion 
AFC antibody forming cell  
a.e.  acid equivalent 
AHETF  Agricultural Handlers Exposure Task Force  
AHS agricultural health study 
a.i.  active ingredient 
ALT alanine aminotransferase 
AMPA aminomethylphosphonic acid 
ALP alkaline phosphatase 
AR  applied radioactivity 
ARfD  acute reference dose 
ARTF  Agricultural Re-entry Task Force 
AST  Aspartate transaminase 
ATPD  area treated per day 
atm  atmosphere 
BAF  bioaccumulation factor 
BCF  bioconcentration factor 
BUN blood urea nitrogen 
bw body weight 
BWG body-weight gain 
[Ca++] concentration of calcium 
CAF composite assessment factor 
CAS  Chemical Abstracts Service  
CFIA  Canadian Food Inspection Agency 
cm  centimetres 
cm2  entimetres squared 
CSFII  Continuing Surveys of Food Intakes by Individuals 
DA  dermal absorption 
DBH  diameter at breast height 
DFOP  double first order in parallel 
DFR  dislodgeable foliar residue 
DNA deoxyribonucleic acid  
DT50 dissipation time 50% (the time required to observe a 50% decline in 


concentration) 
DT90  dissipation time 90% (the time required to observe a 90% decline in 


concentration) 
EbR50  effective biomass rate on 50% of the population 
EC25  effective concentration on 25% of the population 
EC50  effective concentration on 50% of the population 
EDE  estimated daily exposure 
EEC  estimated environmental concentration 
EFSA  European Food Safety Authority 
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List of Abbreviations 


EIIS  Ecological Incident Information System from USEPA 
EPA Environmental Protection Agency 
EPSPS  5-enolpyruvylshikimate-3-phosphate synthase  
ER50  effective rate on 50% of the population 
ERS  exposure re-evaluation section  
et al.  and others 
EXAMS  Exposure Analysis Modeling System 
F1 first generation 
F2 second generation 
F2b pertaining to offspring produced from the second mating of the second generation 
FC food consumption 
FE food efficiency 
FIR  food ingestion rate 
FOB functional observational battery  
g gram(s) 
GAT  glyphosate N-acetyl transferase  
GD gestation day 
GMO genetically modified organism 
GOX  glyphosate oxidoreductase  
GUS groundwater ubiquity score  
ha  hectare 
HC historical control  
HC5 hazardous concentration to 5% of the species 
HED Health Evaluation Directorate 
hr(s) hour(s) 
HPLC  high performance liquid chromatography 
IARC  International Agency for Research on Cancer 
IgM Immunoglobulin M 
IUPAC International Union of Pure and Applied Chemistry 
IV intravenous(ly) 
[K+]  concentration of potassium ion  
kg kilogram(s) 
Kd  soil-water partition coefficient 
KF   Freundlich adsorption coefficient 
Koc  organic-carbon partition coefficient  
Kow  octanol-water partition coefficient 
L litre(s) 
LC50 lethal concentration to 50% 
LD lactation day 
LD50 lethal dose to 50% 
LOAEL lowest observed adverse effect level  
LOC level of concern 
LOEC  lowest observed effect concentration 
LOD  limit of detection 
LOQ  limit of quantitation 
LR50  lethal rate 50% 
m  metres 
m2  metres squared 
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List of Abbreviations 


max  maximum 
mg milligram 
min  minutes 
MIS maximal irritation score 
mL  millilitre 
M/L/A  mixer/loader/applicator 
mmHg  millimetres of mercury 
MOE margin of exposure 
MRL  maximum residue limit 
MS  mass spectrometry 
MTD maximum tolerated dose 
n/a  not available 
N/A  not applicable 
ND not determined 
NOAEL no observed adverse effect level 
NOEC  no observed effect concentration 
NOEL  no observed effect level 
NR  not reported 
NTP National Toxicology Program 
NZW New Zealand White  
OC  organic carbon content 
OECD  Organisation for Economic Co-Operation and Development 
OM  organic matter content 
ORETF  Outdoor Residential Exposure Task Force 
P parental generation 
pChE plasma cholinesterase  
PDP  Pesticide Data Program (United States data) 
PHED  Pesticide Handlers Exposure Database 
PHI  preharvest interval 
pKa  dissociation constant 
PMRA Pest Management Regulatory Agency 
PND postnatal day 
POEA polyethoxylated tallow amine 
PPE  personal protective equipment 
PRZM  Pesticide Root Zone Model  
ppm parts per million  
RBC red blood cell  
RD residue definition 
REI  restricted entry interval 
Rel. relative 
RfD reference dose 
ROW  right-of-way 
RSD  Relative Standard Deviation 
RQ  risk quotient 
S9  supernatant fraction from liver homogenate obtained by centrifuging at 9000 g 
SD Sprague-Dawley 
SFO  single first order 
SOP  standard operating procedure 
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List of Abbreviations 


t1/2   half-life 
trep ½  representative half-life of kinetic models 
TC  transfer co-efficient 
TLC   thin layer shromatography 
TMS  trimethylsulfonium 
TSMP  Toxic Substances Management Policy 
TTR  turf transferable residue 
UF uncertainty factor 
µg  microgram 
µL  microlitres 
USC  use site category 
USDA  United States Department of Agriculture 
USEPA United States Environmental Protection Agency 
UV  ultraviolet 
Vss volume of distribution at steady state 
v/v  volume per volume dilution 
WHO  World Health Organization 
Wk week 
Wt. weight 
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Appendix I 


Appendix I Products Containing Glyphosate that are Registered in 
Canada Excluding Discontinued Products or Products with a 
Submission for Discontinuation as of 3 May 2012, Based Upon 
the PMRA’s Electronic Pesticide Regulatory System (e-PRS) 
Database1 


 
Registration 


Number 
Marketing 


Type2 Registrant Name Product Name Formulation 
Type 


Guarantee3 
(Salt Form –  


g a.e./L) 
29995 C Agwest Inc. Crush’r Plus Solution GPI-360 


28322 C Albaugh Inc. Clearout 41 Plus Herbicide Solution Solution GPI-360 


30093 C Alligare, LLC. Alligare Glyphosate 4+ Solution GPI-360 


29677 C Chanoix Trading Inc. Lajj Plus Solution GPI-360 


26828 C 


Cheminova Canada, 
Inc. 


Cheminova Glyphosate Soluble Concentrate 
Herbicide Solution GPI-356 


27287 C Glyfos Au Soluble Concentrate Herbicide Solution GPI-360 


28925 C Cheminova Glyphosate (TM) II Solution GPI-356 


29363 C Glyfos Bio Herbicide Solution GPI-360 


29364 C Glyfos Bio 450 Herbicide Solution GPI-450 


30234 C Forza Bio Silvicultural Herbicide Solution GPI-360 


30235 C Forza Bio 450 Silvicultural Herbicide Solution GPI-450 


27394 C 


Dow Agrosciences 
Canada Inc. 


Prepass B Herbicide Solution (A Component 
Of Prepass Htm) Solution GPI-360; 


27615 C Vantage Plus Max Herbicide Solution Solution GPI-480 


28245 C Maverick II Herbicide Solution Solution GPI-480 


28540 C Eclipse II B Herbicide Solution Solution GPI-480 


28977 C Maverick III Herbicide Solution Solution GPX-480 


29033 C Eclipse III B Herbicide Solution GPX-480 


29652 C Prepass XC B Herbicide Solution GPX-480 


29994 C Vantage XRT Herbicide Solution GPX-480 


21262 C Ezject, Inc. Diamondback Herbicide Shells Paste GPI-0.15 


29731 C 
Global Ag Brands Inc. 


Glyking Solution GPI-360 


29732 C Clean-Up Solution GPI-360 


26846 C Interprovincial 
Cooperative Limited 


Glyphosate Herbicide – Agricultural and 
Industrial Solution GPI-360 


29216 C Glyphosate Water Soluble Herbicide Solution GPI-309(+51) 


29266 C 


Libertas Now Inc. 


Knockout Extra Solution GPI-360 


29517 C Burndown Solution GPI-360 


29524 C Clearcrop Solution GPI-360 


29525 C Cleanfield Solution GPI-360 


29733 C GP Advantage Solution GPI-360 


28623 C Loveland Products 
Canada Inc. 


Sharpshooter Plus Herbicide Solution GPI-360 


28631 C Sharpshooter Herbicide Solution GPI-356 


29126 C Mey Canada 
Corporation Wise Up Herbicide Solution Solution GPI-356 


19536 C 
Monsanto Canada Inc. 


Rustler Summerfallow Herbicide Solution GPI-108  
DXB-182 


20423 C Mocan 943 Water Soluble Herbicide Solution GPI-120  
DIC-86 
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Registration 
Number 


Marketing 
Type2 Registrant Name Product Name Formulation 


Type 
Guarantee3 


(Salt Form –  
g a.e./L) 


21572 C Rustler Fallow Liquid Herbicide Solution GPI-132  
DIC-60 


25604 C Roundup Fast Forward Preharvest Herbicide Solution GPI-300  
GLG-16 


25795 C Roundup Fastforward Preseed Agricultural Solution GPI-300  
GLG-10 


25898 C Focus Herbicide Solution GPI-132  
DXB-82 


25918 C Mon 77759 Water Soluble Herbicide Solution GPI-300  
GLG-36 


26625 C Mon 78027 Water Soluble Herbicide Solution GPI-180  
GLG-131 


26920 C Roundup Transorb Max Liquid Herbicide Solution GPI-480 


27200 C Rustler Liquid Herbicide Solution GPI-194  
DIC-46 


29841 C Mon 76431 Liquid Herbicide Solution GPP-540 


29868 C Mon 76429 Liquid Herbicide Solution GPP-540 


29290 C Newagco Inc. Mpower Glyphosate Solution GPI-356 


25866 C 


Nufarm Agriculture 
Inc. 


Nufarm Credit Liquid Herbicide Solution GPI-356 


27950 C Credit Plus Liquid Herbicide Solution GPI-360 


29124 C Credit 45 Herbicide Solution GPI-450 


29125 C Nufarm Credit 360 Liquid Herbicide Solution GPI-360 


29470 C Nuglo Herbicide Solution GPI-450 


29471 C Nufarm Glyphosate 450 Herbicide Solution GPI-450 


29479 C Polaris Solution GPI-360 


29480 C Racketeer Solution GPI-360 


29888 C Credit Xtreme Herbicide Solution GPO-540 


30442 C Rack Petroleum Ltd. The Rack Glyphosate Solution GPI-360 


28802 C 


Syngenta Canada Inc. 


Cycle Herbicide Solution GPP-500 


29308 C Touchdown Pro Herbicide Solution GPM-360 


29341 C Halex GT Herbicide Solution 
GPP-250 
AME-250 
MER-25  


29552 C Takkle Herbicide Solution GPI-140  
DIC-70 


29644 C Flexstar Herbicide Solution GPM-315  
FOF-79 


30412 C Flexstar GT Herbicide Solution GPM-271  
FOF-67 


29022 C Teragro Inc Weed-Master Glyphosate 41 Herbicide Solution GPS-356 


29629 C Viterra Inc. Viterra Glyphosate Solution GPI-360 


24359 C+R 
Cheminova Canada, 


Inc. 


Glyfos Soluble Concentrate Herbicide Solution GPI-360 


26401 C+R Forza Silvicultural Herbicide Solution GPI-360 


28924 C+R Glyfos Soluble Concentrate Herbicide II Solution GPI-360 


26171 C+R 


Dow Agrosciences 
Canada Inc. 


Vantage Plus Herbicide Solution Solution GPI-360 


26172 C+R Vantage Herbicide Solution Solution GPI-356 


26884 C+R Vantage Forestry Herbicide Solution Solution GPI-356 


28840 C+R Vantage Plus Max II Herbicide Solution Solution GPX-480 


29588 C+R GF-772 Herbicide Solution GPI-360 


29773 C+R Depose Herbicide Solution Solution GPI-356 


29774 C+R Durango Herbicide Solution Solution GPX-480 
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Registration 
Number 


Marketing 
Type2 Registrant Name Product Name Formulation 


Type 
Guarantee3 


(Salt Form –  
g a.e./L) 


30423 C+R Prepass 480 Herbicide Solution Solution GPX-480 


30516 C+R Vantage Max Herbicide Solution Solution GPS-480 


27988 C+R 
Interprovincial 


Cooperative Limited 


Ipco Factor 540 Liquid Herbicide Solution GPP-540 


29775 C+R Matrix Herbicide Solution Solution GPX-480 


30319 C+R Vector Herbicide Solution Solution GPX-480 


30076 C+R Loveland Products 
Canada Inc. Mad Dog Plus Solution GPI-360 


29219 C+R Makhteshim Agan Of 
North America Inc. Glyphogan Plus Liquid Herbicide Solution GPI-356 


19899 C+R 


Monsanto Canada Inc. 


Vision Silviculture Herbicide Solution GPI-356 


25344 C+R Roundup Transorb Liquid Herbicide Solution GPI-360 


27487 C+R Roundup Weathermax With Transorb 2 
Technology Liquid Herbicide Solution GPP-540 


28486 C+R Roundup Ultra 2 Liquid Herbicide Solution GPP-540 


28487 C+R R/T 540 Liquid Herbicide Solution GPP-540 


28608 C+R Mon 79828 Liquid Herbicide Solution GPP-540 


28609 C+R Mon 79791 Liquid Herbicide Solution GPP-540 


29498 C+R Start Up Herbicide Solution GPP-540 


30104 C+R Mon 76669 Solution GPP-540 


27736 C+R Vision Max Silviculture Herbicide Solution GPP-540 


27764 C+R Roundup Ultra Liquid Herbicide Solution GPP-540 


27946 C+R Renegade HC Liquid Herbicide Solution GPP-540 


28198 C+R Roundup Transorb HC Liquid Herbicide Solution GPP-540 


27192 C+R 


Syngenta Canada Inc. 


Touchdown IQ Liquid Herbicide Solution GPM-360 


28072 C+R Touchdown Total Herbicide Solution GPP-500 


29201 C+R Traxion Herbicide Solution GPP-500 


29009 C+R Teragro Inc Weed-Master Glyphosate Forestry Herbicide Solution GPI-356 


26609 D 
Cheminova Canada, 


Inc. 


Glyfos Herbicide 143 Concentrate Solution GPI-143 


26610 D Glyfos Herbicide 7 Ready-To-Use Solution GPI-7 


26827 D Glyfos Concentrate 356 Herbicide Solution GPI-356 


27351 D 
Dow Agrosciences 


Canada Inc. 


Glyphosate 18% Herbicide Solution 
Concentrate Solution GPI-143 


27352 D Glyphosate 0.96% Herbicide Ready-To-Use Solution GPI-7 


22627 D 


Monsanto Canada Inc. 


Roundup Concentrate Non-Selective Herbicide Solution GPI-143 


22759 D Roundup Super Concentrate Grass & Weed 
Control Solution GPI-356 


22807 D Roundup Ready To Use Non-Selective 
Herbicide With Fastact Foam Solution GPI-7 


23786 D Roundup Quik Stik Non-Selective Herbicide 
Tablets Tablet GPS-60 


24299 D Roundup Ready-To-Use Grass & Weed 
Control With Fastact Foam Solution GPI-7 


26263 D Roundup Ready-To-Use With Fastact Foam 
Pull'n Spray Non-Selective Herbicide Solution GPI-7 


27460 D Roundup Ready-To-Use Non-Selective 
Herbicide Solution GPI-7.2 


27506 D Roundup Ready-To-Use Pull’n Spray Non-
Selective Herbicide Solution GPI-14.0 


27507 D Roundup Ready-To-Use Pull'n Spray Poison 
Ivy & Brush Control Non-Selective Herbicide Solution GPI-14.0 


28974 D Roundup Pump’N Go Solution GPI-7 
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Registration 
Number 


Marketing 
Type2 Registrant Name Product Name Formulation 


Type 
Guarantee3 


(Salt Form –  
g a.e./L) 


29003 D Roundup Ready-To-Use Poison Ivy & Brush 
Control Non-Selective Herbicide Solution GPI-14 


29034 D Roundup Ready-To-Use Poison Ivy & Brush 
Control With Quick Connect Sprayer Solution GPI-14 


27013 D 


Sure-Gro IP Inc. 


Later’s Grass & Weed Killer Ready To Use Solution GPI-7 


27014 D Later’s Grass & Weed Killer Concentrate Solution GPI-143 


27015 D Later's Grass & Weed Killer Super 
Concentrate Solution GPI-356 


29580 D Later's Grass & Weed Killer Ready To Use  
EZ Spray Solution GPI-7 


29307 D 


Syngenta Canada Inc. 


Touchdown Ready-To-Use Herbicide Solution GPM-8.4 


29309 D Touchdown Super Concentrate Herbicide Solution GPM-360 


29310 D Touchdown Diquat Quick-Kill Ready-To-Use 
Herbicide Solution GPM-8.3  


DIQ-0.28 


28464 D 


Teragro Inc 


Totalex Concentrate Brush, Grass & Weed 
Killer Home Gardener Solution GPI-143 


28467 D Totalex Concentrate Brush, Grass & Weed 
Killer Virterra Solution GPI-143 


28469 D Totalex Ready-To-Use Brush, Grass & Weed 
Killer Virterra Solution GPI-7 


28470 D Totalex Ready-To-Use Brush, Grass & Weed 
Killer Home Gardener Solution GPI-7 


28471 D Totalex Super Concentrate Brush, Grass & 
Weed Killer Home Gardener Solution GPI-356 


28472 D Totalex Super Concentrate Brush, Grass & 
Weed Killer Virterra Solution GPI-356 


28574 D Totalex Rtu Brush, Grass & Weed Killer With 
1 Touch Power Sprayer Home Solution GPI-7.0 


28575 D Totalex Rtu Brush, Grass & Weed Killer With 
1 Touch Power Sprayer Solution GPI-7.0 


28576 D 
Totalex Extra Strength Rtu Brush, Grass & 
Weed Killer With 1 Touch Power Sprayer 


Home Gardener 
Solution GPI-14 


28577 D 
Totalex Extra Strength Rtu Brush, Grass & 
Weed Killer With 1 Touch Power Sprayer 


Virterra 
Solution GPI-14 


25600 M Cheminova Canada, 
Inc. 


Glyphosate Concentrate Herbicide Solution GPI-46.3 


27497 M Glyfos 356 MUC Solution GPI-356 


26449 M 


Dow Agrosciences 
Canada Inc. 


Glyphosate 62% Solution Manufacturing 
Concentrate Solution GPI-46 


27074 M Vantage Herbicide Solution Manufacturing 
Concentrate Solution GPI-356 


27075 M Vantage Plus Herbicide Solution 
Manufacturing Concentrate Solution GPI-360 


28783 M Gf-1667 Herbicide Manufacturing Concentrate Solution GPX-49 


28963 M Glyphosate 85% Manufacturing Concentrate Solution GPS-85 


29267 M Libertas Now Inc. Knockout 62 Solution GPI-46.0 


21061 M 


Monsanto Canada Inc. 


Mon 0139 Solution Herbicide Manufacturing 
Concentrate Solution GPI-46.0 


26919 M Mon 77945 Herbicide Manufacturing 
Concentrate Solution Solution GPI-46 


27183 M Mon 77973 Herbicide Manufacturing 
Concentrate Solution GPS-85 


27485 M Mon 78623 Herbicide Manufacturing 
Concentrate Solution GPP-47.3 


28603 M Mon 79380 Herbicide Manufacturing 
Concentrate Solution GPP-540 


28604 M Mon 79582 Herbicide Manufacturing 
Concentrate Solution GPP-540 


28605 M Mon 79544 Herbicide Manufacturing Solution GPP-540 
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Guarantee3 


(Salt Form –  
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Concentrate 


28625 M Mon 78087 Herbicide Manufacturing 
Concentrate Solution GPI-356 


29123 M Nufarm Agriculture 
Inc. 


Nufarm Glyphosate IPA Manufacturing 
Concentrate Solution GPI-46 


27871 M Syngenta Canada Inc. Glyphosate 600 SL Manufacturing Concentrate Solution GPS-600 


29719 M Teragro Inc Teragro Glyphosate Manufacturing 
Concentrate Solution GPI-46 


29645 T Agromarketing Co. 
Inc. Nasa Glyphosate Technical Solid GPS-96.37 


28321 T Albaugh Inc. Clearout Glyphosate Technical Solid GPS-96.7 


24337 T 


Cheminova Canada, 
Inc. 


Glyphosate Technical Solid GPS-85.8 


29143 T Glyfos Soluble Concentrate Herbicide 2 Solid GPS-97.9 


29326 T Cheminova Glyphosate Technical II Solid GPS-95.7 


29530 T Cheminova Glyphosate Technical III Solid GPS-98.2 


26450 T Dow Agrosciences 
Canada Inc. 


Glyphosate Technical Herbicide Solid GPS-96.3 


28967 T Technical Glyphosate Herbicide Solid GPS-96.2 


29265 T Libertas Now Inc. Knockout Tech Solid GPS-98.1 


29799 T 
Mey Corporation 


Mey Corp Glyphosate Technical Solid GPS-98.5 


30099 T Mgt Glyphosate Technical Solid GPS-96.4 


19535 T Monsanto Canada Inc. Glyphosate Technical Grade Solid GPS-96.3 


29381 T Newagco Inc. Newagco Glyphosate Technical Solid GPS-96.0 


28857 T Nufarm Agriculture 
Inc. Nufarm Glyphosate Technical Acid Solid GPS-96.5 


29980 T 


Sharda Worldwide 
Exports Pvt. 
Ltd./Sharda 


International Fze 


Sharda Glyphosate Technical Herbicide Solid GPS-96.2 


24344 T 


Syngenta Canada Inc. 


Glyphosate Acid Wet Paste Herbicide Paste GPS-88.8 


28983 T Technical Touchdown Herbicide Solid GPS-97.1 


29540 T Touchdown Technical Herbicide Solid GPS-99 


28882 T Teragro Inc Glyphosate Technical Herbicide Solid GPS-97.5 
1 GPS = glyphosate acid, GPI = glyphosate isopropylamine or ethnolamine salt, GPM = glyphosate mono-ammonium or diammonium salt, GPP = 
glyphosate potassium salt, GPX = glyphosate dimethylsulfonium salt, and GPO = GPI + GPP. Note that GPT (gltphosate trimethylsulfonium salt) 
has been voluntarily discontinued by the registrant Syngenta Canada Inc. 
2 C = Commercial Class, C+R = Commercial and Restricted Class, D = Domestic Class, M = Manufacturing Concentrate, T = Technical grade 
active ingredient. 
3 AME = s-metolachlor, DIC = dicamba, DIQ = diquat, DXB = 2,4-D (isomer specific), FOF = fomesafen, GLG = glufosinate ammonium and 
MER = mesotrione. 
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Appendix IIa Registered Commercial Class Uses of Glyphosate in Canada as 
of 3 May 2012. Uses From Discontinued Products or Products 
With a Submission for Discontinuation are Excluded1 


 


USCs2 Sites3 
Weeds and/or 


Harvest 
Management 


Application Methods and 
Equipment4 


Maximum Application 
Rate (kg a.e./ha) Maximum 


Number of 
Applications 


Per Year5 


Minimum 
Interval 
Between 


Applications 
(Days)5 


Single Cumulative 
Per Year5 


13 
14 


Wheat 
Barley 
Oats  


Weed control: 
Annual and 
perennial weeds 
 
Harvest 
management  


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 


4.320 9.542 4 [7] 


13 
14 Rye 


Annual weeds 
and foxtail 
barley 


Field sprayer  
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


0.902 0.902 1 Not 
applicable 


7 
13 
14 


Soybeans 


Weed control: 
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 
 
Boom or boomless 
 
Roller applicators 
 
Wick or other wiper applicators 


4.320 9.542 6  [7] 


7 
13 
14 


Soybeans 
 
(Glyphosate 
tolerant  
or Roundup 
Ready 
soybean 
varieties 
or Roundup 
Ready 2 Yield 
soybean 
varieties) 


Weed control: 
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 12.062 5 


[7] 
 


For in crop 
treatment,  


14 for 
sequential 
application 


and the 
second 


application 
must be no 
later than 
flowering 
stage of 
soybean. 
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USCs2 Sites3 
Weeds and/or 


Harvest 
Management 


Application Methods and 
Equipment4 


Maximum Application 
Rate (kg a.e./ha) Maximum 


Number of 
Applications 


Per Year5 


Minimum 
Interval 
Between 


Applications 
(Days)5 


Single Cumulative 
Per Year5 


7 
13 
14 


Corn Annual and 
perennial weeds 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 


4.320 8.640 3  [7] 


7 
13 
14 


Corn 
(glyphosate 
tolerant) 


Annual and 
perennial weeds 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 10.445 4  [7] 


14 


Corn – Sweet 
(Roundup 
Ready 2 
Technology) 


Annual and 
perennial weeds 


Boom or boomless  
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 10.438 4  [7] 


7 
13 
14 


Canola 


Weed Control:  
Annual and 
perennial weeds 
 
Harvest 
management  


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 9.542 3 [7] 


7 
13 
14 


Canola 
(glyphosate 
tolerant) 


Weed Control:  
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 10.890 5  [7] 


7 


Canola –
Roundup 
Ready Hybrid 
canola seed 
production 


When 
pollination is 
complete or 
near completion 


Boom sprayer 0.902 1.804 
2 


(sequential 
application) 


At least 5 
days 


13 
14 Peas 


Weed Control:  
Annual and 
perennial weeds 
 
Harvest 
management  


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 9.542 3  [7] 


14 Dry beans 


Weed Control:  
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 
 
Roller applicators 
 
Wick or other wiper applicators 


4.320 9.542 6  [7] 
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USCs2 Sites3 
Weeds and/or 


Harvest 
Management 


Application Methods and 
Equipment4 


Maximum Application 
Rate (kg a.e./ha) Maximum 


Number of 
Applications 


Per Year5 


Minimum 
Interval 
Between 


Applications 
(Days)5 


Single Cumulative 
Per Year5 


7 
13 
14 


Flax 
(including low 
linoleic acid 
varieties) 


Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 9.542 3  [7] 


14 Lentils 


Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 9.542 3 [7] 


13 
14 


Chickpeas 
 
Lupin (dried) 
 
Fava bean 
(dried) 


Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 9.542 3 [7] 


7 
13 
14 


Mustard 
(yellow/white, 
brown, 
oriental) 


Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 9.542 3  [7] 


13 


Pearl millet 
(pearl millet 
grain is to be 
harvested for 
use as animal 
feed only. Do 
not graze 
treated pearl 
millet forage 
or cut for 
hay.) 


Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 9.542 3  [7] 


14 


Sorghum 
(grain) (not 
for use as a 
forage crop) 


Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 9.542 3  [7] 


7 
13 
14 


Sugar beets Annual and 
perennial weeds 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 
 
Knapsack sprayers, hand held 
and high-volume equipment 
handguns or other suitable 
nozzle arrangement 


4.320 12.600 3  [7] 


7 
13 
14 


Sugar beets 
(Roundup 
Ready only) 


Emerged annual 
and perennial 
weeds 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


0.902 3.607 4 10 
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USCs2 Sites3 
Weeds and/or 


Harvest 
Management 


Application Methods and 
Equipment4 


Maximum Application 
Rate (kg a.e./ha) Maximum 


Number of 
Applications 


Per Year5 


Minimum 
Interval 
Between 


Applications 
(Days)5 


Single Cumulative 
Per Year5 


14 Asparagus Annual and 
perennial weeds Boom or boomless 4.320 12.600 3 [7] 


14 


Ginseng 
(North 
American) – 
new garden 
(BC only) Volunteer grain Boom sprayer, shielded 


sprayer, hand-held guns 


0.902 0.902 1 Not 
applicable 


Ginseng 
(North 
American) – 
Existing/estab
lished gardens 


0.902 1.804 2 [7] 


13 


Forage 
grasses and 
legume 
including seed 
production 


Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 


Boom or boomless 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 


4.320 10.440 4 [7] 


13 Pasture  


Annual and 
perennial 
vegetation 
 
Most 
herbaceous 
weeds, woody 
brush and trees 


Boom or boomless 
 
Mist blower 
 
Hand-held high volume 
equipment 
 
Ground Restricted use 
Aerial Restricted use 


4.320 8.640 2  [7] 


14 Strawberry Annual and 
perennial weeds 


Boom or boomless 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 
 
Wiper 


4.320 12.600 4 [7] 


14 Blueberry 
(highbush) 


Annual and 
perennial weeds 


Boom or boomless 
 
Shielded sprayer, hand held and 
high-volume orchards guns 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 


4.320 12.600 3 [7] 


14 Blueberry 
(lowbush) 


Annual and 
perennial weeds 
Woody brush 


Boom or boomless 
 
Shielded sprayer, hand held and 
high-volume orchards guns 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 


4.320 12.600 3 [7] 


14 Cranberry Annual and 
perennial weeds 


Boom or boomless 
 
Wipers and wicks 


4.320 12.600 2  [7] 


13 
(apples 
only) 


 
 


Apples 
Apricot 
Cherry – 
(Sweet/Sour) 
Peaches 


Annual and 
perennial weeds 


Boom sprayer, shielded 
sprayer, hand held and high-
volume orchards guns 
 
Rollers 


4.320 12.600 3 [7] 
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USCs2 Sites3 
Weeds and/or 


Harvest 
Management 


Application Methods and 
Equipment4 


Maximum Application 
Rate (kg a.e./ha) Maximum 


Number of 
Applications 


Per Year5 


Minimum 
Interval 
Between 


Applications 
(Days)5 


Single Cumulative 
Per Year5 


14 Pears 
Plums 
 


 
Wick or other wiper applicators 


14 Grapes Annual and 
perennial weeds 


Boom sprayer, shielded 
sprayer, hand held and high-
volume orchards guns 
 
Rollers 
 
Wick or other wiper applicators 


4.320 12.600 3 [7] 


14 Filberts or 
Hazelnut Annual weeds 


Boom or boomless 
 
Shielded sprayer, hand held and 
high-volume orchards guns 


4.320 12.600 [3] [7] 


14 


Walnut, 
Chestnut, 
Japanese 
heartnut 


Annual and 
perennial weeds 


Boom sprayer, shielded 
sprayer, hand held and high-
volume orchards guns 
 
Wipers 


4.320 12.600 


2 
Apply as a 


directed spray 
or as a wiper 


solution 


[7] 


4 
27 


Shelterbelts 
 
Nursery stock  
 
Woody 
ornamentals 
 
Including 
forest tree 
nursery and 
Christmas tree 
plantations 
 – Deciduous  


Annual and 
perennial weeds 


Boom or boomless 
 
Rollers 
 
Wick or other wiper applicators 


4.320 8.640 4 [7] 


4 
27 


Short rotation 
intensive 
culture 
(SRIC) poplar  


Annual and 
perennial weeds 


Boom or boomless 
 
Shielded sprayers for post- 
directed spray solution 


4.320 4.320 3 42 


7 
13 
14 


All other 
crops – Pre-
seeding 


Annual and 
perennial weeds 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia – 
Restricted use 


4.320 4.320 1 Not 
applicable 


7 
13 
14 


Summer 
fallow 


Annual and 
perennial weeds 


Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 


4.320 4.320 1 Not 
applicable 


4 Forest and 
Woodlands  


Herbaceous 
weeds, woody 
brush and trees,  
Ericaceous 
species (for 
example, 
Kalmia spp.-
sheep laurel, 
lamb kill) 


Boom or Boomless 
 
Mist blower 
 
Aerial – Restricted use 
 
Hand held and high-volume 
equipment 
 
Roller application 
 
Wick or other wiper applicators 


4.320 


9.000  
 
This is 
derived from 
the label of 
PCP# 29308 
(glyphosate at 
360 g/L) in 
which the 
annual 
maximum 
rate is 25 


[2] [7] 
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USCs2 Sites3 
Weeds and/or 


Harvest 
Management 


Application Methods and 
Equipment4 


Maximum Application 
Rate (kg a.e./ha) Maximum 


Number of 
Applications 


Per Year5 


Minimum 
Interval 
Between 


Applications 
(Days)5 


Single Cumulative 
Per Year5 


 
Injection application 
 
Diamondback Herbicide 
injection system (EZJECT) and 
equipment 
 
Cut stump application 


L/ha.  
 
The 
calculated 
cumulative 
rate per year 
is 8.640 kg 
a.e./ha. 


16 
Non-crop land 
and industrial 
uses 


Annual and 
perennial weeds 
 
Woody brush 
and trees 


Boom or boomless 
 
Hand held and high-volume 
application 
 
Aerial application:  
Restricted use 
 
Mist blower 
 
Rollers 
 
Wick or other wiper applicators 
 
Injection applications 
 
Diamondback Herbicide 
injection system (EZJECT)and 
equipment 
 
Low pressure equipment (for 
example, squirt bottle or similar 
device) 


4.320 12.960 [3] [7] 


30 


Turf grass 
(Prior to 
establishment 
or renovation) 


Annual and 
perennial weeds 


Boom or boomless 
 
Mist blower 
 
Hand-held high-volume 
application 


4.320 9.000 2.  [7] 


1. All uses are supported by the registrants. Information in [ ] is provided by the registrants. 
2. USCs 1 to 14 belong to the use sector AGRICULTURE AND FORESTRY, USCs 15-23 belong to the use sector INDUSTRY and USCs 


24-33 belong to the use sector SOCIETY.  
3. Sites are either as stated on the product label or as interpreted by the PMRA so as to achieve consistency in naming. For agricultural 


cropland use, the labels state that all crops can be treated with glyphosate prior to planting. This “prior to planting use on all crops” is 
captured in two parts. (1) It is captured in the Site column corresponding to the crop which appears on the labels for other use claim(s). For 
example, wheat appears on the label for in-crop spot treatment as well as pre-harvest application; the “prior to planting use” is added under 
the Wheat site; (2) It is captured in the “All other crops” section of the site column corresponding to the crop which does not appear on the 
label (for example, vegetables). Post-harvest stubble use is dealt with similarly. Thus, all claimed uses for a specific site are presented 
together.  


4. The Equipment column covers application equipment appearing on all product labels listing all possible application equipment for the 
specific site. All aerial applications are restricted uses and in bold text. 


5. Cumulative rate per year, maximum number of applications per year and minimum interval between applications: This information is 
currently specified for use on fruit tree, berry and vine crops but is not clearly specified for other uses such as agricultural cropland and non-
cropland. For agricultural cropland use, crops can, in theory, be treated with glyphosate at each of four windows: pre-planting, in-crop spot, 
pre-harvest and/or post-harvest. Typically, only one application at most is made at each application window. However, the product labels 
also state that a repeat treatment is required if heavy rainfall occurs immediately after application. In a growing season, it is possible to do 
sequential applications at some or all application windows, in other words: prior to planting + in-crop spot + pre-harvest + post-harvest 
stubble. For forestry and non-cropland use, the product labels state that repeat applications may be necessary to control late germinating 
weeds, regeneration from underground parts or seeds, and new growth or second flush of weeds germinating from the canopy closure. 
In addition, for wiper applications, the product labels state that best results may be obtained if two applications are made in opposite 
directions. The cumulative product rate per year is expressed to reflect the possible repeat application required if heavy rainfall occurs 
immediately after application. The cumulative a.i. rate per year, maximum number of applications per year and minimum interval between 
applications for a specific site are expressed to reflect all possible applications across the growing season, representing the worst case 
scenario. 
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Appendix IIb Registered Domestic Class Uses of Glyphosate in Canada as of 
23 October 2012. Uses from Discontinued Products or 
Products with a Submission for Discontinuation are Excluded.1 


 


USCs2 Sites3 Weeds Application 
Equipment 


Maximum Application 
Rate (g a.e./m2) 


Maximum 
Number of 


Applications 
Per Year 


Minimum 
Interval 
Between 


Applications  
(Days)4 


Single Cumulative 
Per Year 


16 


Hard to mow areas, 
around buildings, 
foundations and 
fence posts, lawn 
trimming/ edging, 
patio, vacant lots, 
storage and 
recreational areas, 
driveways and along 
fence lines 


Most annual and 
perennial grasses 
and weeds such as 
quackgrass, 
chickweed, 
ragweed, knotweed, 
poison ivy, Canada 
thistle, milkweed 
and bindweed Ground 


 
Do not use 
hose-end 
sprayers 
  
For Ready to 
Use products 
– Pull’N 
Spray or 
1 Touch 
Power 
Sprayer or  
with on/off 
nozzle or 
with child 
resistant 
closure lock 
or EZ 
SPRAYTM or 
Pump’N Go 


0.700  1.400 


[2] 
 
Heavy rainfall 
immediately 
after application 
may wash the 
chemical off the 
foliage and 
repeat treatment 
may be 
required.  
 
Use a repeat 
application on 
any seedlings 
that regrow 
from seeds or as 
new seedlings 
and vegetation 
emerge.  
  


[7] 


0.386 0.771 


27 Around trees/shrub/ 
ornamentals 


Most annual and 
perennial grasses 
and weeds such as 
quackgrass, 
chickweed, 
ragweed, knotweed, 
poison ivy, Canada 
thistle, milkweed 
and bindweed 


0.700 1.400 


0.386 0.771 


14 
27 Garden renovation 


Most annual and 
perennial grasses 
and weeds such as 
quackgrass, 
chickweed, 
ragweed, knotweed, 
poison ivy, Canada 
thistle, milkweed 
and bindweed 


0.700 1.400 


0.386 0.771 


30 Lawn renovation 


0.700 1.400 


0.386 0.771 


16 Brush control (for 
domestic use) 


Most brush such as 
poplar, alder, maple 
and raspberry 


0.700 1.400 


0.386 0.771 


14 
27 


In flower beds and 
vegetable gardens 
 
In large areas for 
garden plot 
preparation 


Poison ivy and 
brush  
 
Most types of weeds 
and grasses 


Ready to Use 
– Pull’N 
Spray 


0.355 0.710 


30 In large areas for 
lawn replacement  


1. All uses are supported by the registrants and the Glyphosate Task Force.  
2. USCs 1 to 14 belong to the use sector AGRICULTURE AND FORESTRY, USCs 15-23 belong to the use sector INDUSTRY and USCs 


24-33 belong to the use sector SOCIETY.  
3. Sites are either as stated on the product label or as interpreted by the PMRA so as to achieve consistency in naming.  
4. Information in [ ] is provided by the registrants. 
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Appendix III Toxicity Profile and Endpoints for Health Risk 
Assessment 


 
Table III.1A Summary of Toxicology Studies for Glyphosate Acid  


Note: Effects noted below are known or assumed to occur in both sexes unless otherwise noted; 
in such cases, sex-specific effects are separated by semi-colons. Effects on organ weights are 
known or assumed to reflect changes in absolute weight and relative (to body weight) weight 
unless otherwise noted. 
 


Study Type/ 
Animal/ PMRA # 


 


Study Results 


Toxicokinetic Studies 


Single Dose 
(Gavage or IV) 
 
F344 Rat 
 
PMRA#: 2391579 
 


Absorption: Peak blood radioactivity levels were reached within 1st and 2nd hours of oral 
administration for the low and high-dose groups, respectively. The peak blood radioactivity 
level was about 0.20% of the administered dose (AD) for the low oral dose and about 0.70% 
of the AD for the high oral dose. The 10-fold increase in the oral dose resulted in a 35-fold 
increase in the peak blood concentrations. The blood radioactivity versus time plot fit a two-
compartment model with a rapid distribution phase of 30 minutes and slower elimination phase 
of 13 hours. Blood radioactivity levels declined rapidly following an intravenous dose of 
5.6 mg/kg such that within 6 hours of dosing, over 90% of radioactivity was recovered in the 
urine. Comparison of the pattern of elimination following i.v. and oral administration of 
14C glyphosate suggested that the compound was incompletely absorbed. 
Distribution: Most of the radioactivity levels in the tissues were recovered in the 
gastrointestinal (GI) tract (mostly in the small intestine) up to the 12-hour time point following 
single oral administration of the low and high doses. Radioactivity was also detected in the 
liver, kidneys, skin and blood, but in comparably small amounts to the small and large 
intestines (0.1-0.7% of AD in these tissues and at different time-points). The tissue radioactive 
residues decreased from 12% of total radioactivity to less than 1% within 24 hours. 
Excretion: Following oral administration of 14C-glyphosate, elimination was similar in the low 
and high-dose groups although a higher percentage (58-74%) of radioactivity excreted through 
the feces and a lower portion (~ 35%) excreted through the urine. The fecal excretion peaked 
towards the end of the measurement (72-hour time point) for both dose groups. The urinary 
excretion of the radioactivity plateaued at 12 hours in the low-dose group and at 72 hours in 
 the high-dose groups. Following the intravenous administration of a low dose (5.6 mg/kg) of  
14C-glyphosate, the elimination was rapid (90% excreted within 6 hours) and occurred 
primarily through the urine. 


Single Dose (IP) 
 
Sprague-Dawley 
Rat 
 
PMRA#: 2391580 


Metabolism: The major radioactive excreted component was unchanged glyphosate. 
Excretion: feces (6-14%), urine (74-78%) after 5 days, negligible excretion via air. Tissue 
retention at 120 hrs was 1%. 


Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1184961 


Absorption: Rapidly absorbed  
Metabolism: The major radioactive excreted component was unchanged glyphosate. 6.9 
to 8.6% of AD in feces extracts corresponded to Aminomethylphosphonic acid (AMPA) 
Excretion: in urine (14% in ♂, 35-40% in ♀) and feces (81% in ♂) after 48hrs, negligible 
excretion via air.  
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Study Type/ 
Animal/ PMRA # 


 


Study Results 


Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212026 


Absorption: Incomplete (based on increased rapid fecal excretion) 
 
Distribution: Autoradiograms showed greater intensity of the radioactivity in bones and 
kidneys (reducing to negligible amounts by 48 hrs in kidneys.) 
 
Excretion: In urine (17.9% in ♂, 12.8% in ♀) and feces (59.3% in ♂, 80.3% in ♀) after 24 
hours. In urine (34% in ♂, 12.5% in ♀) and feces (60.5% in ♂, 91.2% in ♀) after 48 hours. 
Radioactivity recovered in the expired air was negligible. 


Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212027 


Absorption: Incomplete (based on increased rapid fecal excretion) 
 
Distribution: Less than 0.19/0.17% in ♂/♀ of AD present in the GI tract after 72 hrs. Tissue 
concentrations accounted for 0.5% of AD. Highest concentrations were in bone, liver, kidneys 
and lungs.  
 
Excretion: About 90% excreted within 24 hrs of dosing. In urine (13% in ♂, 11% in ♀) and 
feces (88.5% in ♂, 89% in ♀) after 72 hours 


Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212028 


Absorption: Incomplete (based on increased rapid fecal excretion) 
 
Distribution: Less than 0.12% of AD present in the GI tract after 72 hrs. Tissue concentrations 
accounted for 0.5% of AD. Highest concentrations were in bone, liver, and kidneys.  
 
Excretion: About 90% excreted within 24hrs of dosing. In urine (11% in ♂, 11% in ♀) and 
feces (87% in ♂, 91% in ♀) after 72 hours 


Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212029 


Absorption: Based on excretion and tissue distribution, the extent of absorption of an oral dose 
of glyphosate did not exceed 21%.  
 
Distribution: Tissue concentrations were not examined in this study.  
 
Metabolism: Poor metabolism since the parent (unchanged) compound excreted in the urine.  
 
Excretion: Unchanged glyphosate acid with < 1% AMPA in urine. Unchanged glyphosate acid 
in feces  
 
1000 mg/kg bw bile duct cannula dose: in urine (20.8% in ♂, 16.3% in ♀) and feces (39.1% in 
♂, 30.5% in ♀), bile (0.06% in ♂ and ♀) after 48 hrs.  
1000 mg/kg bw: in urine (16.0% in ♂, 16.7% in ♀) and feces (79.3% in ♂, 63.9% in ♀) 
10 mg/kg bw after 14 unlabelled doses: in urine (10.5% in ♂, 10.5% in ♀) and feces (52.9% in 
♂, 72.1% in ♀) 
10 mg/kg bw: in urine (12.7% in ♂, 10.5% in ♀) and feces (74.8% in ♂, 55.2% in ♀) 


Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212031 


Absorption: higher in fasted vs. non-fasted animals based on urinary and fecal radioactivity 
levels 
 
Distribution: The residues in carcass accounted for 2% of the dose in fasted and 0.5% in non-
fasted animals. The residues in GI tract were 0.23% in fasted and 0.13% in non-fasted animals.  
 
Excretion: in urine (fasted: 51%, non-fasted: 15%) and feces (fasted: 47%, non-fasted: 85%)  


Single Dose (IV) 
 
Wistar Rat 
 
PMRA#: 1212032 


Distribution: Around 3% of radioactivity was recovered in all tissues that included in 
decreased order of concentration: bone, spleen, kidneys, lungs, liver, GI tract and salivary 
glands. 
 
Excretion: in urine (88.3% in ♂, 74.6% in ♀) and feces (5.1% in ♂, 14.2% in ♀) after 72 
hours 


Single Dose 
(Gavage) 
 


Absorption: Incomplete (based on increased rapid fecal excretion) 
 
Distribution: Tissue concentration of radioactivity was low (accounted for less than 0.6% of 
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Study Type/ 
Animal/ PMRA # 


 


Study Results 


Wistar Rat 
 
PMRA#: 1212033 


the AD). Highest concentration in bone > kidneys > liver > lungs > spleen > salivary glands > 
brain.  
 
Excretion: Over 87% excreted within 24 hrs. Excretion in urine (17% in ♂, 17.5% in ♀) and 
feces (90% in ♂, 84.5% in ♀) after 72 hours. 


Single Dose 
(Gavage or IV) 
 
Non-guideline  
 
Wistar Rat 
 
PMRA#: 2391577 


Absorption: Glyphosate was slowly and poorly absorbed orally. The absorption half-life was 
2.29 hours while the maximal plasma concentration was 4.64 μg/ml and time to maximal 
plasma concentration was 5.16 hrs after the oral administration of glyphosate. The oral 
bioavailability of glyphosate was 23.21%. 
 
Metabolism: Not extensively metabolized in rats. AMPA was the main metabolite which 
represented 6.49% of the parent plasma concentrations.  
 
Distribution: After IV administration of 100 mg/kg bw, the distribution phase of glyphosate 
was fast (T1/2α = 0.345 hr) and with a high volume of distribution at steady state (Vss = 2.99 
L/kg) suggesting extensive distribution in extravascular tissues. The two compartment model 
was the best fit for both groups to establish the toxicokinetic characteristics. The values of 
apparent volume of distribution in the second compartment were 2.39 and 2.32 L/kg after IV 
and oral administration, respectively. 
 
Elimination: The rate of elimination of AMPA (T1/2β = 15.08 hr) after oral glyphosate 
administration was similar to that of glyphosate (T1/2α = 14.38). The elimination half-life 
calculated after IV administration was 9.99 hours. The elimination half-life of glyphosate 
increased by 44% (to 14.38 hr) after oral administration compared to the IV administration.  


14-Day 
Toxicokinetic 
(Diet)  
 
Wistar Rat  
 
PMRA#: 1182530 
or 1184946 
 
 


Absorption: Poor (based on increased rapid fecal excretion) 
 
Distribution: The body load (= cumulative intake – cumulative excretion) < 5% of the AD for 
low and high-dose groups (mid-dose group calculation resulted in a negative value). Maximum 
concentration levels reached in tissues by 10th day of exposure. Tissue concentration: kidney, 
spleen > fat > liver > ovaries > heart > muscle > brain > testes (the trend in all dose groups).  
 
Excretion: Rate of excretion in urine and feces equalled the rate of intake by day 6-8 
(indicating a plateau/steady state level had been reached). Mean urinary excretion was 8.3%, 
10.5% and 8.5% of the AD for low, mid- and high-dose groups by the end of the treatment. 
Fecal excretion was over 90% of the AD for each dose group. The urinary excretion had 
decreased by 96% two days after cessation of the treatment. The fecal excretion was negligible 
four days after treatment was stopped.  


Single Dose 
(Gavage) 
 
NZW Rabbits 
 
PMRA#: 
1184958,  
1184959 


Metabolism: The major radioactive excreted component was unchanged glyphosate 
Distribution: Highest in gut (2.5%) followed by liver, kidney, spleen, heart, muscles, and 
gonads. 
Excretion: Feces (80 %), urine (7-10%) after 5 days, negligible excretion via air. 


Acute Toxicity Studies 


Acute Oral 
Toxicity (Gavage) 
 
SPF Mice  
 
PMRA#: 1161775 


LD50 > 2000 mg/kg bw  
 
@ 2000 mg/kg bw: ↑ piloerection and sedation shortly noted after treatment but returned to 
normal after 24 hours.  
  
Low acute toxicity  


Acute Oral 
Toxicity (Gavage) 


LD50 = 5600 mg/kg bw  
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Study Type/ 
Animal/ PMRA # 


 


Study Results 


 
Wistar Rat 
 
PMRA#: 1184851 


≥ 2500 mg/kg bw: ↑ piloerection, ↑ lethargy (persisted up to 7 days after dosing), ↑ pale liver 
and kidneys (animals which died), ↑ ataxia, ↑ convulsions, ↑ muscle tremors, ↑ red nasal 
discharge, ↑ clear oral discharge, ↑ urinary staining of the abdomen, ↑ soft stool, ↑ fecal 
staining of the abdomen  
 
Low acute toxicity 


Acute Oral 
Toxicity (Gavage) 
 
Wistar Rat 
 
PMRA#: 1161752 


LD50 > 5000 mg/kg bw  
 
@ 5000 mg/kg bw: ↑ diarrhea noted on day 2 
 
Low acute toxicity  


Acute Oral 
Toxicity (Gavage) 
 
Wistar Rats 
 
PMRA#: 1211998 


 
LD50 > 5000 mg/kg bw  
 
Low acute toxicity  


Acute Oral 
Toxicity (Gavage) 
 
Wistar Rats 
 
PMRA#: 1874174 


LD50 > 5000 mg/kg bw  
 
@ 5000 mg/kg bw: 1♀ exhibited laboured breathing on day 4 and 6 after treatment 
 
Low acute toxicity  


Acute Oral 
Toxicity (Gavage)  
 
Rabbits 
 
PMRA #: 
1184695 


LD50 = 3800 mg/kg bw  
 
≥ 2000 mg/kg bw: ↑ hypoactivity  
 
≥ 3000 mg/kg bw: ↑ mortality, ↑ hemorrhage and ulceration of the stomach  
 
 
Low acute toxicity 


Acute Dermal 
Toxicity  
 
Sprague-Dawley  
Rats 
 
PMRA#: 1161756 


Supplemental  
 
LD50 > 2000 mg/kg bw  
 
@ 2000 mg/kg bw: Piloerection and reduced activity. Scab formation @ the test site 2-14 days 
after dosing.  
 
 
Low acute toxicity 


Acute Dermal 
Toxicity  
 
Wistar Rats  
 
PMRA#: 1211999 


LD50 > 2000 mg/kg bw  
 
@ 2000 mg/kg bw: One male showed slight erythema on days 2 and 3 and one female had 
scabs from days 3 to 8.  
 
Low acute toxicity 


Acute Dermal 
Toxicity  
 
Wistar Rats  
 
PMRA#: 1874176 


LD50 > 2000 mg/kg bw  
 
Low acute toxicity  
 


Primary Dermal 
Irritation  


Supplemental  
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Study Type/ 
Animal/ PMRA # 


 


Study Results 


 
NZW Rabbit 
 
PMRA#: 1161763 
 


Non irritating 


Primary Dermal 
Irritation  
 
NZW Rabbit 
 
PMRA#: 1212002 


Non irritating 
 
 


Primary Dermal 
Irritation  
 
NZW Rabbit 
 
PMRA#: 1874186 


Non irritating 
 


Dermal 
Sensitization  
 
Hartley  
Guinea Pig 
 
PMRA#: 2391580 


Negative  


Dermal 
Sensitization  
 
♀ Guinea Pigs 
 
PMRA#: 1161765 


Negative  


Dermal 
Sensitization  
 
♀ Guinea Pigs 
 
PMRA#: 1212003 


@ 75% w/v prep: animals showed scattered mild redness (considered skin irritation) 
 
Negative  


Dermal 
Sensitization  
 
Guinea Pigs 
 
PMRA#: 1874187 
 


Negative  


Primary Eye 
Irritation Study  
 
Rabbit 
 
PMRA#: 1184853 


Unwashed eyes: 5 showed conjunctival redness, one showed chemosis, one eye showed 
conjunctival necrosis, one eye showed corneal opacity and ulceration.  
Washed eyes: 2/3 show corneal opacity and ulceration, conjunctival redness and chemosis.  
 
The effects cleared by Day 7.  
 
Mildly irritating 
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Study Type/ 
Animal/ PMRA # 


 


Study Results 


Eye Irritation  
 
NZW Rabbit 
 
PMRA#: 1161760 


Supplemental  
 
One rabbit was tested first and observed 1 hour after instillation. As severe irritation 
characterized by conjunctival redness and chemosis, corneal opacity, discharge were noted, 
other animals were not tested.  
 
Severely irritating 


Eye Irritation  
 
NZW Rabbit 
 
PMRA#: 1161761 


Supplemental  
 
Iritis and moderate conjunctival redness and chemosis  
 
Moderately irritating 


Eye Irritation  
 
NZW Rabbit  
 
PMRA#: 1212001 


Corneal effects included slight to mild opacity affecting up to the entire cornea (seen in all 
animals during first two days).  
 
Conjunctival effects included slight to moderate redness, slight to moderate chemosis and 
slight to severe discharge noted in all animals up to day 4.  
 
Additional observations included mucoid discharge, eye closed, irregular corneal surface, 
convoluted eyelids, and erythema of the upper and/or lower eyelids, raised corneal opacity, 
Harderian gland discharge and nictitating membrane partially hemorrhagic. 
 
Moderately irritating 


Eye Irritation  
 
NZW Rabbit 
 
PMRA#: 1874178 


Slight conjunctival redness (MIS = 1.67) and chemosis (MIS = 0.67 to 1.33) were observed.  
 
Minimally irritating  
 


Acute Inhalation 
Toxicity (Head 
only) 
 
Sprague-Dawley  
Rat 
 
PMRA#: 1161758 


Supplemental  
 
 
LC50 > 4.98 mg/L  
 
 
Low acute toxicity  
 


Acute Inhalation 
Toxicity (Nose-
only) 
 
Wistar Rat  
 
PMRA#: 1212000 


LC50 > 4.27 mg/L  
 
≥ 2.43 mg/L: ↑ hunched posture, ↑ piloerection, ↑ wet fur, ↑ breathing irregularities, ↑ reduced 
righting reflex, ↑ shaking, ↑ splayed gait 
 
@ 4.27 mg/L: ↑ mortality (2/5 ♂ and 2/5 ♀)  
 
Low acute toxicity  


Acute Inhalation 
Toxicity  
(Head only) 
 
Wistar Rat  
 
PMRA#: 1874177 


LC50 > 2.15 mg/L  
 
 
Low acute toxicity  
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Study Type/ 
Animal/ PMRA # 


 


Study Results 


Short-Term Toxicity Studies 


90-Day Oral 
Toxicity (Diet)  
 
CD-1 Mouse 
 
PMRA#: 1161787 


Supplemental  
 
≥ 935/939 mg/kg bw/day: ↑ incidence of cortical tubular epithelial hypertrophy (adaptive and 
not clearly dose-responsive)  
 
Parotid and sublingual salivary glands were not examined.  
 
Collection of small plasma volumes affected hematology and clinical chemistry analysis.  


90-Day Oral 
Toxicity (Diet)  
 
B6C3F1 Mouse 
 
PMRA#:  
2391579 


NOAEL = 507 mg/kg bw/day (♂) 
NOAEL = 753 mg/kg bw/day (♀) 
 
No treatment-related effect on food consumption, sperm counts, morphology and motility, or 
estrual cycle length. 
 
≥ 507/753 mg/kg bw/day: ↑ right kidney wt, ↑ lungs wt (♂)  
 
≥ 1065/1411 mg/kg bw/day: ↑ incidence and severity of cytoplasmic alterations of the parotid 
salivary gland; ↑ heart wt (♂)  


28-Day Oral 
Toxicity (Diet) 
 
Sprague-Dawley 
Rat 
 
Range-finding 
 
PMRA#: 1161768 


≥ 255/277 mg/kg bw/day: ↑ ALT; ↑ ALP, ↑ phosphate (♂); ↑ mineral deposits at the 
corticomedullary junction in the kidneys (2/5 [1 very mild, 1 mild], 2/5 [1 very mild, 1 mild], 
4/5 [2 very mild, 2 mild] @ top three doses respectively) (♀) 
 
≥ 1034/1047 mg/kg bw/day: ↓ BWG; ↑ WBC, ↑ lymphocytes (♂); ↓ BW, ↑ ALP, ↓ adrenals 
wt (♀)  
 
@ 2592/2614 mg/kg bw/day: ↑ incidence of soft feces , ↓ BW, ↓ adrenals wt (♂); ↓ pChE (♀)  
 
Salivary glands were not examined. 


28-Day Oral 
Toxicity (Diet) 
 
Wistar Rat  
 
Range-finding 
 
PMRA#: 1212041 


≥ 100 mg/kg bw/day: ↓ BW (♂) 
 
≥ 250 mg/kg bw/day: ↑ ALP; ↑ ALT (♂); ↓ urinary pH, ↓ FE (♀) 
 
@ 1000 mg/kg bw/day: ↑ RBC, ↑ platelet, ↑ incidence of hydronephrosis (1/6, 1/6 vs. 0/6); ↓ 
FC, ↓ FE, ↑ glucose, ↓ abs. brain wt, ↑ rel. testes wt (♂); ↓ BW, ↓ BUN, ↓ kidney wt (♀)  


90-Day Oral 
Toxicity (Diet) 
 
F344 Rats  
 
PMRA#: 2391579 


NOAEL = ND 
LOAEL = 205 mg/kg bw/day (♂) 
LOAEL = 213 mg/kg bw/day (♀) 
 
≥ 205/213 mg/kg bw/day: ↑ ALP, ↓ thymus wt, ↑ incidence and severity of cytoplasmic 
alterations of the parotid and submandibular salivary glands  
 
≥ 410/421 mg/kg bw/day: ↑ ALT (♂) 
 
≥ 811/844 mg/kg bw/day: ↑ Hct, ↑ RBC, ↓ sperm counts (10-20%) (♂) 
 
≥ 1678/1690 mg/kg bw/day: ↓ BW, ↓ BWG, ↑ bile acids; ↑ rel. liver wt, ↑ rel. right kidney wt, 
↑ rel. right testicle wt, ↑ Hgb (♂) 
 
@ 3393/3939 mg/kg bw/day: ↑ incidence of diarrhea, ↓ FC; ↑ platelet, ↓ abs. heart wt (♂); ↑ 
lymphocytes, ↑ WBC, ↑ MCH, ↑ MCV, ↑ rel. right kidney wts, ↑ estrous cycle length (5.4 days 
vs. 4.9 days) (♀) 
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Study Type/ 
Animal/ PMRA # 


 


Study Results 


90-Day Oral 
Toxicity (Diet) 
 
Sprague-Dawley 
Rat  
 
PMRA#: 1161777 


NOAEL = ND 
LOAEL = 30 mg/kg bw/day (♂) 
LOAEL = 31 mg/kg bw/day (♀) 
 
≥ 30/31 mg/kg bw/day: ↑ incidence and severity of cellular alterations of the parotid salivary 
gland 
 


90-Day Oral 
Toxicity (Diet) 
 
Wistar Rat  
 
PMRA#: 1212004 
and 1410983 
 


NOAEL = 414 mg/kg bw/day (♂) 
NOAEL = 1821 mg/kg bw/day (♀) 
 
≥ 81/90 mg/kg bw/day: ↑ ALT, ↑ ALP; ↑ prothrombin time, ↓ platelet count (♂) (non-adverse) 
 
≥ 414/447 mg/kg bw/day: ↓ platelet count (♀) (non-adverse) 
 
@ 1693/1821 mg/kg bw/day: ↓ BUN; ↓ BW, ↓ BWG, ↓ FE, ↓ triglycerides, ↓ plasma total 
protein, ↓ heart wt, ↓ liver wt (♂); ↑ AST (♀)  
 
Salivary glands were not examined.  


21-Day Dermal 
Toxicity  
 
Sprague-Dawley 
Rat 
 
PMRA#: 1161790 


LOAEL (irritation) = 1000 mg/kg bw/day 
LOAEL (systemic) = 1000 mg/kg bw/day  
 
@ 1000 mg/kg bw/day: ↑ very slight erythema (♂: 2/5, ♀: 3/5 during wk 2, only 1/5 ♀ 
showed this effect during wk 3), ↑ desquamation (♂: 3/5 moderate to severe, ♀: 5/5 mild to 
severe during wk 2, 1/5 in each of ♂ and ♀ during wk 3 with mild severity grading; 1/5 ♀ 
thickening and severe desquamation during wk 3); ↑ unilateral dilatation of the kidneys (2/5 vs. 
0/5), ↑ unilateral papillary necrosis (1/5 vs. 0/5), ↑ urothelial hyperplasia (2/5 vs. 0/5), ↑ pelvic 
dilation (3/5 [severity grade: +, ++, +++] vs. 0/5) (♂) 


21-Day Dermal 
Toxicity  
 
Wistar Rat 
 
PMRA#: 1212007 


NOAEL (irritation) ≥ 1000 mg/kg bw/day 
NOAEL (systemic) ≥ 1000 mg/kg bw/day  
 
Not systemic or dermal irritation effect 


21-Day Dermal 
Toxicity  
 
NZW Rabbit 
 
PMRA#: 2443653 


NOAEL (irritation) = 1000 mg/kg bw/day 
NOAEL (systemic) ≥ 5000 mg/kg bw/day  
 
No systemic toxicity (no treatment-related effect on BW, hematology, clinical chemistry, organ 
weights, or histopathology) 
 
@ 5000 mg/kg bw/day: ↑ slight dermal irritation (erythema and edema on intact and abraded 
skin of both sexes); ↓ FC (♀) 


90-Day Oral 
Toxicity (Diet) 
 
Beagle Dog  
 
PMRA#: 1184795 


Supplemental  
 
No treatment-related effect on BW, hematology, clinical organ weights, or histopathology 
 
 


90-Day Oral 
Toxicity (Diet) 
 
Beagle Dog 
 
PMRA: 1212005 


NOAEL = 323 mg/kg bw/day (♂) 
NOAEL = 334 mg/kg bw/day (♀) 
 
≥ 68/68 mg/kg bw/day: ↑ abs. adrenals wt, ↑ liver wt (♂) (non-adverse) 
  
≥ 323/334 mg/kg bw/day: ↑ creatine kinase, ↑ kidneys wt (♂) (non-adverse) 
 
@ 1680/1750 mg/kg bw/day: ↓ BWG; ↓ RBC, ↓ albumin, ↓ total protein, ↓ [Ca++], ↓ [K+] (♂); 
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↑ ALP, ↓ ovaries wt (♀)  


12-Month Oral 
Toxicity 
(Capsule)  
 
Beagle Dog 
 
PMRA#: 1161788 


NOAEL = 30 mg/kg bw/day (♂) 
NOAEL = 300 mg/kg bw/day (♀) 
 
≥ 30 mg/kg bw/day: ↓ BW, ↓ BWG, ↑ liver wt (♂)  
 
≥ 300 mg/kg bw/day: ↑ incidence of soft/loose/liquid stool 
 
@ 1000 mg/kg bw/day: ↓ urinary pH; ↑ kidneys wt (♂); ↓ BW, ↓ BWG (♀)  


12-Month Oral 
Toxicity 
(Capsule)  
 
Beagle Dog 
 
PMRA #: 
1202148  


NOAEL = 20 mg/kg bw/day  
 
≥ 100 mg/kg bw/day: ↓ pituitary wt, ↑ lymphoid nodules in epididymis (1/6, 2/6 @ mid and 
high dose) (♂); ↑ tubular regeneration of the kidneys (accompanied with presence of epithelial 
cells and protein in urine of 1/5 in mid- and high-dose group) (♀) 
 
@ 500 mg/kg bw/day: ↑ testes wt (abs.: 14%, rel.: 13%), ↑ ovaries wt (9%) 
 


12-Month Oral 
Toxicity (Diet)  
 
Beagle Dog 
 
PMRA#: 1212006 
 


NOAEL = 90.9 mg/kg bw/day (♂) 
NOAEL = 448 mg/kg bw/day (♀) 
 
≥ 90.9/92.1 mg/kg bw/day: ↓ plasma phosphorus, ↑ creatine kinase, ↓ epididymides wt, ↑ 
transitional epithelial hyperplasia in the kidneys (♂)  
 
@ 906/926 mg/kg bw/day: ↓ BW; ↓ brain wt, ↑ kidneys wt, ↑ thyroid wt (♂); ↓ plasma 
phosphorus, ↓ thyroid wt (♀) 


Chronic Toxicity/Oncogenicity Studies 


24-month 
Oncogenicity 
(Diet)  
 
CD-1 mouse 
 
PMRA #: 
1161786, 
1161795 
 


NOAEL = 98 mg/kg bw/day (♂) 
NOAEL = 102 mg/kg bw/day (♀) 
 
≥ 98/102 mg/kg bw/day: ↓ adrenals wt (♂); ↑ ovaries wt, ↑ thymus wt (♀)(non-adverse)  
 
≥ 297/298 mg/kg bw/day: ↑ incidence of mineral deposits in the brain; ↑ thymus wt, ↑ abs. 
lungs wt, ↑ liver wt (♂); ↑ incidence of unilateral foci of tubulostromal hyperplasia in the 
ovaries  
 
Equivocal evidence of oncogenicity  


26-month Oral 
Toxicity and 
Oncogenicity 
(Diet)  
 
Sprague-Dawley 
Rat  
 
PMRA#: 1184837 
1184838 
1184839  


NOAEL ≥ 32 mg/kg bw/day (♂) 
NOAEL ≥ 34 mg/kg bw/day (♀) 
 
No treatment-related effect on mortality, clinical signs of toxicity, hematology, clinical 
chemistry, urinalysis, organ weights, or histopathology. MTD was not reached.  
 
No evidence of carcinogenicity 
 
Submandibular gland was examined histologically  


24-month Oral 
Toxicity and 
Oncogenicity 
(Diet)  
 
Sprague-Dawley 
Rat 


NOAEL = 89 mg/kg bw/day (♂) 
NOAEL = 113 mg/kg bw/day (♀) 
 
No treatment-related effects on clinical signs of toxicity, mortality. 
 
≥ 362/457 mg/kg bw/day: ↑ inflammation and hyperplasia of squamous mucosa in the 
stomach; ↓ and/or absence of sperm in the epididymides, ↑ cell detritus in the duct lumen of the 
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Study Results 


 
PMRA #: 
1235214, 
1235215 


epididymides (♂)  
 
@ 940/1183 mg/kg bw/day: ↓ urinary pH, ↑ abs. and rel. liver wt (interim and terminal sacs), 
↑ testes wt (rel. to brain wt), ↑ necrosis in glandular stomach, ↑ myeloid hyperplasia of the 
bone marrow (7/50, vs. 3/50), ↑ testicular effects (♂),↑ cataract/lens fiber degeneration; ↓ BW, 
↓ BWG, ↑ ALP, ↑ mammary gland hyperplasia (39% vs. 20% [16/58, 19/54, 13/59, 22/57]) 
(♀) 
 
No evidence of carcinogenicity  
Submandibular salivary gland was examined histologically 


24-month Oral 
Toxicity and 
Oncogenicity 
(Diet)  
 
Sprague-Dawley 
Rat 
 
PMRA #s: 
1161796, 
1161797, 
1161798  


NOAEL = 10 mg/kg bw/day (♂) 
NOAEL = 10 mg/kg bw/day (♀) 
 
≥ 10 mg/kg bw/day: ↓ BW (@ 52 wk), ↓ abs. kidneys wt (@ 52 wk), ↓ abs. liver wt (@ 52 
wk), ↑ parotid gland wt (@ wk 52) (♂); ↓ rel. liver wt (@ wk 52) (♀)  
 
≥ 101/103 mg/kg bw/day: ↑ incidence and severity of cellular alteration in the submandibular 
and parotid salivary glands @ interim and terminal sacs, ↓ BWG (interim sac animals only); ↑ 
ALP (3, 6, 12, 18, and 24-month) (♀) 
 
No evidence of carcinogenicity 


24-month Oral 
Toxicity and 
Oncogenicity 
(Diet)  
 
Wistar Rat 
 
PMRA #: 
1212011, 
1212012, 
1212013 


NOAEL = 361 mg/kg bw/day (♂) 
NOAEL = 437 mg/kg bw/day (♀) 
 
≥ 121/145 mg/kg bw/day: ↑ incidence of red-brown staining of tray paper 
 
≥ 361/437 mg/kg bw/day: ↑ ALP, ↑ ALT, ↑ AST (various time-points @ this dose, throughout 
all time points at the high dose); ↓ plasma creatinine (wk 27 @ this dose and wk 14 @ high 
dose), ↑ incidence of papillary necrosis in the kidneys (♀) 
 
@ 1214/1498 mg/kg bw/day: ↑ incidence of red-brown coloured urine, ↓ BW, ↓ FC, ↓ FE; ↑ 
total bilirubin, ↓ triglycerides, ↓ cholesterol, ↓ urinary pH, ↑ incidence of transitional cell 
hyperplasia in the kidneys, ↑ incidence of papillary necrosis in the kidneys, ↑ incidence of 
prostatitis (♂)  
 
No evidence of carcinogenicity 


Developmental/Reproductive Toxicity Studies 


Two-generation 
reproduction 
toxicity (Diet)  
 
Sprague-Dawley 
Rat  
 
PMRA#: 1235339 


Parental Toxicity  
NOAEL = 685 mg/kg bw/day (♂) 
NOAEL = 779 mg/kg bw/day (♀) 
 
No treatment-related effect on gross necropsy, and histopathology findings.  
 
≥ 685/779 mg/kg bw/day: ↓ BW (non-adverse) 
 
@ 1768/2322 mg/kg bw/day: ↑ soft stools (P & F1), ↓ BW (P♂&♀), ↓ BWG (P & F1); ↓ BW 
(all GD periods, and on LD 0, 7, & 14, respectively) 
 
Offspring toxicity  
NOAEL = 115/160 mg/kg bw/day (♂/♀) 
 
≥ 685/779mg/kg bw/day: ↓ BW (F2a on LD 21) 
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@ 1768/2322mg/kg bw/day: ↓ BW (F1a on LD 21, respectively), ↓ litter size (F1a, F2a, F2b, this 
effect was not accompanied with an increase in the dead pups/litter), ↑ tubular dilatation/cysts 
in the kidneys (F2b) 
 
Reproductive toxicity  
NOAEL = 685 mg/kg bw/day (♂) 
NOAEL = 779 mg/kg bw/day (♀) 
 
@ 1768/2322mg/kg bw/day: ↓ litter size (F1a, F2a, F2b, this effect was not accompanied with an 
increase in the dead pups/litter) 
 
No treatment-related effects on mating, pregnancy, and fertility indices.  
 
Sperm parameters (motility and morphology), estrous cycle length and periodicity, and ovarian 
follicle were not examined. 
 
No sensitivity of the young  


Two-generation 
reproduction 
toxicity (Diet)  
 
Sprague-Dawley 
Rat  
 
PMRA#: 1161793 


Parental Toxicity  
NOAEL = 48 mg/kg bw/day (♂) 
NOAEL = 59 mg/kg bw/day (♀) 
 
≥ 143/179 mg/kg bw/day: ↑ (minimal) hypertrophy of acinar cells with (prominent) granular 
cytoplasm in the parotid and submandibular salivary glands  
 
Offspring toxicity  
NOAEL ≥ 488/595 mg/kg bw/day (♂/♀) 
 
No treatment-related effects on mean litter wt, mean pup wt, preputial separation and vaginal 
opening.  
 
Reproduction toxicity  
NOAEL ≥ 488/595 mg/kg bw/day (♂/♀) 
 
No treatment-related effects on mating, pregnancy, and fertility indices 
 
Sperm parameters (motility and morphology), estrous cycle length and periodicity, and ovarian 
follicle were not examined 
 
No sensitivity of the young  


Two-generation 
reproduction 
toxicity (Diet)  
 
Wistar Rat  
 
PMRA#: 
1212014, 
1212015 


Parental Toxicity  
NOAEL = 293 mg/kg bw/day (♂) 
NOAEL = 323 mg/kg bw/day (♀) 
 
No treatment-related effect on gross necropsy, organ weights, and histopathology findings.  
 
≥ 293/323 mg/kg bw/day: ↑ scaly tails (P♂ and F1♀); ↑ incidence and severity of luminal 
dilatation of the uterus 
 
@ 985/1054 mg/kg bw/day: ↑ rel. liver wt (P), ↑ rel. kidney wt (P) ↑ incidence of transitional 
epithelial hyperplasia (F1); ↓ BW (F1♂), ↓ FC (F1♂); ↑ glandular dilatation of uterus (F1),  
 
Offspring toxicity  
NOAEL = 99.4 mg/kg bw/day (♂) 
NOAEL = 104 mg/kg bw/day (♀) 
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≥ 293/323 mg/kg bw/day: ↓ BW (F1a♂ on LD 22 at this dose and throughout all LDs @ high 
dose, respectively)  
 
@ 985/1054 mg/kg bw/day: ↓ spleen wt (F1a♀, F2a♀), ↓ abs. thymus weight (F1a♂: 11% and 
F1a♀: 13%), ↑ incidence of unilateral and bilateral pelvic dilatation of the kidneys (F2a) 
 
Microscopic pathology was not conducted in the offspring.  
 
Reproduction toxicity  
NOAEL = 985 mg/kg bw/day (♂) 
NOAEL = 323 mg/kg bw/day (♀) 
 
@ 985/1054 mg/kg bw/day: ↑ mean # of estrual cycles (P), ↓ mean estrual cycle length (P, F1) 
 
No treatment-related findings on number of sperm, sperm motility parameters, sperm 
morphology, number of oocytes or reproductive performance.  
 
No sensitivity of the young  


Prenatal 
Developmental 
(Gavage) 
 
Sprague-Dawley 
Rat  
 
PMRA#: 1184726 


Maternal Toxicity  
NOAEL = 300 mg/kg bw/day 
 
≥ 1000 mg/kg bw/day: ↑ incidence of hydronephrosis (one in each of mid- and high-dose 
groups) 
 
Developmental Toxicity 
NOAEL = 1000 mg/kg bw/day 
 
@ 3500 mg/kg bw/day: ↓ BW, ↓ number of viable fetuses/dam, ↑ absent kidneys and ureters 
(3 fetuses, 2 litters), ↑ skeletal variants, ↑ incidence of reduced ossification of the sternebrae 
 
No evidence of malformation or sensitivity of the young  


Prenatal 
Developmental 
(Gavage) 
 
Sprague-Dawley 
Rat  
 
PMRA#: 1161778 


Maternal Toxicity  
NOAEL = 300 mg/kg bw/day 
 
≥ 1000 mg/kg bw/day: ↑ noisy respiration, ↓ BWG (started during the 1st two days of 
treatment and continued throughout to GD 20)  
 
Developmental Toxicity 
NOAEL = 300 mg/kg bw/day 
 
≥ 1000 mg/kg bw/day: ↑ skeletal anomalies, ↑ incidence of wavy ribs/rib distortions  
 
No evidence of malformation or sensitivity of the young  


Prenatal 
Developmental 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212016 


Maternal Toxicity  
NOAEL = 500 mg/kg bw/day 
 
@ 1000 mg/kg bw/day: 1/24 total litter resorption (0/24 in other groups)  
 
Developmental Toxicity 
NOAEL = 500 mg/kg bw/day 
 
@ 1000 mg/kg bw/day: ↑ not ossified odontoid (unossified skeletal effect), , ↑ hydroureter  
 
No sensitivity of the young 
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Prenatal 
Developmental 
(Gavage) 
 
NZW Rabbit 
 
PMRA#: 
1212017, 
1411000 


Maternal Toxicity  
NOAEL = 100 mg/kg bw/day 
 
≥ 100 mg/kg bw/day: ↑ diarrhea: few and no feces, and staining in genital area, ↓ FC, ↓ gravid 
uterus weight (non-dose-responsive) 
 
@ 300 mg/kg bw/day: ↓ BW, ↑ post-implantation loss, ↑ early intra uterine deaths 
 
Developmental Toxicity 
NOAEL = 175 mg/kg bw/day 
 
@ 300 mg/kg bw/day: ↓ fetal BW, ↑ incidence of partially ossified transverse process 7th 
cervical vertebrae, ↑ incidence of unossified transverse process 7th thoracic vertebrae, ↑ 
incidence of 27th pre-sacral vertebrae, ↑ incidence of partially ossified 6th sternebrae, ↑ manus 
score, ↑ pes score 
 
No evidence of malformation or sensitivity of the young 


Prenatal 
Developmental 
(Gavage) 
 
Dutch belted 
Rabbit 
 
PMRA#: 1184727 


Maternal Toxicity  
NOAEL = 75 mg/kg bw/day 
 
≥ 175 mg/kg bw/day: ↑ mortality, ↑ soft stools and diarrhea, one abortion (GD 27) 
 
Developmental Toxicity 
NOAEL = 175 mg/kg bw/day 
 
≥ 75 mg/kg bw/day: ↓ fetal BW 
 
@ 350 mg/kg bw/day: ↑ incidence of 27th presacral vertebrae, ↑ incidence of 13th rudimentary 
and full ribs, ↑ incidence of unossified sternebra 
 
No evidence of malformation or sensitivity of the young 


Prenatal 
Developmental 
(Gavage) 
 
NZW Rabbit  
 
PMRA#: 1161779 
 


Maternal Toxicity  
NOAEL = 50 mg/kg bw/day 
 
≥ 150 mg/kg bw/day: ↑ reduced fecal output, ↑ soft/liquid feces, and ↑ blood on tray, ↓ BWG, 
↓ FC  
 
Developmental Toxicity 
NOAEL = 50 mg/kg bw/day 
 
≥ 150 mg/kg bw/day: ↑ fetuses with one or more cardiovascular abnormalities  
  
Evidence of malformation 


Genotoxicity Studies 


In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium)  
 
PMRA#: 1161785 


Negative 
 
≥ 1.3 mg/plate: Cytotoxicity (± S9) 
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In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium)  
 
PMRA #: 
2391580 


Negative  
 
@ 5000 μg/plate: Cytotoxicity (± S9) 


In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium)  
 
PMRA# 1212019 


Negative  
 
@ 5.0 mg/plate: Cytotoxicity (± S9) 


In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium and 
Escherichia Coli)  
 
PMRA# 1212022 


Negative  
 
≥ 2.5 mg/plate: Cytotoxicity (± S9) 


Dominant Lethal 
Assay  
 
CD-1 ♂ Mouse  
 
PMRA#: 1184728 


Negative  


In vitro Gene 
Mutation Assay,  
 
CHO cells  
 
PMRA#: 2391580 


Negative 
 
@ 22.5 mg/ml: Cytotoxicity (± S9) 


In Vitro Gene 
mutation / 
cytogenetics 
Assay  
 
Mouse 
Lymphoma Cells 
 
PMRA#: 1161781  


Negative 
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In vitro Gene 
mutation / 
cytogenetics 
Assay  
 
Mouse 
Lymphoma Cells 
 
PMRA#: 1212020  


Positive (@ cytotoxic doses) 
 
≥ 1900 μg/ml (in the presence of metabolic activation): ↑ mutant frequency, total relative 
survival range 3-56% (cytotoxicity)  
 
≥ 2400 μg/ml (in the absence of metabolic activation): ↑ mutant frequency, total relative 
survival under 10% (cytotoxicity)  


In vitro Gene 
mutation / 
Cytogenetics 
Assay  
 
Mouse 
Lymphoma Cells 
 
PMRA#: 1212023  


Negative  
 
≥ 500 μg/ml (in the presence of metabolic activation): ↓ pH (range of 7.07 to 6.32 @ the top 
dose of 2000 μg/ml compared to 7.34 in the control group)  
 
≥ 1000 μg/ml (in the presence of metabolic activation): ↑ cytotoxicity (% relative growth = 56-
90%)  
 


In vivo Bone 
Marrow 
Cytogenetics 
Study  
 
Sprague-Dawley 
Rats 
 
PMRA#: 2391580 


Negative 


In vivo Bone 
Marrow 
Cytogenetics 
Study  
 
Sprague-Dawley 
Rats 
 
PMRA#: 2391580 


Negative 


In vitro 
mammalian cell 
cytogenetics / 
clastogenicity 
assay  
 
Human 
lymphocytes  
 
PMRA#: 1212021 


Negative  
 
≥ 0.75 mg/plate: ↓ mitotic index (-S9) 


In vitro 
mammalian cell 
cytogenetics / 
clastogenicity 
assay  
 
CHO Cells  
 
PMRA#: 1212025 


Negative  
 
≥ 500 μg/ml: ↑ cytotoxicity (30-47%) – S9 
 
≥ 1500 μg/ml: ↑ cytotoxicity (30-47%) + S9 
 


  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 85 


2233Appeal Book, Tab 29







Appendix III 


Study Type/ 
Animal/ PMRA # 


 


Study Results 


In vivo 
micronucleus 
assay  
 
SPF mice bone 
marrow cells  
 
PMRA#: 1161784 


Negative  
 


In vivo 
micronucleus 
assay  
 
CD-1 mouse bone 
marrow cells  
 
PMRA#: 1212024 


Negative  
 
 
 
 
 
 
 


Neurotoxicity Studies 


Acute 
Neurotoxicity 
(Gavage)  
 
Wistar Rat 
 
PMRA#: 1212034 


NOAEL = 1000 mg/kg bw/day (♂/♀) 
 
No treatment-related effect on landing foot splay, time to tail flick, grip strength data and 
motor activity habituation  
 
≥ 1000 mg/kg bw/day: ↓ motor activity  
 
@ 2000 mg/kg bw/day: ↑ incidence of clinical signs of toxicity/FOB findings (♂: ↑ reduced 
splay reflex, ♀: decreased activity, subdued behaviour, hunched posture, sides pinched in, tip-
toe gait, reduced splay reflex and/or hypothermia for three females including the one died on 
day 2 and diarrhea for one further female 6hrs after dosing and full recovery by day 2, 
abnormal respiratory noise in another female on day 2), ↓ FC, ↓ motor activity; one death (♀)  
 
No evidence of neurotoxicity  


90-Day 
Neurotoxicity 
(Diet)  
 
Wistar Rats 
 
PMRA#: 1212037 


NOAEL = 617 mg/kg bw/day (♂) 
NOAEL = 672 mg/kg bw/day (♀) 
 
≥ 617/672 mg/kg bw/day: ↓ BWG, ↓ FE 
 
@ 1546/1631 mg/kg bw/day: ↑ decreased pupillary response to light, ↓ BW (♂); ↓ BWG, ↓ 
motor activity (♀) 
 
No evidence of neurotoxicity 


Immunotoxicity Studies 


28-Day 
Immunotoxicity 
(Diet)  
 
B6C3F1 Mouse 
 
PMRA#: 2223081 


LOAEL = 150 mg/kg bw/day  
 
No treatment-related effects on spleen or thymus weights (absolute or relative) 
 
≥ 150 mg/kg bw/day: ↑ T-cell dependent antibody response as measured by IgM AFC/106 
spleen cells, ↑ total spleen activity as measured by IgM AFC/spleen × 103  
 
Evidence of immunotoxicity  
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Special Studies (non-guideline) 


14-Day Feeding 
Mechanistic 
Study (Induction 
of salivary gland 
lesions) 
 
 
F334 ♂ Rats  
 
PMRA#: 2391579 


Softer and wetter feces were noted in glyphosate fed groups.  
Decrease in body-weight gains in the glyphosate-fed groups was noted compared to the other 
groups. 
 
Absolute parotid weight was increased in the group 2 (glyphosate-fed), group 3 (glyphosate-
fed + propranolol), and group 4 (isoproterenol) compared to group 1 (control). Absolute 
submandibular/sublingual was increased in group 2, group 3, and group 4. 
 
Increased incidence of lesions in the parotid gland was observed in the in all groups compared 
to group 1 (control). Increased incidence of lesions was also observed in the submandibular 
gland of the groups 2 (glyphosate + vehicle) and 3 (glyphosate + propranolol) animals. Parotid 
lesions consisted of cytoplasmic basophilic change, fine vacuolation, and swelling of acinar 
cells, diagnosed collectively as cytoplasmic alterations. A distinct gradation in the severity of 
these lesions was reported which was based on the extent of involvement and degree of 
tinctorial alteration and cell enlargement present.  


28-Day Oral 
Toxicity Study 
(Diet): 
Glyphosate Acid: 
Comparison of 
salivary gland 
effects in three 
strains of rat 
 
Wistar Rat  
 
Sprague-Dawley 
Rat 
 
Fischer 344  
Rat 
 
 
PMRA #: 
1212038  


Wistar Rats 
  
@ 1000 mg/kg bw/day: ↓ BW (complete recovery after the 13th week recovery period), ↓ FC, 
↑ salivary gland wt, ↑ salivary gland effect (small foci of cells). ↑ mucous metaplasia of parotid 
 
Sprague-Dawley Rats  
 
@ 1000 mg/kg bw/day: ↓ BW (complete recovery after the 13th week recovery period), ↓ FC, 
↑ salivary gland effect (small foci of cells).  
 
Fischer Rats: 
 
@ 1000 mg/kg bw/day: ↑ salivary gland wt, ↑ pronounced salivary gland effect (diffuse 
cytoplasmic basophilia and enlargement of the parotid acinar cells).  
 
Recovery Periods  
Complete recovery in Wistar and SD rats starting after 4 weeks of recovery period from 
treatment-related effects. 
 
Starting after 4 weeks of recovery period, all treatment-related effects improved, but did not 
disappear in F344 rats, (focal changes in the salivary glands and increased salivary gland 
weight was evident). 
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Table III.1B Summary of Toxicology Studies for AMPA  


 NOTE: Effects noted below are known or assumed to occur in both sexes unless otherwise noted; in such cases, 
sex-specific effects are separated by semi-colons. Effects on organ weights are known or assumed to reflect changes 
in absolute weight and relative (to bodyweight) weight unless otherwise noted.  
 


Study Type/ 
Animal/  
PMRA # 


 
Study Results 


Toxicokinetic Studies 
Toxicokinetic 
Single dose 
(Gavage) 
 
 
♂ Wister Rats 
 
PMRA# 1184960 


Absorption: Rapid (20%) 
 
Distribution: ≤ 0.01% of dose in most tissue, 0.02% in muscle and gut after 120 hrs (single dose) 
 
Metabolism: None since the compound was excreted in the unchanged form 
 
Excretion: Within 120 hr, 94% of administered dose (AD) was excreted as unchanged 
compound. 74% via the feces, 20% via the urine. < 0.1% excreted in the exhaled air, and < 0.06% 
was identified in the carcass.  


Acute Toxicity Studies 
Acute Oral 
Toxicity 
 
Sprague-Dawley 
Rats  
 
PMRA#: 2391580 


LD50 = 8300 mg/kg bw 
 
Low acute toxicity  


Acute Oral 
Toxicity 
 
Wistar rats 
 
PMRA# 1212035 


LD50 ≥ 5000 mg/kg bw 
 
Clinical signs included diarrhea, stains around the nose, lack of grooming, piloerection, and 
urinary incontinence (recover by 3-4 days post dosing). 
 
 
Low acute toxicity 


Acute Oral 
Toxicity (Limit 
Dose) 
 
Sprague-Dawley 
Rats 
 
PMRA#: 1161753 


LD50 > 5000 mg/kg bw  
 
Clinical signs 4h-3days post-dosing included piloerection, diarrhea, subdued behaviour, hunched 
appearance, and soiled anal and peri-genital areas. 
 
Low oral toxicity  
 


Primary Eye 
Irritation  
 
Rabbits (Albino) 
 
PMRA#: 2391580 


Minimally Irritating  
 


Primary Dermal 
Irritation  
 
Rabbits (Albino) 
 
PMRA#: 2391580 


Non irritating  
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Study Type/ 
Animal/  
PMRA # 


 
Study Results 


Acute Dermal 
Toxicity 
 
Sprague-Dawley 
Rats 
 
PMRA#: 1161755 


LD50 > 2000 mg/kg bw  
 
 
Low dermal toxicity 
 


Skin Sensitization  
 
Hartley Guinea 
Pig ♀ 
 
PMRA#: 1161766 


Negative skin sensitizer  


Short-Term Toxicity Studies 
28-Day Oral 
Toxicity (Gavage) 
 
Range-finding  
 
Sprague-Dawley 
Rats 
 
PMRA# 1161791 


≥ 350 mg/kg bw/day: ↑ kidney wt (♂) 


90-Day Oral 
Toxicity (Diet) 
 
Sprague-Dawley 
Rats 
 
PMRA:# 1161769 


NOAEL = 1000 mg/kg bw/day 
 
@ 1000 mg/kg bw/day: ↑ kidney wt (♂); ↓ BWG (♀)  
 


90-Day Oral 
Toxicity (Diet) 
 
Sprague-Dawley 
Rats  
 
PMRA#: 1184722 
 
Histopathology 
data was available 
only for high dose 
and concurrent 
control 


NOAEL = 400 mg/kg bw/day  
 
≥ 400 mg/kg bw/day: ↓ liver wt (♂)  
 
≥ 1200 mg/kg bw/day:↑ mucosal hyperplasia of the bladder; ↓ BWG, ↓BW (♂)  
 
@ 4800 mg/kg bw/day: ↑ renal pelvic epithelial hyperplasia, ↑ lactate dehydrogenase, ↓ urinary 
pH, ↑ urinary calcium oxalate crystals; ↑ cholesterol (♂); ↓ BWG, ↓ BW, ↓ liver wt (♀) 


30-Day Oral 
Toxicity  
(Capsules) 
 
Beagle Dogs  
 
PMRA# 1126881 


NOAEL = 100 mg/kg bw/day  
 
≥ 300 mg/kg bw/day: ↓ RBC, ↓ HGB, ↓ HCT, ↑ reticulocyte count (♀) 
 
@ 1000 mg/kg bw/day: ↓ RBC, ↓ HGB, ↓ HCT, ↑ reticulocyte count (♂) 
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Study Type/ 
Animal/  
PMRA # 


 
Study Results 


92-Day Oral 
Toxicity  
(Capsules) 
 
Beagle Dogs 
 
PMRA# 1126892 
1149397 


NOAEL = 300 mg/kg bw/day  
 
No treatment-related effects. No evidence of anemia.  
 


Developmental/Reproductive Toxicity Studies 
Prenatal 
Developmental 
Toxicity Study 
(Gavage) 
 
♀ Rats 
Range-Finding 
 
PMRA#: 2391580 


No treatment-related effects.  
 
Supplemental 


Prenatal 
Developmental 
Toxicity Study 
(Gavage) 
 
♀ Rats 
 
PMRA#: 1126903 
 


Parental Toxicity:  
NOAEL = 150 mg/kg bw/day  
 
≥ 400 mg/kg bw/day: ↑ hair loss, ↑ soft and mucoid feces  
 
@ 1000 mg/kg bw/day: ↓ BW, ↓ BWG, ↓ FC 
 
Developmental Toxicity:  
NOAEL = 400 mg/kg bw/day  
 
@ 1000 mg/kg bw/day: ↓ BW  
 


Prenatal 
Developmental 
Toxicity  
 
♀ Sprague-
Dawley Rats 
 
PMRA#: 1161794 


Supplemental 
 
Parental Toxicity:  
 
No treatment-related effects  
 
Developmental Toxicity: 
NOAEL= 350 mg/kg bw/day 
 
@ 1000 mg/kg bw/day: ↑ incidence of ↓ ossification (hyoid bone, skull bones and 2nd 
metacarpal) and ↑ skeletal variations (bipartite sternebrae hemicentres and caudal pelvic 
shift/asymmetric alignment of pelvic bones) 


Genotoxicity Studies 
In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium and 
Escherichia Coli)  
 
PMRA# 1212018 


Negative  
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Study Type/ 
Animal/  
PMRA # 


 
Study Results 


In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium and 
Escherichia Coli)  
 
PMRA# 1161782 


Negative 


Unscheduled 
DNA synthesis 
Assay  
 
Rat hepatocytes 
 
PMRA# 1126905 


Negative 


Micronucleus 
Assay  
 
Mouse 
 
PMRA# 1156204 


Negative 


In vitro Gene 
mutation / 
cytogenetics 
Assay  
 
Mouse 
Lymphoma Cells 
 
PMRA# 1161780 


Negative 


Micronucleus 
Assay 
 
Mouse 
 
PMRA# 1161783 


Negative 


 
Table III.2 Toxicological Points of Departure for Use in Human Health Risk Assessment 


for Glyphosate Acid, AMPA, N-acetyl glyphosate and N-acetyl AMPA 


 RfD Study NOAEL (or LOAEL) CAF or Target 
MOE and 
Rationale 


ARfD (General 
Population) 


1.0 
mg/kg 
bw 


NOAEL = 100 mg/kg bw/day 
Rabbit developmental toxicity study 
(Increased incidence of diarrhea: few/no feces, staining in 
genital area.) 


CAF = 100  
PCPA factor1 = 
1-fold 
 


ARfD (female 
13-49 years of 
age) 


0.5 
mg/kg 
bw  


NOAEL = 150 mg/kg bw/day (for fetal cardiovascular 
malformations)  
Rabbit developmental toxicity study  
(Increased incidence of fetal cardiovascular malformations.) 


CAF = 300  
PCPA factor = 
3-fold 
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 RfD Study NOAEL (or LOAEL) CAF or Target 
MOE and 
Rationale 


ADI (All 
Populations) 
 
 


0.3 
mg/kg 
bw/day  


NOAEL = 32/34 mg/kg bw/day (♂/♀) 
26-month Chronic/Carcinogenicity Study in Rats  
(No treatment-related effects were noted in this study. This was 
the highest (combined) NOAEL for the long-term toxicity 
studies in rats. The lowest (conbined) LOAEL was 100 mg/kg 
bw/day based on reduction in body weight in male rats in the 
interim sacrifice and increased incidences and severity of 
cellular alterations in the parotid and submandibular glands in a 
24-month chronic toxicity and carcinogenicity study in rats. 
NOAELS/LOAELs are further supported by the NOAEL of 30 
and LOAEL of 100 mg/kg bw/day in one-year studies in dogs.)  


CAF/MOE = 
100  
PCPA factor = 
1-fold 
 


Aggregate (All 
Durations and 
Populations)  


Target MOE = 
100 
 


Incidental Oral, 
Short-term 
Dermal and 
Inhalation (All 
Populations) 


0.3 
mg/kg 
bw/day 


LOAEL = 30 mg/kg bw/day 
90-Day Oral Study in Rats 
(Increased incidence and severity of cellular alteration in the 
parotid gland. This LOAEL was considered to be at the 
threshold of toxicological adversity due to the mild nature of the 
cellular alteration in the parotid glands at this dose level. As a 
result, an uncertainty factor (UFL) for extrapolating from a 
LOAEL to a NOAEL was not deemed necessary.) 


Target MOE = 
100 
 


Intermediate 
and Long-term 
dermal, 
Inhalation, (All 
Populations) 


0.3 
mg/kg 
bw/day  


NOAEL = 32/34 mg/kg bw/day (♂/♀) 
26-month Chronic/Carcinogenicity Study in Rats  
(No treatment-related effects were noted in this study. This was 
the highest (combined) NOAEL for the long-term toxicity 
studies in rats. The lowest (combined) LOAEL was 100 mg/kg 
bw/day based on reduction in body weight in male rats in the 
interim sacrifice and increased incidences and severity of 
cellular alterations in the parotid and submandibular glands in a 
24-month chronic toxicity and carcinogenicity study in rats. 
NOAELS/LOAELs are further supported by the NOAEL of 30 
and LOAEL of 100 mg/kg bw/day in one-year studies in dogs.)  


Target MOE = 
100 
 


Cancer 
Assessment  


 Low level of concern due to benign nature of tumours observed 
at the limit dose and lack of oncogenicity in other studies 


 
1 PCPA factor = Pest Control Products Act factor 
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Appendix IV Dietary Exposure and Risk Estimates for Glyphosate 
 
Table IV.1 Dietary Exposure and Risk Estimates for Glyphosate 


Population 
Subgroup 


 


MRL/Tolerance-Level 


Acute Dietary (95th percentile)1 Chronic Dietary2 


Food Only Food + Water Food Only Food + Water 


Exposure 
(mg/kg/day) %ARfD Exposure 


(mg/kg/day) %ARfD Exposure 
(mg/kg/day) %ADI Exposure 


(mg/kg/day) %ADI 


General 
Population  — — — — 0.090925 28 0.095078 30 


All Infants 
(< 1 year old) 0.310861 31 0.344347 34 0.125494 39 0.139108 44 


Children 
1-2 years old 0.435005 44 0.446406 45 0.218341 68 0.224507 70 


Children 
3-5 years old 0.401028 40 0.411654 41 0.213099 67 0.218872 68 


Children 
6-12 years old 0.283779 28 0.289644 29 0.147290 46 0.151272 47 


Males3 
13-19 years old 0.207897 21 0.210659 21  


Youth3 
13-19 years old  0.090032 28 0.093034 29 


Males3 
20-49 years old 0.158854 16 0.176746 18  


Adults3 
20-49 years old  0.073547 23 0.077423 24 


Adults 
50+ years old 0.116579 12 0.123514 12 0.058796 18 0.062875 20 


Females 
13-49 years old 0.146629 29 0.152714 31 0.068430 21 0.072290 23 


1Acute reference dose (ARfD) of 0.5 mg/kg bw applies to females 13-49 years old; ARfD of 1.0 mg/kg bw applies to population 
subgroups other than females 13-49 years old. 
2Acceptable daily intake (ADI) of 0.3 mg/kg bw/day applies to the general population and all population subgroups. 


3Due to a specific ARfD for females 13-49 years old, acute exposure and risk estimates for males 13-19 and 20-49 years old were 
calculated separately by using the appropriate ARfD. Acute exposure and risk estimations for youth 13-19 years old and adults 
20-49 years were not applicable. This separation was not necessary for chronic exposure and risk estimations as the same ADI 
applies to all population subgroups. 
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Appendix V   Food Residue Chemistry Summary 


V.1 Metabolism 
 
V.1.1 General Considerations 
 
Previously reviewed comparative studies have shown that there are no significant differences in 
the behaviour of aqueous solutions of glyphosate prepared from the acid form (in other words, 
technical glyphosate) and the different salts of glyphosate (for example, isopropylamine, 
ammonium or trimethylsulfonium salt). In these aqueous solutions, the glyphosate anion (in 
other words, the phosphonomethylglycine anion, denoted as PMG) and the cationic counterion 
exist as freely dissociated ions. Thus, with regard to the metabolic fate of the PMG moiety, all 
the glyphosate forms are considered to be equivalent when using 14C-PMG radiolabelled 
material. The metabolism of the counterion is studied by using 14C-counterion labelled test 
compound. 
 
V.1.2 Animal Metabolism 
 
Glyphosate 
 
Livestock (goats and hens) metabolism studies were conducted with 14C-PMG or 14C-TMS 
labelled glyphosate salts. TMS (trimethylsulfonium) is the cationic group of glyphosate-TMS, 
the trimethylsulfonium salt of glyphosate. The studies were previously reviewed and deemed 
adequate. It was concluded that the biotransformation and degradation pathways of glyphosate 
(the PMG moiety) in the goat and hen are similar, producing essentially unchanged PMG and 
aminomethylphosphonic acid (AMPA); these pathways were also found to be similar to those 
established in rat metabolism. 
 
N-acetylglyphosate 
 
The metabolism of the metabolite N-acetylglyphosate, which is formed in the glyphosate  
N-acetyltransferase (GAT) crops (in other words, crops that were genetically modified to express 
the glyphosate N-acetyltransferase gene) treated with glyphosate, was also investigated in goats 
and poultry. The studies revealed that the molecule N-acetylglyphosate either remains unchanged 
or loses its N-acetyl group, forming parent glyphosate. Parent glyphosate is further metabolized 
into AMPA. To a certain extent N-acetyl AMPA was also formed, but was not detected in any 
tissue except in fat samples at low levels (average: 0.02 ppm in goat; 0.006 ppm in hen). AMPA 
was detected at low levels in milk, liver, fat, muscle and eggs.  
 
V.1.3 Plant Metabolism 
 
Glyphosate 
 
The nature of glyphosate residues in plants has been investigated in a wide range of  
non-transgenic (conventional, glyphosate non-tolerant) crops (for example, wheat, grapes,  
corn, soybean and lemon) and in transgenic (glyphosate tolerant) crops containing the  
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) gene and/or the glyphosate 
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oxidoreductase (GOX) gene (for example, soybean). The studies indicate that the uptake of 
glyphosate from soil is limited. The material that is taken up is readily translocated. Foliar 
applied glyphosate is readily absorbed and translocated throughout the trees or vines to the  
fruits. Conventional and transgenic crops containing EPSPS and/or GOX genes show a similar 
glyphosate metabolic pattern, producing mainly the parent compound (the PMG moiety) and  
the metabolite AMPA. However, in glyphosate-tolerant EPSPS/GOX crops, glyphosate was 
metabolized more rapidly to AMPA. For the most part, the ratio of glyphosate to AMPA is 9 to 1 
but can approach 1 to 1 in a few cases (for example, soybeans and carrots).  
 
N-acetylglyphosate 
 
The metabolic fate of 14C-PMG labelled glyphosate has also been investigated in soybean, corn 
and canola plants genetically modified to express the GAT gene. The studies were previously 
reviewed and deemed adequate. These studies revealed that, whereas conventional and 
glyphosate-tolerant crops containing the EPSPS and/or the GOX genes show a similar metabolic 
pattern that consists mainly of parent compound and AMPA, in crops containing the GAT gene, 
the major metabolic pathway is different. The parent compound is extensively metabolised to  
N-acetylglyphosate; to a lower extent N-acetyl AMPA and AMPA are also formed. 
 
V.1.4 Residue Definition 
 
Based on metabolism studies summarized above, the PMRA has previously determined that the 
residue definition (RD) in all conventional crops and in transgenic crops containing the EPSPS 
and/or the GOX genes is comprised of glyphosate and the metabolite AMPA. The RD in 
genetically modified crops containing the GAT gene (in other words, soybeans, corn and canola) 
is the sum of glyphosate and the metabolites N-acetylglyphosate, AMPA and N-acetyl AMPA. 
The RD in animal commodities is the sum of glyphosate and the metabolites N-acetylglyphosate 
and AMPA. These RDs are used for both enforcement and dietary risk assessment purposes.  
No modification to the current RDs is proposed as the result of this re-evaluation, provided it is 
understood that all the metabolites included in the RDs are expressed as glyphosate (see Table 
VI.1). The residue of concern in drinking water for dietary risk assessment is defined as the sum 
of glyphosate and the metabolite AMPA. The acetylated metabolites are not included in the RD 
for drinking water because they are not formed in soil, in other words, N-acetylglyphosate is not 
applied to plants; it is a metabolite produced in GAT crops as a result of the application of 
glyphosate. 
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Table V.1 Residue Definitions 


Transgenic GAT Crops Conventional and 
Transgenic EPSPS/GOX 
Crops 


Animal Commodities Drinking Water 


Residue Definition for Enforcement of MRLs 
Sum of glyphosate,  
N-acetylglyphosate, 
AMPA and N-acetyl 
AMPA, expressed as 
glyphosate1 


Sum of glyphosate and 
AMPA, expressed as 
glyphosate1 


Sum of glyphosate, N-
acetylglyphosate and 
AMPA, expressed as 
glyphosate1 


Not applicable 


Residue Definition for Risk Assessment 
Same as RD for 
enforcement 


Same as RD for enforcement Same as RD for 
enforcement 


Sum of glyphosate and 
metabolite AMPA 


1 Molecular weight conversion factors (MWCF) for field trial residues: Glyphosate = 0.8 × N-Acetylglyphosate; 1.1 
× N-Acetyl AMPA; 1.5 × AMPA. 


V.2 Analytical Methods 


The analysis of glyphosate and its major metabolites is complicated by the polar nature of the 
residues (in other words, insoluble in most organic solvents) and their similarity in properties to 
naturally occurring compounds such as amino acids. Nonetheless, several single analyte 
analytical methods have been reported for the analysis of residues in plant materials, animal 
tissues, milk and eggs. The methods used in field trials were similar to, or the same as those 
reported as suitable for enforcement purposes. The methods generally involve aqueous extraction 
of residues, typically with dilute acid, clean-up on cation and anion exchange columns, 
separation using GC or high performance liquid chromatography (HPLC) and derivatization 
prior to detection. The derivatisation reaction varies with the chromatographic method used for 
separation (GC, HPLC) and detection system employed (FPD, fluorescence detector, UV, MS or 
MS/MS). Satisfactory recoveries at limits of quantitation (LOQs) in the range of 0.025-0.05 ppm 
for glyphosate and its major metabolites were reported for numerous commodities. Some of 
those analytical methods have been successfully validated for enforcement purposes and are 
listed in United States Environmental Protection Agency’s pesticide analytical methods  
(PAM)-Volume II or in the index of residue analytical methods (RAM) pending compilation  
in PAM-Volume II. Multiresidue methods in PAM-Volume I Appendix I were found to be 
inadequate for enforcement purposes and glyphosate is not listed in CFIA’s Volume 7: 
Multiresidue Analytical Method Manual. 
 
V.2.1 Supervised Residue Trial Analytical Methodology 
 
Several single analyte analytical methods for the determination of the residues of glyphosate and 
its metabolites AMPA and the TMS cation in various plant and animal matrices have been 
previously reviewed and deemed adequate. Successfully validated methods are also available for 
the determination of glyphosate and its metabolites N-acetylglyphosate, AMPA and N-acetyl 
AMPA in GAT-soybean, GAT-corn and GAT-canola and in animal commodities. The analyses 
were performed using reverse phase HPLC and a tandem LC-MS/MS system operating with an 
electrospray interface (ESI) in positive ion mode detection. The LOQ in each matrix examined 
was 0.05 ppm for plant commodities and in the range of 0.025-0.05 ppm for animal 
commodities. 
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V.2.2 Enforcement Analytical Methodology 
 
The inter-laboratory validated data collection methods (see Section V.2.1) were determined to be 
acceptable for the enforcement of glyphosate MRLs including all the metabolites comprised in 
the residue definitions. 


V.2.3 Independent Laboratory Validation (ILV) 


See Section V.2.1. 


V.2.4 Multi-Residue Analytical Methodology (MRM) Evaluation 


Data from the Pestrak database (1990 and 2005) indicate that recoveries are not likely for 
glyphosate under USFDA PAM I Multiresidue Methods. N-acetylglyphosate was also tested 
according to Protocols A, B and C of the PAM I multiresidue methods. The test substance was 
not naturally fluorescent according to procedures outlined in Protocol A, and lacked suitable 
chromatographic properties according to the procedures outlined in Protocols B and C. 
Therefore, the multiresidue methods described in PAM I are not suitable also for the regulatory 
analysis of N-acetylglyphosate. 


V.3 Food Residues 
 
V.3.1 Storage Stability  
 
V.3.1.1  Storage Stability of Working Solutions in Analytical Methodology 
 
The storage stability of working solutions of glyphosate and its metabolites reported as part of 
the analytical methodology studies (see Sections V.2.1, V.2.2 and V.2.3) was deemed adequate. 
 
V.3.1.2 Freezer Storage Stability 
 
Glyphosate, AMPA – Reports on freezer storage stability of glyphosate and AMPA were 
previously reviewed for a variety of crops including soybean, soybean straw, wheat grain, 
sorghum grain, citrus fruits, grapes and bananas. It was concluded that glyphosate and AMPA 
(plant incorporated) appeared to be stable in the crops for the duration of the magnitude of 
residue (MOR) studies, which generally did not exceed 48 months. However, it was noted that 
the stability of AMPA in spiked samples was more matrix dependent, in other words, the 
residues remained stable in corn grain and tomatoes for up to 31 months, in soybean forage for 
up to 24 months, in sorghum straw for up to 9 months and in clover for only 6 months. 
 
N-acetylglyphosate, N-acetyl AMPA – When stored at -20ºC, residues of N-acetylglyphosate 
were stable for up to 12 months in soybean forage, seed and hay; corn green plant, forage and 
grain; and for 23 months in corn stover. Residues of N-acetyl AMPA were stable for at least  
18 months in soybean forage, seed, and hay and for up to 23 months in corn green plant, forage, 
grain and stover. These stability periods were deemed adequate to support MOR studies. 
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V.3.2 Magnitude of Residue Studies 
 
V.3.2.1  Supervised Residue Trial Studies 
 
Conventional and transgenic EPSPS/GOX crops – All data requirements for the magnitude  
of the residue in conventional and in transgenic EPSPS/GOX plants have been evaluated in past 
petitions and deemed adequate. The submitted data originated from a number of field trials 
conducted side-by-side with different glyphosate salt formulations on numerous crops. The data 
support a maximum seasonal rate of 6.2 kg a.e./ha in pre-emergent applications and 0.9 kg 
a.e./ha in pre-harvest applications for forage crops (PHI of 3-7 days) and all other crops (PHI of 
7-14 days). It was concluded that the magnitude of the residues resulting from application of any 
of the formulations was comparable. 
 
Transgenic GAT crops – Data on residues of glyphosate, N-acetylglyphosate, AMPA and  
N-acetyl AMPA in transgenic GAT-soybean, GAT-corn and GAT-canola support a combined 
maximum pre-emergent + post-emergent seasonal application rate of 6.98 kg a.e./ha and a PHI 
of 12-17 days for soybean seeds; 7.22 kg a.e./ha and a PHI of 7 ± 1 days for corn grain; and  
2.53 kg a.e./ha and a PHI of 6-8 days for canola seeds. 
 
V.3.2.2  Residue Decline Study 
 
Residue decline studies were conducted concurrently with supervised residue trials. The studies 
were previously reviewed and deemed adequate to support the PHIs specified on the labels (see 
Section VI.3.2.1 above). 
  
V.3.2.3  Confined Crop Rotation Trial Study 
 
Confined rotational crop studies conducted with conventional, non-transgenic lettuce (leafy 
vegetable), wheat (cereal crop) and radish (root vegetable) using 14C-PMG labelled glyphosate-
trimesium were previously reviewed.These studies demonstrated similar metabolic pathways in 
all the studied secondary crops and showed that very low levels of the test compound were taken 
up by the plants. Similarly to the metabolism of glyphosate in primary crops, PMG and AMPA 
were the relevant major components of the radioactive residue found in rotational crops. The 
remaining radioactivity was largely incorporated into natural plant products. The studies were 
deemed adequate to support glyphosate label claims but no plant back intervals (PBIs) were 
specified on the labels. The PMRA concluded that, as glyphosate is registered for use as a “prior 
to planting” application on all crops (including rotated crops), no further plant back restrictions 
are required. Based on the same study, USEPA also concluded that the current language on 
glyphosate labels is sufficient with respect to plant back restrictions and that further plant back 
restrictions were not necessary. 
 
V.3.2.4  Field Crop Rotation Trial Study 
 
Conclusions from Section V.3.2.3 (above) waive the requirement for a field crop rotation trial 
study. 
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V.3.2.5  Processed Food/Feed 
 
Processing studies were reviewed with past petitions for residues of glyphosate and AMPA in 
processed fractions of conventional or transgenic EPSPS/GOX soybean (hulls, meal, crude oil, 
refined oil, soapstock and aspirated grain fractions), wheat (bran, short, middlings, flour and 
aspirated grain fractions), barley (malt and beer), and canola (cake and oil). These crops are 
representative of all pre-harvest uses of glyphosate on crops that can be processed (in other 
words, soybean, canola, flax, wheat, barley and oats). Processing studies were also previously 
reviewed for residues of glyphosate, N-acetylglyphosate, AMPA and N-acetyl AMPA in 
processed fractions of transgenic GAT-soybean, GAT-corn and GAT-canola. The use of 
experimental processing factors as a refinement was not necessary at this time; default 
processing factors were used in the exposure assessment.  
 
V.3.2.6  Residue Data for Crops Used as Livestock Feed 
 
Residue data for crops used as livestock feed have been previously reviewed. The data were used 
for the establishment of MRLs in animal commodities. 
 
V.3.2.7  Livestock, Poultry, Egg and Milk Residue Data 
 
Dairy cow, laying hen and swine feeding studies conducted with conventional and/or transgenic 
EPSPS/GOX crops have been previously reviewed and deemed adequate to support MRLs for 
residues of glyphosate, AMPA and TMS cation in livestock and dairy commodities. As MRLs 
for residues of the TMS cation are being proposed for revocation (see Section V.4), 
considerations related to this metabolite are not included in this discussion. Given that GAT 
crops (soybean, corn and canola) treated with glyphosate may be used as feed, livestock could be 
exposed not only to glyphosate and AMPA, but also to the new metabolites typical for these 
genetically modified varieties, namely N-acetylglyphosate and N-acetyl AMPA. Therefore, based 
on metabolism studies of N-acetylglyphosate in livestock, the residue definition (RD) for both 
enforcement and risk assessment of glyphosate residues in livestock has been amended in past 
petitions in order to take into account the possible presence of N-acetylglyphosate and N-acetyl 
AMPA. As N-acetyl AMPA was found to be a minor component of the residue in animal 
commodities, the RD was revised from glyphosate and AMPA, to glyphosate and the metabolites 
N-acetylglyphosate and AMPA, expressed as glyphosate. Based on results of livestock feeding 
studies conducted with GAT crops, the maximum theoretical dietary burden (MTDB) and 
consequently MRLs in livestock commodities were revised to the current status. 


V.4 Data Gaps 
 
Sufficient information was available to adequately assess the dietary exposure and risk from 
exposure to glyphosate (all registered, equivalent salt formulations). Given that all uses of 
glyphosate-TMS were voluntarily discontinued, risk assessments for glyphosate-TMS were not 
conducted. No deficiencies were identified in the residue chemistry database from previous 
PMRA reviews. No further data are required. 
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Appendix VI Supplemental Maximum Residue Limit Information, 
International Situation and Trade Implications 


 
Maximum Residue Limits (MRLs) may vary from one country to another for a number of 
reasons, including differences in pesticide use patterns and the locations of the field crop trials 
used to generate residue chemistry data. For animal commodities, differences in MRLs can be 
due to different livestock feed items and practices. 
 
VI.1 Canadian MRLs for Food Commodities 
 
MRLs have been specified for residues of glyphosate including the metabolite AMPA in/on 
registered conventional and transgenic EPSPS/GOX genes containing crops as well as for 
residues of glyphosate including the metabolites N-acetylglyphosate, AMPA and N-acetyl 
AMPA in/on transgenic GAT gene containing crops (in other words, corn, canola and soybeans). 
MRLs have also been specified for residues of glyphosate including the metabolites N-
acetylglyphosate and AMPA in animal commodities. Separate MRLs have been specified for 
residues of the TMS cation (resulting from the use of glyphosate-trimesium) in plant as well as in 
animal commodities. PMRA’s decision to regulate the TMS cation (detected as dimethyl sulfide 
and reported as TMS cation) separately was based on the fact that glyphosate-trimesium 
demonstrates a higher toxicity profile than the other glyphosate salts and, contrary to the 
counterions of the latter, the TMS cation is not a naturally occurring compound and leaves 
residues above the general regulation limit of 0.1 ppm [see Table VI.1]. Residues in/on all other 
crops appearing on the registered labels are regulated under Subsection B.15.002(1) of the Food 
and Drugs Regulations not to exceed 0.1 ppm (General MRL) for glyphosate (including 
metabolites) and 0.1 ppm for the TMS cation. Given that all glyphosate-trimesium (GPT) 
containing products have been discontinued, it is proposed that all MRLs for the TMS cation be 
revoked. 
 
Table VI.1 Canadian Maximum Residue Limits 


Commodity 
MRL (ppm) 


Glyphosate 
(Including Metabolites) TMS Cation 


Oat milling fractions (excluding flour) 35 15 
Rapeseeds (canola) 20 10 


Dry soybeans 20 13 


Oats 15 10 


Barley milling fractions (excluding flour) 15 * 


Wheat milling fractions (excluding flour) 15 * 


Barley 10 15 


Sugar beet roots 10 * 


Borage seeds 10 * 


Cuphea seeds 10 * 


Echium seeds 10 * 


Gold pleasure seeds 10 * 
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Commodity 
MRL (ppm) 


Glyphosate 
(Including Metabolites) TMS Cation 


Hare’s ear mustard seeds 10 * 


Milkweed seeds 10 * 


Mustard seeds (condiment type) 10 * 


Mustard seeds (oilseed type) 10 * 


Oil radish seeds 10 * 


Poppy seeds 10 * 


Sesame seeds 10 * 


Sweet rocket seeds 10 * 


Peas 5.0 3.0 


Wheat 5.0 3.0 


Beans 4.0 1.0 


Dry lentils 4.0 1.5 


Flax seeds 3.0 3.0 


Field corn, sweet corn kernel plus cob with husks 
   


3.0 * 


Kidney of cattle, goats, hogs, horses and sheep 2.0 1.0 


Kidney of poultry 2.0 0.1 


Asparagus 0.5 * 


Liver of cattle, goats, hogs, horses and sheep 0.2 0.5 


Liver of poultry 0.2 0.1 


Fat of cattle, goats, hogs, horses, poultry and sheep 0.15 * 


Eggs 0.08 0.02 


Meat of cattle, goats, hogs, horses and sheep 0.08 0.5 


Meat of poultry 0.08 0.05 


Milk 0.08 0.5 


Meet byproducts of cattle, goats, hogs, horses and sheep * 0.5 


All other crops appearing on the registered labels * * 
 
* Regulated under Subsection B.15.002(1) of the Food and Drugs Regulations not to exceed 0.1 ppm. 
 
VI.2 International Regulatory Status 
 
United States – In the United States, glyphosate is registered for use on a variety of fruit, 
vegetable and field crops as well as for aquatic and terrestrial non-food uses. Glyphosate is  
also registered for use on transgenic crop varieties such as canola, corn, cotton, soybeans,  
sugar beets and wheat. The registered forms of glyphosate include: glyphosate acid; glyphosate, 
isopropylamine salt; glyphosate, ethanolamine salt; glyphosate, sodium salt; glyphosate, 
potassium salt; glyphosate, ammonium salt; glyphosate, diammonium salt; and glyphosate, 
dimethylammonium salt. Glyphosate-trimesium (GPT, in other words, sulfosate or glyphosate-
TMS) is not currently included in any pesticide products actively registered in the United States, 
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and is not, therefore, included in the current USEPA registration review program for glyphosate 
active ingredient. With regard to exposure and risk assessment, the USEPA considers all these 
active compounds as being equivalent, with glyphosate acid as the common moiety. Tolerances 
[see Table VI.2] are currently established under 40 CFR §180.364 for: 
 
a) Residues of glyphosate, including its metabolites and degradates in/on registered 


conventional crops and transgenic EPSPS/GOX crops, resulting from the application of 
all registered forms of glyphosate. Compliance with those tolerance levels is to be 
determined by measuring only glyphosate (N-[phosphonomethyl] glycine). The USEPA 
determined that, based on toxicological considerations, the metabolite AMPA need not be 
regulated regardless of levels observed in food or feeds. 


 
b) Residues of glyphosate, including its metabolites and degradates in/on registered 


transgenic GAT crops and in animal commodities, resulting from the application of all 
registered forms of glyphosate. Compliance with those tolerance levels is to be 
determined by measuring only glyphosate and its metabolite N- acetylglyphosate 
calculated as the stoichiometric equivalent of glyphosate. The metabolite N-
acetylglyphosate is considered to be equally toxic as glyphosate. The metabolite N-acetyl 
AMPA, which is also formed in transgenic GAT crops, was excluded as residue of 
concern based on residue and toxicity considerations. However, the USEPA noted that 
the decision not to regulate AMPA and N-acetyl AMPA, regardless of levels observed in 
foods or feeds, may be revisited during the registration review process. 


 
JMPR/Codex – Codex MRLs have been established in/on a range of plant commodities as  
well as in commodities of animal origin (see Table VI.2). The residue definitions (RDs) for 
compliance with MRLs are the same as those used by the USEPA for both transgenic GAT  
crops (in other words, the RDs exclude the metabolites AMPA and N-acetyl AMPA) and for 
conventional and transgenic non-GAT crops (in other words, the RDs exclude the metabolite 
AMPA). However, the residue for dietary risk assessment for plant (genetically modified or not) 
and animal commodities is defined as the sum of glyphosate, N-acetylglyphosate, AMPA and  
N-acetyl AMPA, expressed as glyphosate. This RD is the same as the one used by the PMRA for 
both enforcement of MRLs and dietary risk assessment for transgenic GAT crops. Note that for 
risk assessment the PMRA excludes the acetylated metabolites from RDs in non-GAT crops 
(except corn, soybean and canola) as well as N-acetyl AMPA from RDs in animal commodities. 
There are no Codex MRLs for the TMS cation of glyphosate-trimesium. 
 
EU – Glyphosate (including glyphosate-trimesium, in other words, sulfosate or glyphosate-TMS) 
has been approved for use in EU countries (in other words, is included in Annex I to Council 
Directive 91/414/EEC) until 12/31/15. The residue definitions for enforcement and risk 
assessment have recently been amended to accommodate new varieties of genetically modified 
(in other words, GAT gene-containing) soybeans and corn imported from the United States. For 
enforcement, the RD is expressed as glyphosate per se in all crops including transgenic GAT 
crops and in animal commodities. For dietary risk assessment, the RD is expressed as the sum  
of glyphosate, N-acetylglyphosate, AMPA and N-acetyl AMPA, calculated as glyphosate for all 
plant commodities (including non-GAT crops) as well as for commodities of animal origin. No 
special consideration has been given to the TMS cation of glyphosate-trimesium with regard to 
the residue definition or MRLs, but a separate risk assessment has been conducted for 
glyphosate-TMS. Glyphosate-TMS has a lower ADI compared to the other glyphosate salts. 
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The residue definitions (see Table VI.3) and tolerance levels or MRLs (see Table VI.2) for a 
variety of commodities are not harmonized across the different regulatory jurisdictions.  
 
Table VI.2 Canadian Maximum Residue Limits and International Tolerances / 


Maximum Residue Limits for Glyphosate 


Commodity CAN MRL1 (ppm) United States 
Tolerance2 


(ppm) 


Codex MRL3 
(ppm) 


Acerola — 0.2 — 
Alfalfa fodder — 400 (Group 18) 500 
Alfalfa, seed — 0.5 — 
Almond, hulls — 25 — 
Aloe vera — 0.5 — 
Ambarella — 0.2 — 
Animal feed, nongrass, group 18 — 400 — 
Artichoke, globe — 0.2 — 
Asparagus 0.5 0.5 — 
Atemoya — 0.2 — 
Avocado — 0.2 — 
Bamboo, shoots — 0.2 — 
Banana — 0.2 0.05** 
Barley 


10 


30 (Group 15, 
except field 


corn, popcorn, 
rice, sweet corn, 
and wild rice) 


30 (Group 15) 


Barley, bran 


— 


30 (Group 15, 
except field 


corn, popcorn, 
rice, sweet corn, 
and wild rice) 


— 


Barley milling fractions, except flour 15 — — 
Barley straw and fodder, dry — — 400 
Bean fodder — — 200 
Beans 


4.0 
5.0 (Group 6, 


except soybean 
and dry pea) 


2.0 (dry) 


Beat, sugar 10 10 — 
Beet, sugar, dried pulp — 25 — 
Beet, sugar, roots — 10 — 
Beet, sugar, tops — 10 — 
Berry group 13 — 0.2 — 
Betelnut — 1.0 — 
Biriba — 0.2 — 
Blimbe — 0.2 — 
Borage, seed 10 — — 
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Commodity CAN MRL1 (ppm) United States 
Tolerance2 


(ppm) 


Codex MRL3 
(ppm) 


Breadfruit — 0.2 — 
Cacao bean, bean — 0.2 — 
Cactus, fruit — 0.5 — 
Cactus, pads — 0.5 — 
Canistel — 0.2 — 
Canola, seed 20 20 20 (Rapeseed) 
Carrot — 5.0 — 
Chaya — 1.0 — 
Cherimoya — 0.2 — 
Citrus, dried pulp — 1.5 — 
Coconut — 0.1 — 
Coffee, bean, green — 1.0 — 
Corn, field, forage — 13 — 
Corn, field, grain 3.0 5.0 5.0 
Corn, field, stover — 100 — 
Corn, fodder, dry — — 150 
Corn, pop, grain 


3.0 
0.1 5.0 


Corn, sweet, kernel plus cob with husk removed 3.5 5.0 
Cotton, gin byproducts — 210 — 
Cotton, undelinted seed — — 40 
Cuphea seeds 10 — — 
Custard apple — 0.2 — 
Date, dried fruit — 0.2 — 
Dokudami — 2.0 — 
Durian — 0.2 — 
Echium seeds 10 — — 
Epazote — 1.3 — 
Feijoa — 0.2 — 
Fig — 0.2 — 
Fish — 0.25 — 
Flax, seed 3.0 — — 
Fruit, citrus, group 10-10 — 0.5 — 
Fruit, pome, group 11-10 — 0.2 — 
Fruit, stone, group 12 — 0.2 — 
Galangal, roots — 0.2 — 
Ginger, white, flower — 0.2 — 
Gold pleasure seeds 10 — — 
Gourd, buffalo, seed — 0.1 — 
Governor’s plum — 0.2 — 
Gow kee, leaves - 0.2 — 
Grain, cereal, forage, fodder and straw, group 
16, except field corn, forage and field corn and 
stover 


— 100 — 
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Commodity CAN MRL1 (ppm) United States 
Tolerance2 


(ppm) 


Codex MRL3 
(ppm) 


Grain, cereal, group 15, except field corn, 
popcorn, rice, sweet corn and wild rice 


Barley: 10 
Corn (field and sweet): 


3 
Oat: 15 


Sorghum (grain): 30 
Wheat (grain): 5 


30 (Group 15, 
except field 


corn, popcorn, 
rice, sweet corn, 
and wild rice) 


30 (except corn 
and rice) 


Grape — 0.2 — 
Grass, forage, fodder and hay, group 17 — 300 500 
Guava — 0.2 — 
Hare’s ear mustard seeds 10 — — 
Herbs subgroup 19A — 0.2 — 
Hop, dried cones — 7.0 — 
Ilama — 0.2 — 
Imbe — 0.2 — 
Imbu — 0.2 — 
Jaboticaba — 0.2 — 
Jackfruit — 0.2 — 
Kava, roots — 0.2 — 
Kenaf, forage — 200 — 
Lentils 


4.0 
5.0 (Group 6, 


except soybean 
and dry pea) 


No Codex MRL 
(proposed EU 
MRL of 10 or 15 
ppm, based on a 
single high 
residue value of 
8.88 ppm whereas 
the rest of the 
residue trial 
values were in the 
range 0.5-4.17 
ppm) 


Leucaena, forage — 200 — 
Longan — 0.2 — 
Lychee — 0.2 — 
Mamey apple — 0.2 — 
Mango — 0.2 — 
Mangosteen — 0.2 — 
Marmaladebox — 0.2 — 
Mikweed seeds 10 — — 
Mioga, flower — 0.2 — 
Mustard, seed 10 


(both condiment and 
oilseed types) 


— 
— 


Noni — 0.20 — 
Nut, pine — 1.0 — 
Nut, tree, group 14 — 1.0 — 
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Commodity CAN MRL1 (ppm) United States 
Tolerance2 


(ppm) 


Codex MRL3 
(ppm) 


Oats 


15 


30 (Group 15, 
except field 


corn, popcorn, 
rice, sweet corn, 
and wild rice) 


30 
(group 15) 


Oats milling fractions  


35 (excluding flour) 


30 (Group 15, 
except field 


corn, popcorn, 
rice, sweet corn, 
and wild rice) 


- 


Oat straw and fodder, dry — — 100 
Oil radish seeds 10 — — 
Oilseeds, group 20, except canola — 40 — 
Okra — 0.5 — 
Olive — 0.2 — 
Oregano, Mexican, leaves — 2.0 — 
Palm heart — 0.2 — 
Palm heart, leaves — 0.2 — 
Palm, oil — 0.1 — 
Papaya — 0.2 — 
Papaya, mountain — 0.2 — 
Passionfruit — 0.2 — 
Pawpaw — 0.2 — 
Pea hay or pea fodder (dry) — — 500 
Peas 


5.0 
5.0 (Group 6, 


except soybean 
and dry pea) 


— 


Peas, dry — 8.0 5.0 
Peanut — 0.1 — 
Peanut, hay — 0.5 — 
Pepper leaf, fresh leaves — 0.2 — 
Peppermint, tops — 200 — 
Perilla, tops — 1.8 — 
Persimmon — 0.2 — 
Pineapple — 0.1 — 
Pistachio — 1.0 — 
Pomegranate — 0.2 — 
Poppy seeds 10 7.0 


(Subgroup 19B) 
— 


Pulasan — 0.2 — 
Quinoa, grain — 5.0 — 
Rambutan — 0.2 — 
Rice, grain — 0.1 — 
Rice, wild, grain — 0.1 — 
Rose apple — 0.2 — 
Sapodilla — 0.2 — 
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Commodity CAN MRL1 (ppm) United States 
Tolerance2 


(ppm) 


Codex MRL3 
(ppm) 


Sapote, black — 0.2 — 
Sapote, mamey — 0.2 — 
Sapote, white — 0.2 — 
Sesame, seed 10 — — 
Shellfish — 3.0 — 
Sorghum straw and fodder, dry — — 50 
Soursop — 0.2 — 
Soybean, dry 20 20 (seed) 20 
Soybean, forage — 100 — 
Soybean, hay — 200 — 
Soybean, hulls — 120 — 
Spanish lime — 0.2 — 
Spearmint, tops — 200 — 
Spice subgroup 19B 10 


(poppy seeds) 7.0 
— 


Star apple — 0.2 — 
Starfruit — 0.2 — 
Stevia, dried leaves — 1.0 — 
Strawberry * — — 
Sugar apple — 0.2 — 
Sugarcane, cane — 2.0 2.0 
Sugarcane, molasses — 30 10 
Sunflower, seed — — 7 
Surinam cherry — 0.2 — 
Sweet potato — 3.0 — 
Sweet rocket seeds 10 — — 
Tamarind — 0.2 — 
Tea, dried — 1.0 — 
Tea, instant — 7.0 — 
Teff, forage — 100 — 
Teff, grain — 5.0 — 
Teff, hay — 100 — 
Ti, leaves — 0.2 — 
Ti, roots — 0.2 — 
Ugli fruit — 0.5 — 
Vegetable, bulb, group 3-07 — 0.2 — 
Vegetable, cucurbit, group 9 — 0.5 — 
Vegetable, foliage of legume, subgroup 7A, 
except soybean 


— 0.2 — 


Vegetable, fruiting, group 8-10 (except okra) — 0.1 — 
Vegetable, leafy, brassica, group 5 — 0.2 — 
Vegetable, leafy, except brassica, group 4 — 0.2 — 
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Commodity CAN MRL1 (ppm) United States 
Tolerance2 


(ppm) 


Codex MRL3 
(ppm) 


Vegetable, leaves of root and tuber, group 2, 
except sugar beet tops 


— 0.2 — 


Vegetable, legume, group 6 except soybean and 
dry pea 


— 5.0 — 


Vegetable, root and tuber, group 1, except carrot, 
sweet potato and sugar beet 


— 0.2 — 


Wasabi, roots — 0.2 — 
Water spinach, tops — 0.2 — 
Watercress, upland — 0.2 — 
Wax jambu — 0.2 — 
Wheat 


5.0 


30 (Group 15, 
except field 


corn, popcorn, 
rice, sweet corn, 
and wild rice) 


30 (Group 15) 


Wheat bran 


— 


30 (Group 15, 
except field 


corn, popcorn, 
rice, sweet corn, 
and wild rice) 


20 (unprocessed) 


Wheat milling fractions  


15 (excluding flour) 


30 (Group 15, 
except field 


corn, popcorn, 
rice, sweet corn, 
and wild rice) 


— 


Wheat straw and fodder, dry — — 300 
Yacon, tuber — 0.2 — 
Edible offal of pigs — — 0.5 
Edible offal of poultry — — 0.5 
Egg 0.08 0.05 0.05** 
Fat of cattle, goats, hogs, horses, sheep and 
poultry 0.15 — — 


Kidney of cattle, goats, hogs, horses, sheep and 
poultry 2.0 


— 5.0 (mammalian 
except pigs) 


Liver of cattle, goats, hogs, horses, sheep and 
poultry 0.2 


— 5.0 (mammalian 
except pigs) 


Meat byproducts of cattle, goats, hogs, horses 
and sheep 


* 5.0 


0.05** (from 
mammals other 


than marine 
mammals) 


Meat byproducts of poultry * 1.0 — 
Meat of cattle, goats, hogs, horses and sheep 


0.08 — 


0.05** (from 
mammals other 


than marine 
mammals) 


Meat of poultry 0.08 0.10 0.05** 
Milk 0.08 — 0.05** 


*Regulated under B.15.002(1) of the Food and Drugs Regulations not to exceed 0.1 ppm.  
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**At or about the limit of determination. 
1 Maximum Residue Limits for Pesticides webpage as of 12/10/13. 
2 Electronic Code of Federal Regulations. 
3 Codex Alimentarius webpage as of 12/10/13. 
 
Table VI.3 Comparison of Residue Definitions derived by Canada, United States, 


JMPR/Codex and European Union 


 
Commodity Canada United States JMPR/Codex European Union 


Residue Definition for Enforcement of MRLs/Tolerances 
Transgenic 
GAT crops 


Sum of glyphosate, 
N-acetylglyphosate, 
AMPA and N-acetyl 
AMPA, expressed as 
glyphosate1 


Sum of glyphosate 
and N-acetyl-
glyphosate, expressed 
as glyphosate1 


Same as United 
States 


Glyphosate 


Conventional 
and transgenic 
EPSPS/GOX 
crops 


Sum of glyphosate 
and AMPA, 
expressed as 
glyphosate1 


Glyphosate Same as United 
States 


Animal 
commodities 


Sum of glyphosate, 
N-acetylglyphosate 
and AMPA, 
expressed as 
glyphosate1 


Sum of glyphosate 
and N-acetyl-
glyphosate, expressed 
as glyphosate1 


Same as United 
States 


Residue Definition for Risk Assessment 
Transgenic 
GAT crops 


Sum of glyphosate, 
N-acetylglyphosate, 
AMPA and N-acetyl 
AMPA, expressed as 
glyphosate1 


Sum of glyphosate 
and N-acetyl-
glyphosate, expressed 
as glyphosate1 


Sum of glyphosate, 
N-acetylglyphosate, 
AMPA and N-acetyl 
AMPA, expressed as 
glyphosate1 


Same as 
JMPR/Codex 


Conventional 
and transgenic 
EPSPS/GOX 
crops 


Sum of glyphosate 
and AMPA, 
expressed as 
glyphosate1 


Glyphosate 


Animal 
commodities 


Sum of glyphosate, 
N-acetylglyphosate 
and AMPA, 
expressed as 
glyphosate1 


Sum of glyphosate 
and N-acetyl-
glyphosate, expressed 
as glyphosate1 


 
1  Molecular weight conversion factors (MWCF) for field trial residues: glyphosate = 0.8 × N-


Acetylglyphosate; 1.1 × N-Acetyl AMPA; 1.5 × AMPA. 
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Appendix VII Agricultural Mixer/Loader/Applicator and Postapplication 
Risk Assessment 


 
Table VII.1 Commercial Mixer/Loader/Applicator Exposure and Risk Assessment 


Application 
Equipment Scenario Max. 


Rate 


Area 
Treated 
per Day 


Dermal 
Exposure1 


(mg/kg 
bw/day) 


Inhalation 
Exposure2 


(mg/kg 
bw/day) 


Dermal 
MOE3 


Inhalation 
MOE3 


Combined 
MOE4 


Baseline PPE: Open M/L, Single Layer  
Groundboom 


(custom) MLA 4.320 
kg/ha 


360 
ha/day 0.060848 0.046294 490 650 280 


Aerial ML 4.320 
kg/ha 


536 
ha/day 


0.059208 0.046310 510 650 280 
A 0.011184 0.002026 2700 15000 2300 


Airblast MLA 4.320 
kg/ha 


20 
ha/day 0.037988 0.007992 790 3800 650 


Mechanically 
pressurized 


handgun 
MLA 0.0096 


kg/L 
3800 
L/day 0.101879 0.068856 290 440 180 


Backpack MLA 0.022 
kg/L 


150 
L/day 0.008822 0.002515 3400 12000 2600 


Cut stump 
application MLA 0.36 


kg/L 
150 


L/day 0.025471 0.030510 1200 980 540 


ROW 
Sprayer MLA 0.0096 


kg/L 
3800 
L/day 0.016848 0.003010 1781 9968 1511 


M/L = mix/load, A = apply, ATPD = area treated per day, MOE = margin of exposure, ROW = right-of-way 
1  Dermal exposure (mg/kg bw/day) = (dermal unit exposure × ATPD × maximum application rate × 4% dermal 


absorption)/80 kg body weight 
2  Inhalation exposure (mg/kg bw/day) = (inhalation unit exposure × ATPD × maximum application rate)/80 kg 


body weight 
3  Based on a NOAEL of 30 mg/kg bw/day, target = 100 
4  Combined MOE = 1/[1/dermal MOE + 1/inhalation MOE] 
 
Table VII.2 Mixer/Loader Tree Injection Exposure and Risk Assessment 


Application 
Equipment 


Max 
Rate 


(g/cm)1 


Amount 
Handled 
per Day 
(kg a.i.)2 


Dermal Dose 
(mg/kg/day)3 


Inhalation 
Dose 


(mg/kg/day)4 


Dermal 
MOE5 


Inhalation 
MOE5 


Combined 
MOE6 


Baseline PPE: Open M/L, single layer 
Injection 0.0364 0.1456 3.46 × 10-6 2.91 × 10-6 8700000 10000000 4700000 


MOE = margin of exposure 
1 Maximum application rate: 0.182 g/5 cm depth breast height (dbh) = 0.0364 g per cm depth breast height (dbh). 
2 Amount handled per day: 0.0364 g/cm × 20 cm (max dbh) × 200 (maximum number of trees treated per day) × 
0.001 (g to kg conversion). 
3 Dermal Exposure (mg/kg bw/day) = (Amount handled per day (kg) × Dermal Unit Exposure (µg/kg a.i.) × 4% 
dermal absorption)/80 kg body weight. 
4 Inhalation Exposure (mg/kg bw/day) = (Amount handled per day (kg) × Inhalation Unit Exposure (µg/kg a.i.))/80 
kg body weight. 
5 Based on a NOAEL of 30 mg/kg/day, target MOE = 100. 
6 Combined MOE = 1/[1/dermal MOE + 1/inhalation MOE. 
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Table VII.3 Commercial Postapplication Exposure and Risk Assessment 


Crop Activity TC1 
(cm2/hr) 


Rate  
(kg 


a.i./ha) 


Number of 
Applica-
tions per 


Year 


Interval 
Between 


Applications 
(Days) 


MOE2  
(Day 0) REI3 


USC 4  


Forestry 


Weeding (hand), 
grading/tagging 100 


4.320 2 7 


4700 


12 hours Transplanting 230 2000 
Scouting 580 810 


Irrigation (hand 
set) 1750 270 


USC 7  
Canola 


(Roundup 
ready) seed 
production 


Scouting 1100 0.902 2 5 1900 12 hours 


USC 13 


Pearl Millet Weeding (hand) 70 4.320 3 7 5800 12 hours Scouting 1100 370 


Forage grasses 
and legume 


Weeding (hand) 70 


4.320 4 7 


5500 


12 hours Scouting 1100 350 
Irrigation (hand 


set) 1750 220 


Pasture 
Scouting 1100 


4.320 2 7 
430 


12 hours Irrigation (hand 
set) 1750 2670 


Apple 


Weeding (hand), 
orchard 


maintenance 
100 


4.320 3 7 
4100 


12 hours 
Transplanting 230 1800 


Scouting 580 700 
USC 14  


 
 


Corn (sweet) 
 
 


Weeding (hand) 70 


4.320 4 7 


5500 


12 hours 
Scouting (full 


foliage) 1100 350 


Irrigation  
(hand set) 1750 220 


 
 


Dry Beans 
 


Scouting 1100 


4.320 6 7 


330 


12 hours Irrigation  
(hand set) 1750 210 


Lentils Weeding (hand) 70 4.320 3 7 5800 12 hours Scouting 1100 370 


Sorghum Weeding (hand) 70 4.320 3 7 5800 12 hours Scouting 210 1900 
 
 
 


Asparagus 
 
 
 
 


Weeding (hand) 70 


4.320 3 7 


5800 


12 hours 


Scouting 210 1900 
Transplanting 230 1800 


Irrigation (hand 
set) 1750 230 
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Crop Activity TC1 
(cm2/hr) 


Rate  
(kg 


a.i./ha) 


Number of 
Applica-
tions per 


Year 


Interval 
Between 


Applications 
(Days) 


MOE2  
(Day 0) REI3 


USC 14 (continued) 
 
 


Ginseng 
 
 
 


Weeding (hand) 70 


0.902 2 7 


32000 


12 hours 


Scouting 210 11000 
Transplanting 230 9800 


Irrigation (hand 
set) 1750 1300 


 
Strawberry 


 


Weeding (hand) 70 
4.320 4 7 


5500 
12 hours Scouting 210 1800 


Transplanting 230 1700 


 
Blueberry 
(highbush) 


 
 


Transplanting 230 


4.320 3 7 


1800 


12 hours 
Scouting, 


weeding (hand), 
bird/frost control 


640 640 


Irrigation (hand 
set) 1750 230 


Blueberry 
(lowbush) 


Weeding (hand) 70 


4.320 3 7 


5800 


12 hours Scouting 1100 370 
Irrigation (hand 


set) 1750 230 


Cranberry 
Weeding (hand) 70 


4.320 2 7 
6700 


12 hours Transplanting 230 2000 
Scouting 1100 430 


 
 


Grapes 
 


 


Transplanting 230 


4.320 3 7 


1800 


12 hours 


Scouting, 
Weeding (hand), 


Bird control 
640 640 


Irrigation  
(hand set) 1750 230 


Filberts or 
Hazelnuts 


Orchard 
maintenance 100 


4.320 3 7 
4100 


12 hours Transplanting 230 1800 
Scouting 580 700 


 
 


Walnut, 
Chestnut, 
Japanese 
heartnut 


 


Orchard 
maintenance, 


weeding (hand) 
100 


4.320 2 7 


4700 


12 hours Transplanting 230 2000 


Scouting 580 810 


USC 7, 13, 14 
Soybeans (and 
GPS tolerant 


soybeans 


Weeding (hand) 70 
4.320 6 7 


5200 
12 hours Scouting 1100 330 


 
Canola (and 
GPS tolerant 


canola) 
 


Scouting 1100 4.320 5 7 340 12 hours 


Flax Scouting 1100 4.320 3 7 370 12 hours 
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Crop Activity TC1 
(cm2/hr) 


Rate  
(kg 


a.i./ha) 


Number of 
Applica-
tions per 


Year 


Interval 
Between 


Applications 
(Days) 


MOE2  
(Day 0) REI3 


USC 7, 13, 14 (continued) 


Corn (and GPS 
tolerant corn) 


Weeding (hand) 70 


1.800 4 7 


13000 


12 hours Scouting 1100 830 
Irrigation (hand 


set) 1750 520 


Mustard 
(yellow/white, 


brown, oriental) 


Weeding (hand) 70 


4.320 3 7 


5800 


12 hours 
Scouting 210 1900 


Transplanting 230 1800 
Irrigation (hand 


set) 1750 230 


 
Sugar Beets 


 


Weeding (hand), 
thinning 70 4.320 3 7 5800 12 hours 
Scouting 210 1900 


Summer Fallow 
Scouting 1100 


4.320 1 n/a 
630 


12 hours Irrigation (hand 
set) 1750 400 


USC 13, 14 
 


Wheat, Barley, 
Oats 


 


Weeding (hand) 70 


4.320 4 7 


5500 


12 hours Scouting 1100 350 


 
Rye 


 


Weeding (hand) 70 0.902 1 n/a 48000 12 hours 
Scouting 1100 3000 


Peas 


Weeding (hand) 70 


4.320 3 7 


5800 


12 hours Scouting 1100 370 
Irrigation (hand 


set) 1750 230 


Sugar beets 
(Roundup 


ready) 


Weeding (hand), 
thinning 70 0.902 4 10 31000 12 hours 
Scouting 210 10000 


 
Chickpeas, 


Lupin (dried), 
Fava bean 


(dried) 


Weeding (hand) 70 


4.320 3 7 


5800 


12 hours 
Scouting 1100 370 


Irrigation (hand 
set) 1750 230 


Apricot, Cherry 
(sweet/sour), 


Peaches, 
Plums, Pears 


Orchard 
maintenance, 
propping, bird 


control, weeding 
(hand) 


100 
4.320 3 7 


4100 12 hours 


Transplanting 230 1800 12 hours 
Scouting 580 700 12 hours 


USC 16 
Non-cropland 
and industrial 


uses 


Scouting 1100 
4.320 3 7 


370 12 hours 
Irrigation (hand 


set) 1750 230 


Recreational 
and  


public areas 
See residential assessment 
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Crop Activity TC1 
(cm2/hr) 


Rate  
(kg 


a.i./ha) 


Number of 
Applica-
tions per 


Year 


Interval 
Between 


Applications 
(Days) 


MOE2  
(Day 0) REI3 


USC 4, 27 
Shelterbelts, 


Nursery stock, 
Woody 


ornamentals, 
short rotation 


intensive 
culture 


All activities 
except irrigation  230 


4.320 4 7 


1700 


12 hours 
Irrigation (hand 


set) 1750 220 


USC 30 
Turf (prior to 
establishment 
or renovation) 


Scouting 1000 4.320 2 7 18000 12 hours 


USC = use site category, REI = restricted entry interval. 
Since no DFR or TTR studies were submitted, a peak default DFR value of 25% or a peak default TTR value of 
10% of the application rate were used.  
1 TC = transfer coefficient. Values from PMRA memo (PMRA, 2012d). 
2 Based on an oral NOAEL of 30 mg/kg bw/day and a target MOE of 100. 
3 If the target MOE is met, the minimum REI for agricultural uses was set at 12 hours.  
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Appendix VIII  Non-Occupational Risk Assessment 
 
Table VIII.1 Adult Short-Term Residential Applicator Exposure 


Application 
Equipment 


Maximum 
Application 


Rate1 
ATPD2 


Unit Exposure 
(mg/kg a.i. Handled) 


Exposure3 
(mg/kg bw/day) MOE4 Combined 


MOE5 Dermal Inhalation Dermal Inhalation Dermal Inhalation 
Lawns and Turf: Liquid Product (Adult) 
Manually 


pressurized 
handwand 


28 g a.i./L 18.927 
L/day 138.89 0.04 3.68x10-


2 2.65x10-4 820 110000 820 


Backpack 28 g a.i./L 18.927 
L/day 286.60 0.31 7.59x10-


2 2.05x10-3 400 15000 400 


Sprinkler 
can 


0.700 g 
a.i./m2 


93 
m2/day 29.54 0.049 9.62x10-


4 3.99x10-5 31000 750000 31000 


RTU – 
Trigger-


pump 
sprayer 


28 g a.i./L 5 
L/day 187.61 0.13 1.31x10-


2 2.28x10-4 2300 130000 2300 


Gardens and Trees: Liquid Product (Adult) 
Manually-
pressurized 
handwand 


28 g a.i./L 18.93 
L/day 138.89 0.04 3.68x10-


2 2.65x10-4 820 110000 820 


Backpack 28 g a.i./L 18.93 
L/day 286.60 0.31 7.60x10-


2 2.05x10-3 400 15000 400 


Sprinkler 
can 28 g a.i./L 18.93 


L/day 127.87 0.0031 3.39x10-


2 2.05x10-5 890 1500000 890 


RTU – 
Trigger-


pump 
sprayer 


28 g a.i./L 10 
L/day 187.61 0.13 2.63x10-


2 4.55x10-4 1100 66000 1100 


 
ATPD = area treated per day; MOE = margin of exposure. 
Homeowner PPE consists of: short-sleeved shirt, shorts, and no gloves. 
1 Application rate was provided as 0.7 g a.i./m2. This value was converted to g ai/L using a spray volume of 0.025 


L/m2 (PMRA, 2012). 
2 Default values from USEPA Residential SOP (USEPA, 2012). For lawns and turf RTU-trigger-pump sprayer the 


default value is 1 container/day and for gardens and trees RTU-trigger-pump sprayer the default value is 2 
containers/day. The largest container size of 5 L was used in the risk assessment.  


3 Exposure (mg/kg bw/day) = (Unit exposure (mg/kg a.i.) × ATPD × maximum application rate × 4% dermal 
absorption factor)/BW (80kg for adults). 


4 Based on a dermal NOAEL of 30 mg/kg bw/day , target MOE is 100. 
5 Calculated using the following equation: Combined MOE = 1/(1/dermal MOE + 1/inhalation MOE). 
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Table VIII.2 Adult, Youth and Children Short-term Postapplication Exposure and Risk 
Assessments on Lawns and Turf 


 


Scenario TC1 
(cm2/hr) 


Duration 
(Hours) 


Dermal Exposure2 
(mg/kg bw /day) Dermal MOE3 


1 Application of Glyphosate 
High-Contact Lawn Activities 


Adult 180000 1.5 0.0945 320 
Youth 148000 1.3 0.0945 320 


Children (1 to < 2) 49000 1.5 0.1871 160 
Mowing Turf 


Adult 5500 1.0 0.0019 16000 
Youth 4500 1.0 0.0022 14000 


2 Applications of Glyphosate (7-day interval) 
High-Contact Lawn Activities 


Adult 180000 1.5 0.1397 220 
Youth 148000 1.3 0.1397 220 


Children (1 to < 2) 49000 1.5 0.2766 110 
Mowing Turf 


Adult 5500 1.0 0.0028 11000 
Youth 4500 1.0 0.0033 9200 


TC = transfer co-efficient; BW = Body Weight (80 kg for adults, 57 kg for youth, and 11 kg for children [1 to < 2 
years old]). 
1 Transfer coefficient are based on the USEPA Residential SOPs (USEPA, 2012). Transfer coefficients based on a 
body weight of 80 kg were scaled for the surface area of youth and children (1 to < 2 years old) using the correction 
factors of 0.82 and 0.27 respectively. 
2 Dermal Exposure (mg/kg bw/day) = (TTR (µg/cm2) × TC (cm2/hr) × Duration × DA (4%))/BW (kg). 
3 Adult, youth and children short-term MOEs are based on a NOAEL of 30 mg/kg bw/day with a target of 100.  
 
Table VIII.3 Adult, Youth and Children Short-term Postapplication Exposure and Risk 


Assessments on Golf Course Turf 


Scenario TC1 
(cm2/hr) 


Duration 
(Hours) 


Dermal Exposure2 
(mg/kg bw /day) Dermal MOE3 


1 Application of Glyphosate 
Postapplication Exposure to Golf Course Turf 


Adult 5300 4 0.0074 4000 
Youth 4400 4 0.0086 3500 


Children (6 to < 11) 2900 4 0.0102 3000 
2 Applications of Glyphosate (7-day interval) 
Postapplication Exposure to Golf Course Turf 


Adult 5300 4 0.0110 2700 
Youth 4400 4 0.0128 2300 


Children (6 to < 11) 2900 4 0.0150 2000 
TC = transfer co-efficient; BW = Body Weight (80 kg for adults, 57 kg for youth, and 32 kg for children [6 to < 11 
years old]). 
1Transfer coefficient are based on the USEPA Residential SOPs (USEPA, 2012). Transfer coefficients based on a 
body weight of 80 kg were scaled for the surface area of youth and child (6 to < 11 years old) using the correction 
factors of 0.82 and 0.55 respectively.  
2 Dermal Exposure (mg/kg bw/day) = (TTR (µg/cm2) × TC (cm2/hr) × Duration × DA (4%))/BW (kg). 
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3 Adult, youth and children short-term MOEs are based on a NOAEL of 30 mg/kg bw/day with a target of 100.  
 
Table VIII.4 Incidental Oral Exposure Estimates and MOEs for Hand-to-Mouth Transfer 


to Children 


Formulation Surface Hand Residue 
(mg/cm2)1 


Oral Dose  
(mg/kg bw/day)2 MOE3 


1 Application of Glyphosate (7-day TWA) 
Liquid Lawns/Turf 0.0077 0.0732 410 


2 Applications of Glyphosate (7-day interval) 
Liquid Lawns/Turf 0.0152 0.1451 210 


TWA = time weighted average. 
1 Fraction of residue on the hands (mg/cm2) is the residue available for transfer. 
2 Where Oral Dose (mg/kg bw/day) = [Hand Residue (mg/cm2) × (Fraction of hand mouthed/event (0.06) × Surface 
Area of one hand (150 cm2)) × (Exposure Time (hr) × Replenishment Intervals (4/hr)) × (1 – (1 – Saliva Extraction 
Factor (0.48)) Number events per hour (13.9)/Replenishment Intervals (4/hr))]/ Body Weight (11 kg).    
3 MOE = margin of exposure; For children (1 to <  2 years old), the short-term MOE was based on a NOAEL of  
30 mg/kg bw/day with a target of 100. 
 
Table VIII.5 Incidental Oral Exposure Estimate and MOE for Object-to-Mouth Transfer 


to Children 


Formulation Surface Object Residue 
(mg/cm2)1 


Oral Dose  
(mg/kg bw/day)2 MOE3 


2 Applications of Glyphosate (7-day Interval) 
Liquid Lawns/Turf 1.034 0.0043 7000 


1 Where Object Residue (µg/cm2) was calculated using the TTR equation. 2 applications of glyphosate with a 7 day 
interval were assumed.  
2 Where Oral Dose (mg/kg bw/day) = [Object Residue (µg/cm2) × 0.001 mg/µg × Surface Area Object Mouthed (10 
cm2/event) × (Exposure Time (hr/day) × Replenishment Intervals (4/hr)) × (1 – (1 – Saliva Extraction (0.48)) 
Number of object-to-mouth events (8.8/hr)/Replenishment Intervals (4/hr))]/ Body weight (11 kg).  
3 MOE = margin of exposure; for children (1 to < 2 years old), short-term MOE was based on a NOAEL of 30 
mg/kg bw/day with a target of 100. 
 
Table VIII.6 Bystander Exposure and Risk Assessment 


Crop Activity TC1 
(cm2/hr) 


Rate  
(kg a.i./ha) 


Dermal Exposure2 
(mg/kg bw/day) 


MOE3  
(Day 0) 


Forestry4 


Hiker – Adult 580 


4.320 


0.0093 3200 
Hiker – Youth 476 0.0107 2800 
Hiker – Child  


(6 to < 11 years old) 319 0.0127 2400 


Non-cropland 
and Industrial 


Uses5 


Hiker – Adult 580 


4.320 


0.0107 2800 
Hiker – Youth 476 0.0123 2400 
Hiker – Child  


(6 to < 11 years old) 319 0.0147 2000 
1TC = transfer coefficient. Value is based on scouting in an orchard. Values from PMRA memo (PMRA, 2012d). 
2 Since no DFR or TTR studies were submitted, a peak default DFR value of 25% of the application rate was used.  
3 Based on an oral NOAEL of 30 mg/kg bw/day and a target MOE of 100. 
4 Based on 2 applications per year with a 7 day interval. 
5 Based on 3 applications per year with a 7 day interval.  
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Appendix IX Aggregate Risk Assessment 
 
Table IX.1 Aggregate Risk Assessment 


Population M/L/A Scenario PA 
Scenario1 


Total Dermal + 
Inhalation 
Exposure  


(mg/kg 
bw/day)2 


Incidental Oral 
Exposure  


(mg/kg bw/day) 


Chronic Dietary 
Exposure  


(mg/kg bw/day)3 


Total Exposure 
(mg/kg 


bw/day)4 


Aggregate 
MOE5 


Lawns and Turf Scenario 


 
 
 


Adult 
 
 


Manually 
pressurized 
handwand High 


Contact 
Lawn 


Activities 


0.1316 — 


0.0377 


0.1692 190 


Backpack 0.1725 — 0.2102 150 
Sprinkler can 0.0955 — 0.1332 240 
Trigger pump 


sprayer 0.1079 — 0.1455 220 


Manually 
pressurized 
handwand 


Mowing 


0.0390 
— 


0.0767 420 


Backpack 0.0799 — 0.1176 270 
Sprinkler can 0.0029 — 0.0406 790 
Trigger pump 


sprayer 0.0153 — 0.0530 600 


— Golfing 0.0074 — 0.0451 710 


 
Youth  


 


— 


High 
Contact 
Lawn 


Activities 


0.0945 


— 


0.0548 
0.1493 210 


— Mowing 0.0022 — 0.0570 560 
— Golfing 0.0086 — 0.0634 500 


Children  
(6 to < 11) — Golfing 0.0102 — 0.0815 0.0917 350 
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Population M/L/A Scenario PA 
Scenario1 


Total Dermal + 
Inhalation 
Exposure  


(mg/kg 
bw/day)2 


Incidental Oral 
Exposure  


(mg/kg bw/day) 


Chronic Dietary 
Exposure  


(mg/kg bw/day)3 


Total Exposure 
(mg/kg 


bw/day)4 


Aggregate 
MOE5 


Children  
(1 to < 2) — 


High 
Contact 
Lawn 


Activities 


0.13946 0.07326 0.1125 0.3251 98 


M/L/A = Mixer, Loader, Applicator; PA = postapplication. 
1 Based on 1 application of glyphosate. 
2 Total Dermal + Inhalation Exposure (mg/kg bw/day) = Sum of Dermal and Inhalation Exposures from Handler and Postapplication Scenarios (See 
Tables III.1 to III.4).  
3 See Section 3.5.2. 
4 Total Exposure (mg/kg bw/day) = (Total Dermal + Inhalation Exposure) + Incidental Oral Exposure + Chronic Dietary Exposure. 
5 Based on an oral NOAEL of 32 mg/kg bw/day and a target MOE of 100. 
6 1 application of glyphosate along with a 7-day time-weighted DFR average was used (the average residues of glyphosate were calculated over a 7-day 
span) for this lifestage (see Table III.5). 
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Appendix X Environmental Fate, Toxicity and Risk Assessment of Glyphosate 
 
Table X.1 Fate and Behaviour of Glyphosate, Its Transformation Product AMPA and the Formulant POEA in the 


Terrestrial Environment  


Property Test 
Substance Material DT50 (Days) DT90 


(Days) 


Rep 
t1/2 


(days) 


Kinetic 
Models 


Major 
Transf. 
Prod.  


Comments 1 


Phototransfor
mation in soil 


Glyphosate 


Sandy loam, pH7.6, O.M. 1.6%. 22.2ºC 
Ray siltt loam, pH 8.2, O.M. 1.2% 
Les Evouettes silt loam, pH 6.1, O.M. 2.4% 
Visalia sandy loam, pH 8.3, O.M. 0.6% 


90.2 (96.3 dark) 
45.0 


402.0 
6.5 (6.6 dark) 


NR 
NR 
NR 
NR 


NR 
NR 
NR 
NR 


SFO 
SFO 
SFO? 
SFO 


None 
None 
None 


AMPA 


Not a major route 
of transformation 


in the 
environment 


AMPA California sandy loam 


AMPA was detected at 19.9% AR and 24% AR in irradiated and dark samples at study 
termination from exposition of glyphosate to sunlight. The presence of AMPA was linked 
to microbial activity rather than photolytic process. Phototransformation is unlikely to be 


major route of dissipation 


Phtotransform
ation in air 


Glyphosate NR 
Glyphosate is considered to be non-volatile, having a very low vapour pressure and low 


Henry’s law constant. Photransformation is not expected to be a major route of 
transformation 


AMPA NR Glyphosate is unlikely to be volatile since it is formed in soil and bind strongly to soil 
particles. Photransformation is not expected to be a major route of transformation 


Aerobic soil 
biotransformat


ion (non-
sterile soils) 


Glyphosate 


Lab dissipation 
Drummer silty clay loam, pH 6.2, O.M. 5.6% 
Spinks sandy loam, pH 4.7, O.M. 2.3% 
 
Aerobic biotransformation 
Drummer silty clay loam, pH 7.0, O.M. 6.0% 
Ray silt loam, pH 6.5, O.M. 1.0% 
Norfolk sandy loam, pH 5.7, O.M. 1.0% 
Kickapoo sandy loam, pH 7.3, O.M. 2.8% 
Dupo silt loam, pH 7.5, O.M.1.0% 
Les Evouettes II silt loam, pH 6.1, O.M. 2.4% 
Visalia sandy loam, pH 8.3, O.M. 0.6% 
Washington sandy loam, pH 8.2, O.M. 1.2% 
Sandved, Denmark, pH 6.5, O.M.2.7% 
Lorraine sandy loam, pH 5.1, O.M. 1.4% 
Lorraine silty clay loam, pH 6.3, O.M. 2.5% 
Lorraine clay loam, pH 7.9, O.M. 3.3% 
Nantuna sand top soil, pH 7.4, O.M. 2.0% 
Nantuna sand sub soil, pH 6.4, O.M. 1.0% 


 
15.4-16.8 
11.2-14.7 


 
 


25-27.0 
3.0 


130.0 
1.9 
2.1 


18.8 
1.0 
7.5 
9.0 


19.3 
12.4 


7.8 
16.9 
36.5 


 
NR 
NR 


 
 


NR 
NR 
NR 


16.8 
10.9 
243 
6.8 
NR 
101 


64.2 
91.1 
25.9 
56.2 
121 


 
NR 
NR 


 
 


NR 
NR 
NR 
5.1 
3.3 


77.1 
2.0 
NR 
NR 


13.6 
19.4 


5.5 
NR 
NR 


 
NR 
NR 


 
 


NR 
NR 
NR 


IORE 
IORE 
DFOP 
IORE 
SFO 


FOMC 
SFO 
IORE 
SFO 
SFO 
SFO 


 
AMPA 
AMPA 


 
 


AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 


Non-persistent to 
moderately 
persistent.  


 
A major route of 
transformation in 
the environment 
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Property Test 
Substance Material DT50 (Days) DT90 


(Days) 


Rep 
t1/2 


(days) 


Kinetic 
Models 


Major 
Transf. 
Prod.  


Comments 1 


Lanna clay top soil, pH 7.2, O.M. 4.4% 
Lanna clay subsoil, pH 7.4, O.M. 0% 
Châlon silty clay, pH 8.2, O.M. 3.5% 
Dijon clay soil, pH 8.2, O.M. 2.8% 
Toulouse loam, pH7.6, O.M. 1.6% 


110.0 
151.0 
< 1.0 


0.8 
3.7 


365 
501 
NR 
NR 
NR 


NR 
NR 
NR 
NR 
NR 


SFO 
SFO 
SFO 
SFO 
SFO 


AMPA 
AMPA 
AMPA 
AMPA 
AMPA 


AMPA 


Visalia sandy loam, pH 8.3, O.M. 0.6% 
Kickapoo sandy loam, pH 7.3, O.M. 2.8% 
Dupo silt loam, pH 7.5, O.M. 1.0% 
Sandved, Denmark, pH 6.5, O.M.2.6% 
Unknown 
Nantuna sand top soil, pH 7.4, O.M. 2.0% 
Nantuna sand sub soil, pH 6.4, O.M. 1.0% 
Lanna clay top soil, pH 7.2, O.M. 4.4% 
Lanna clay subsoil, pH 7.4, O.M. 0% 
Châlon silty clay, pH 8.2, O.M. 3.5% 
Dijon clay soil, pH 8.2, O.M. 2.8% 
Toulouse loam, pH7.6, O.M. 1.6% 


107.0 
48.5 


2.1 
32.0 
151 


60.4 
91.3 
34.9 
97.6 
25.0 
34.0 
75.0 


356.0 
161.0 
570.0 
106 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


107.0 
48.5 


263.0 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


SFO 
SFO 


DFOP 
FOMC 


NR 
SFO 
SFO 
SFO 
SFO 
SFO 
SFO 
SFO 


NR 


Moderately 
persistent 


Moderately 
persistent 


Non-persistent 
Slightly 


persistent 
Moderately 


persitent 


POEA 
Ray silt loam, pH 6.5, O.M. 1.0% 
Drummer silty clay, pH 7.0, O.M. 6.0% 
Norfolk sandy loam, pH 5.7, O.M. 1.0% 


1-14 
< 7-14 
< 7-14 


NR 
NR 
NR 


NR  
NR 
NR 


SFO 
SFO 
SFO 


NR Non-persistent 


Anaerobic soil 
biotransformat


ion 
Glyphosate European Water phase Soil 1 


European System Soil 2 
3 


1699 NR NR NR NR Non-persistent to 
persistent 


Foliar 
dissipation Glyphosate 15 tested foliage values 2.5-26.6 


Average = 10.7 NR 
90th 


pcentile 
14.4 


NR N/A Non persistent 
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Property Test 
Substance Material Kd (mL/g) Koc (mL/g) Comments 1 


Adsorption/ 
desorption Glyphosate 


Ray silty Loam 
Drummer silty clay loam 
Spinks sandy loam 
Lintonia sandy loam 
Cat tail swamp sediment 
Houston clay loam 
Muskinum silt loam 
Sassafras sandy loam 
Montmorilloite clay 
Illite clay 
Kaolinite clay 
Silty clay loam 
Silt loam 
Loamy sand 
Greenan sand 
Auchincruive sandy loam 
Headley sandy clay loam 
Californian loamy sand 
Les Evouettes II silt loam 
Darnconner sediment 
Unknown 
Silt loam 
Silty clay 
Unknown 
Unknown 
Lilly Field sand 
Visalia sandy loam 
18 acres sandy loam 
Wisborough Green silty clay loam 
Champaign silty clay loam 
Sandy muck soil 
Muck soil 
Sandy profile (0-1m) 
Clay rich till 
Sandy Achaia soil (Greece) 
Ap horizon 
Bs horizon 
ECNR 


73.7 
56.9 
70.4 
16.4 


164.0 
Kf = 76.0 
Kf = 56.0 
Kf = 33.0 


Kf = 138.0 
Kf = 115.0 
Kf = 8.0 


900 
34 


245 
263 
810 
50 
5.3 
47 
510 
NR 
33 


324 
NR 
NR 
70 
8.3 


559.8 
111.1 
710.3 
133 


1188 
27-385 


72-1140 
5.9 


227.8 
762 


172.9 


10592 
2886 
5059 
4041 
18852 
4872 
3415 
2661 
NR 
NR 
NR 


60 000 
3 800 
22 300 
32 830 
50 660 
3 598 
884 


3 404 
17 819 


2660-12930 
NR 
NR 
500 


2640 
23093 
1426 
24771 
6170 
33037 


NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


Low mobility 
Low mobility 
Low mobility 
Low mobility 
Low mobility 


Slight mobility 
Slight mobility 
Slight mobility 


NR 
NR 
NR 


Immobile 
Slight mobility 


Immobile 
Immobile 
Immobile 


Slight mobility 
Low mobility 


Slight mobility 
Immobile 


Slight to immobile 
NR 
NR 


Moderately mobile  
Slightly mobile 


Immobile 
Low mobility 


Immobile 
Immobile 
Immobile 
Immobile 
Immobile 


NR 
NR 
NR 
NR 
NR 
NR 
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Property Test 
Substance Material Kd (mL/g) Koc (mL/g) Comments 1 


ECR 
E4G 
E20GSP 
Nantuna sand top soil 
Nantuna sand sub soil 
Lanna clay top soil 
Lanna clay subsoil 


251.9 
152.6 
193.1 
124.9 


Kf = 40 
Kf = 28.7 
Kf = 118 
Kf = 165 


NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


AMPA 


SLI Soil # 1 clay loam 
SLI Soil # 2 sand 
SLI Soil # 4 sand 
SLI Soil # 5 clay loam 
SLI Soil # 9 loamy sand 
SLI Soil # 11 sand 
Visalia sandy loam 
18 acres sandy loam 
Lily filed sand 
Champaign silty clay loam 
Wisborough Green silty clay loam 


76.0 
1554.0 


15.0 
30.0 


111.0 
74.0 
9.5 


85.8 
172.6 
306.8 
700.9 


3640 
8310 
1160 
3330 
6920 
24800 
1645 
4764 
59510 
14272 
31014 


Slight mobilility 
Immobile 


Low mobility 
Slight mobilility 


Immobile 
Immobile 


Low mobility 
Slight mobility 


Immobile 
Immobile 
Immobile 


 POEA 


Sandy loam 
Silt loam 
Clay loam 
Unknown 


NR 
NR 
NR 
NR 


2500 
6000 
9600 
15400 


Slight mobility 
Immobile 
Immobile 
Immobile 
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Property Test 
Substance Material % recovery and detection at different depth Comments 1 


Soil column 
leaching Glyphosate 


 
Unaged soils 
Lintonia sandy loam, pH 6.5, O.M. 0.7% 
Ray silt, pH 8.1, O.M. 1.2% 
Spinks sandy loam, pH 4.7, O.M. 2.4% 
Leon sand, pH 4.8, O.M. 1.0% 
Drummer silty cl loam, pH 6.2, O.M. 3.4% 
Hilo sandy clay loam, pH 5.7, O.M. 9.5% 
Molokai clay, pH 7.0, O.M. 3.0% 
Speyer 2.1 sand, pH 6.0, O.M. 0.8% 
Speyer 2.2 loamy sand, pH 6.0, O.M. 4.4% 
Speyer 2.3 sandy loam, pH 6.6, O.M. 1.3% 
 
Aged soil 
Ray silt, pH 8.1, O.M. 1.2% 
Molokai clay, pH 7.0, O.M.3.0% 
Hilo sandy clay loam, pH 5.7, O.M.3.4% 


0-10 
cm 


 
 


58.7 
48.8 
96.7 
41.0 
94.3 
99.7 
99.5 


0 
0 
0 
 
 


31.4 
40.6 
97.6 


10-20 
cm 


 
 


27.7 
32.5 
2.2 


30.9 
16.7 
0.3 
0.4 
0 
0 
0 
 
 


0.76 
0.12 
0.04 


20-30 
cm 


 
 


7.1  
9.2 
0.2 


17.1 
0.7 
0 
0 
0 
0 
0 
 
 


0.41 
0.11 
0.02 


> 30 
cm 


 
 


1.4 
4.8 
0 


10.0 
0.6 
0 
0 


1.45 
0.12 
0.63 


 
 


0.61 
0.14 


0 


Max. depth 
detect. 


45 cm 
45 cm 
25 cm 
65 cm 
45 cm 
20 cm 
20 cm 
40 cm 
40 cm 
40 cm 


 
 


65 cm 
60 cm 
30 cm 


 


Property Test 
Substance Material Rf value Mobility Index Comments 1 


Soil TLC  
(Helling 
mobility 
index) 


Glyphosate 


Spinks sandy loam, pH 6.1, O.M. 2% 
Toledo clay loam, pH 7.4, O.M. 3.8%  
Toledo clay loam, pH 7.6, O.M. 3.8%  
Hillsdale sandy cl loam, pH 4.6, O.M. 1.5% 
Hillsdale sandy cl loam, pH 5.6, O.M.1.3%  
Hillsdale sandy cl loam, pH 6.7, O.M. 1.5%  
Sandy loam topsoil, pH 6.7, 1.3% OC 
Sandy loam subsoil, pH 6.7, 1.3% OC 
Muck top soil (0-15 cm, pH 4.7, 30.5% OC 
Muck subsoil (15-25 cm, pH 4.7, 30.5% OC 
Norfolk sandy loam, pH 5, O.M.7.1% 
Ray silt loam, pH 6.5, O.M. 1.0%  
Drummer silty cl loam, pH 7.0, O.M.6.0%,  


0.04 
0.07 
0.13 
0.04 
0.06 
0.08 
0.05 
0.03 
0.02 
0.05 


< 0.09 
< 0.09 
< 0.09 


1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


Immobile 
Immobile 


Low mobility 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
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Property Test 
Substance Criteria Value Criteria Met Comments 1 


Leaching 
potential 
(Leaching 
criteria of 


Cohen et al. 
1984) 


Glyphosate 


Solubility > 30 mg/L 
Kd < 5 and usually < 1 or 2 
Koc < 300 
Henry’s law constant < 10-2 atm m3/mol 
pKa = Negatively charged  
Hydrolysis t 1/2 > 140 d  
Soil phototransformation t 1/2 > 7 d 
Soil biotransformation t1/2 > 14 to 21 d 


12000 mg/L 
5.3-1188 mL/g 
500-58000 mL/g 
2.07 × 10-14 atm m3/mole 
0.8, 2.35, 5.84, 10.84 
t1/2 ≤ 1627 days at pH 7 
DT50: 90 d. irr. (96.3 d. dark) 
DT50 = 1-19.3 days 


Yes 
No 
No 
Yes 
No 
Yes 
Yes 
No 


Low potential for leaching. 


AMPA 


Solubility > 30 mg/L 
Kd < 5 and usually < 1 or 2 
Koc < 300 
Henry’s law constant < 10-2 atm m3/mol 
pKa = Negatively charged  
Hydrolysis t 1/2 > 140 d  
Soil phototransformation t 1/2 > 7 d 
Soil biotransformation t1/2 > 14 to 21 d 


5800 mg/L 
9.5-1554 mL/g 
1160-59510 mL/g 
1.58 × 10-6 atm m3/mole 
0.9, 5.6, 10.2 
Unknown, assumed stable 
DT50: 90 d. irr. (96.3 d. dark) 
DT50 = 2.13-151 days 


Yes 
No 
No 
Yes 
No 
Yes 
Yes 
Yes 


Some potential for leaching. 


POEA 


Solubility > 30 mg/L 
Kd < 5 and usually < 1 or 2 
Koc < 300 
Henry’s law constant < 10-2 atm m3/mol 
pKa = Negatively charged  
Hydrolysis t 1/2 > 140 d  
Soil phototransformation t 1/2 > 7 d 
Soil biotransformation t1/2 > 14 to 21 d 


0.082 mg/L 
NR 
2500-15400 mL/g 
2.5 × 10-13 atm m3/mole 
Protonated at ambient pH 
Stable at pH 7 
Unknown 
DT50 = 1-14 days 


No 
N/A 
No 
Yes 
No 
Yes 
N/A 
No 


Low potential for leaching. 


Property Test 
Substance GUS Score Range Comments 1 


GUS Score 


Glyphosate -1.46 to 2.46 Non-leacher to borderline 
leacher. 


AMPA -1.67 to 2.03 Non-leacher to boredline 
leacher. 


POEA -0.22 to 0.69 Non-leacher. 


Property Test 
Substance Criteria Interpretation Comments 1 


Volatility Glyphosate 


Vapour pressure (1.3 × 10-7 Pa at 20ºC) 
Henry’s law constant (2.0 × 10-14 atm m3/mole) 
 
Presence of volatile in gas traps of soil lab 
experiments 
Soil biodegradation  


Low 
Low 


Non-volatile in soil lab experiments 
Non-persistent to slightly persistent 


Strongly binds to soil particles 


Expected to be relatively non-
volatile under field conditions. 
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Adsorption 


AMPA 


Vapour pressure (8.35 = Pa (25º) 
Henry’s law constant (1/H :1.55 × 104) 
Microbial activity 
Adsorption 


Intermediate to highly 
Slightly volatile from a water surface water or moist 
soil 
Need microbial activity to transform glyphosate into 
AMPA 
Strongly bind to soil particles 


Unlikely to be volatile since it 
is formed in soil and bind 
strongly to soil particles. 


POEA 


Vapour pressure (6.97 × 10-12 Pa at 20ºC ) 
Henry’s law constant (1/H: 9.8 × 1010) 
Soil biodegradation 
Adsorption 


Low 
Low 
Non-persistent 
Strongly bind to soil particles 


Expected to be relatively non-
volatile under field conditions. 


Property Test 
Substance Material Max. Soil Depth 


Detection (cm) DT50 Value (days) Comments1 


Agricultural 
Canadian 


(and 
Equivalent 
Ecoregion) 


Field Studies 


Glyphosate 


Fredonia, New York, U.S.A., gravel loam 0-15 Detection after 300 days Persistent 
Casselton, North Dakota, U.S.A., clay loam 0-15 9.0 Non-persistent 
Canard, Nova Scotia, Canada 
sandy loam 0-15 16.2 (IORE) Slightly persistent 


Canadian soil NR 6-21 Non-persistent to slightly 
persistent 


Manitoba, Canada 
Ontario, Canada 
Alberta, Canada 


NR 
NR 
NR 


11 
16 
63 


Non-persistent 
Slightly persistent 


Moderately persistent 
St-Davids, Ontario, Canada, silty clay 
Carman, Manitoba, Canada, loamy sand 
Grandora, Saskatchewan, Canada, clay loam 
Speers, Saskatchewan, Canada, silty clay loam 
Brooks, Alberta, Canada, loam 


0-30 
0-15 


0-12.5 
0-12 
0-15 


NR 
60 
NR 
87 


155 


N/A 
Moderately persistent 


N/A 
Moderately persistent 
Moderately persistent 


AMPA 


Manitoba, Canada 
Ontario, Canada 


NR 
NR 


128 
185 


Moderately persistent 
Persistent 


Canard, Nova Scotia, Canada, sandy loam 0-15 55.1 (DFOP) Moderately persistent 


Forestry 
Canadian 


(and 
Equivalent 
Ecoregion) 


Field Studies 


Glyphosate 


Nanaimo sandy (gravelly) soil (mean station I, 
II and III) 7-12 < 60-80 Moderately persistent 


Carnation Creek, British Columbia, sandy clay 
loam 0-5 cm 
Carnation Creek, British Columbia, sandy clay 
loam 5-15 cm 
Carnation Creek, British Columbia, sandy clay 
loam 15-35 cm 


0-15 45-60 Slightly to moderately 
persistent 
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Carnation Creek, BC, sandy loam 0-5 cm 
Carnation Creek, BC, sandy loam 5-15 cm 
Carnation Creek, BC, sandy loam 15-35 cm 
Harker, On, sandy soil  
Lamplugh, On, clay soil 


0-15 
NR 


24 
Low recovery Slightly persistent 


AMPA Chassell, MI, USA Exposed soil (0-15) 
Under litter (15-30) 


NR 
NR N/A 


Foreign 
Agricultural 
Field studies 


(Non-
equivalent 


Ecoregions to 
Canada) 


Glyphosate 


France 
 
Sweden 


NR 
5-197.3 


 
1.2-24.3 


Non persistent to persistent 
Non-persistent to slightly 


persistent 
Holdenville, OK, USA, loam 
Shawnee, OK, USA, loam 
Tumbleton, AL, USA, sandy loam 
Mankato, MN, USA, silty clay loam 
Adel, Iowa, USA, silty clay loam 
Olathe, KS, USA, silty clay loam 


0-15 
0-15 
15-30 
15-30 
15-30 
0-15 


36.2 
27.3 
35.0 
43.5 
34.0 
55.5 


Slightly persistent 
Slightly persistent 
Slightly persistent 
Slightly persistent 
Slightly persistent 


Moderately persistent 
Clinton, IL, USA, clay loam 
Joes, CO, USA, loamy sand 
Twin Falls, ID, USA, silt loam 
Henderson, KY, USA, silty clay loam 
Perrysburg, OH, USA, clay loam 
Chickasha, OK, USA, loam 
Memphis, TN, USA, silty loam 
Mission, TX, USA, sandy loam 
Downs, CA, USA, sandy clay loam 
Mankato, MN, USA, sandy clay loam 


0-15 
0-15 
0-15 
ND 
ND 
0-15 
0-15 
0-15 
0-15 
0-15 


17.0 
4.4 


17.1 
95.6 
1.8 


15.3 
12.0 
1.6 


68.4 
174 


Slightly persistent 
Non-persistent 


Slightly persistent 
Moderately persistent 


Non-persistent 
Slightly persistent 


Non-persistent 
Non-persistent 


Moderately persistent 
Moderately persistent 


Opelika, AL, USA, sandy clay loam 
Lake Alfred, FL, USA, astatula fine sand 
Woolvine, VA, USA, clay loam 
Grand Rapid, MI, USA, silty loam 
Selah, WA, USA, sandy loam 
Wapato, WA, USA, sandy loam 
The Dalles, OR, USA, sandy loam 
Hood River, OR, USA, sandy loam 
Five points, CA, USA 
Milton, WI, USA 
Champaign , IL, USA 


15-30 
15-30 
0-15 
0-15 
0-15 
0-15 
0-15 
15-30 
0-15 
0-15 


15-30 


NR N/A 


USA, Texas, sandy loam 
USA, N. Carolina, sandy clay loam 
USA, Minnesota, loam 
USA Colorado, silt loam 


0-15 
0-15 
0-15 
0-15 


2 
16 


122-174 
NR 


Non-persistent 
Slightly persistent 


Moderately persistent 
NA 
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Texas 
Ohio 
Georgia 
California 
Arizona  
Minnesota 
New York 
Iowa 


0-15 
0-15 
0.15 
0-15 
0-15 
0-15 


15-30 
0-15 


2.6 
ND 
ND 
ND 
28.7 


127.8 
140.6 
ND 


Non-persistent 
N/A 
N/A 
N/A 


Slightly persistent 
Moderately persistent 
Moderately persistent 


N/A 
California, USA NR 43.6 Slightly persistent 
California, USA, sandy loam 
N. Carolina, USA, sandy loam 


0-15 
0-15 


2.8 
31 


Non-persistent 
Non-persistent 


Leland, Mississippi, USA, loam bareground 
Leland, Mississippi, USA, loam turf 


0-15 
0-15 


3.9 
1.4 


Non-persistent 
Non-persistent 


California, USA, sandy loam bareground 
California, USA, sandy loam turf 


0-15 
0-15 


19 
12 


Slightly persistent to Non-
persistent 


California, USA NR 44-60 Slightly to moderately 
persistent 


Ohio, USA,  
Georgia, USA, sandy loam 
California, USA 
Arizona, USA 
Minnesota, USA 
New York, USA 
Iowa, USA, silt loam 
Texas, USA 
 
Germany, 5 sites 
Switzerland, 7 sites 


0-15 
0-15 
0-15 
0-15 
0-15 
0-15 


15-30         
0-15 


   
 NR   
 NR  


7 - 7.3 
8.3 - 9 


12.6 - 13 
17.1 


24.7 - 31 
106 - 114.3 


NR 
1 – 1.7 


 
12 
21 


Non-persistent 
Non-persistent 
Non-persistent 


Slightly persistent 
Slightly persistent 


Moderately persistent 
N/A 


Non-persistent 
 


Non-persistent 
Slightly persistent 


Finland, Janakala sandy loam 
Finland, Pernio clay 


28 
8-28 


90-180 
< 210 


Moderately persistent to 
persistent 


Michigan, USA 
Georgia, USA 
Oregon, USA 


NR 
NR 
NR 


35-158 Slightly to moderately 
persistent 


AMPA 


Germany 
Switzerland 
 
Ohio, USA 
Texas, USA 
Arizona, USA 
New York, USA 
Georgia, USA 


NR 
NR 


 
0-15 
15-30 
46-61 
0-15 
0-15 


218 
135-139 


 
119 
131 
142 
240 
896 


Persistent 
Moderately persistent 


 
Moderately persistent 
Moderately persistent 
Moderately persistent 
Moderately persistent 


Persistent 
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Minnesota, USA 
California, USA 


15-30 
0-15 


302 
 958 


Persistent 
Persistent 


Foreign 
Forest Field 


Studies (Non-
equivalent 


Ecoregions to 
Canada) 


Glyphosate 


Pacific Northwest Watershed, USA 
Foliage 
Shrubs 
Herbs 
Leaf litter 


 
NR 
NR 
NR 
0-5 


 
9.5 


11.6 
14.3 
9.6 


 
Non-persistent 
Non-persistent 
Non-persistent 
Non-persistent 


Corvallis, OR, USA, sandy clay loam 
Cuthbert, GA, sandy loam 


15-30 
15-30 


< 14 
< 1 


Non-persistent 
Non-persistent 


Oregon Coast Range 
Foliage 
Litter 
Covered loam 
Exposed loam 


— 
2-0 


0-7.5 
0-7.5 


 
10.4 
26.6 
29.2 
40.2 


 
Non-persistent 


Slightly persistent 
Slightly persistent 
Slightly persistent 


AMPA 


Corvallis, OR, USA, exposed soil 
Corvallis, OR, USA, under litter 
Cuthbert, GA, USA, Exposed soil 
Cuthbert, GA, USA, under litter 


15-30 
0-15 
0-15 
0-15 


NR 
NR 
NR 
NR 


N/A 


1 =  Persistence classification of pesticides in soil according to Goring et al. (1975), Persistence classification of pesticides in water according to McEwen and 
Stephensen (1979), Adsorption/desorption mobility class according to McCall et al. (1981), TLC mobility class according to Helling and Turner (1968), 
Leaching potential based on the criteria of Cohen et al. (1984), and  Ground Ubiquity Score (GUS) based on Gustafson (1989). 
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Table X.2 Fate and Behaviour of Glyphosate, its Transformation Product AMPA and the Formulant POEA in the Aquatic 


Environment  


Property Test Substance Material DT50 
(Days) 


DT90 
(Days


) 


Rep 
t1/2 


(Days
) 


Kinetic 
Models 


Transf. 
Prod.  Comments 1 


Hydrolysis 


Glyphosate 
Sterile water, pH 5 
Sterile water, pH 7 
Sterile water, pH 9 


> 30.0  
1627.0  
3476.0 


NR 
NR 
NR 


NR 
NR 
NR 


SFO 
SFO 
SFO 


None 
None 
None 


Stable, not a 
major route of 
transformation 


AMPA NR NR Assumed to be stable based on the hydrolysis of the 
parent glyphosate. 


POEA 


Sterile Clam lake, water system, WI, USA, pH 4.6 
Sterile Balmor Farm, water system, MO, USA, pH 7.4 
Sterile Mississippi river water system, MO, USA, pH 
5.7 


< 21-
28.0 


< 21-
28.0 


< 21-
28.0 


NR 
NR 
NR 


NR 
NR 
NR 


NR 
NR 
NR 


NR 
NR 
NR 


Slightly 
persistent 


Phototransformat
ion in Water 


Glyphosate Water pH 7.5 at 22ºC 216.0 NR NR SFO AMPA 


Not a major 
route of 


transformation 
in the 


environment 


AMPA 
Water pH 7.3 NR AMPA accumulated in irradiated samples until study 


termination which would suggest that it is not subject to 
phototransformation Water pH 7.0 NR 


Aerobic Aquatic 
Biotransformation  


Glyphosate 


Silty clay loam, pH 6.6, O.M. 0.9% 7.1 90.8 27.3 IORE AMPA Non-persistent 
Sandy sediment, pH 7.8, O.M. 1.17% 
Loamy sediment, pH 7.7, O.M. 7.24% 18.7 


135.0 
533 


1339 
267 
518 


DFOP 
DFOP 


AMPA 
AMPA 


Slightly 
persistent 


Moderately 
persistent 


Water compartment 
Whole system 1-4 


27-146 
N/A 
N/A 


N/A 
N/A 


N/A 
N/A NR 


Non-persistent 
Slight to 
moder 


persistent 


AMPA 
Silty clay loam, pH 6.6, O.M. 0.9% 83.4 277.0 83.4 SFO CO2 


Moderately 
persistent 


Sandy sediment system, pH 7.8, O.M. 1.17% 
Loamy sediment II system, pH 7.7, O.M. 7.24% 


32.0 
10.0 


72.3 
33.1 


21.8 
10.0 


IORE 
SFO 


Unkno
wn 


Slightly 
persistent 
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Property Test Substance Material DT50 
(Days) 


DT90 
(Days


) 


Rep 
t1/2 


(Days
) 


Kinetic 
Models 


Transf. 
Prod.  Comments 1 


Non-persistent 


Water compartment 
Whole system 


2-5.0 
19-45.0 


NR 
NR 


NR 
NR 


NR 
NR 


NR 
NR 


Non-persistent 
Slightly 


persistent 


POEA 
Clam lake, water system, WI, USA, pH 4.6 
Balmor Farm, water system, MO, USA, pH 7.4 
Mississippi river water system, MO, USA, pH 5.7 


< 21-
28.0 


< 21-
28.0 


< 21-
28.0 


NR 
NR 
NR 


NR 
NR 
NR 


NR 
NR 
NR 


NR 
NR 
NR 


Slightly 
persistent 


Anaerobic 
Aquatic 


Biotransformation 
Glyphosate 


Missouri sandy clay loam water/sediment system, pH 
7.3, O.M. 1.4% < 28.0 NR NR NR AMPA Slightly 


persistent 
Kentucky pond, silty clay loam water/sediment 
system, pH 6.6, O.M. 0.9% 7.0 569 273 DFOP AMPA Non-persistent 


Ohio clay loam water/sediment system, pH 7.7, O.M. 
3.4% 209.0 NR NR SFO AMPA Persistent 


Ohio pond clay loam water/sediment system, pH 7.7, 
O.M. 3.4% 199.0 NR NR NR AMPA Persistent 


Agricultural 
Aquatic Field 


Dissipation 
Studies 


(Equivalent 
Canadian 


Ecoregion) 


Glyphosate Ephemeral wetland , Brandon, Canada, pH 7 
Semi permanent wetland, Brandon, Canada, pH 7.9 


1.3 
4.8 


NR 
NR 


NR 
NR 


SFO 
SFO 


AMPA 
AMPA 


Non-persistent 
in water 


Non-persistent 
in water 


AMPA Chassell, pond water and sediment, MI, USA 7-14.0 NR NR SFO NR 


Non-persistent 
in water, 


declining in 
sediment after 


30 days but 
still detected 
at 335 days 


POEA 


Mesocosm 
Shallow water, Manitoba, Canada, pH 4.7-8.1, TOC 
1.9-7.5% 
Sediment, Manitoba, Canada, pH 4.7-8.1, TOC 1.9-
7.5% 


 
0.04-


0.7 
8.5-9.6 


 
NR 
NR 


 
NR 
NR 


 
SFO 
SFO 


 
NR 
NR 


 
Non-persistent 


in water 
Non-persistent 


in sediment 
Forestal Aquatic 
Field Dissipation 


Studies 
Glyphosate 


Hike pond water, Winnipeg, Canada, pH 7.7 
Spruce pond water, Winnipeg, Canada, pH 8.1 
Birch pond water, Winnipeg, Canada, pH 7.2 


1.9 
3.5 
1.5 


NR 
NR 
NR 


NR 
NR 
NR 


SFO 
SFO 
SFO 


AMPA 
AMPA 
AMPA 


Non-persistent 
in water 
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Property Test Substance Material DT50 
(Days) 


DT90 
(Days


) 


Rep 
t1/2 


(Days
) 


Kinetic 
Models 


Transf. 
Prod.  Comments 1 


(Equivalent 
Canadian 


Ecoregion) 


Manfor pond water, Winnipeg, Canada, pH 7.0 
Microcosm tested water, Winnipeg, Canada 


2.0 
5.8 


NR 
NR 


NR 
NR 


SFO 
SFO 


AMPA 
NR 


Hike pond water, Winnipeg, Canada, pH 8.1 
Spruce pond water, Winnipeg, Canada, pH 8.2 
Tamarack pond water, Winnipeg, Canada, pH 7.9 


3.5 
10.0 
11.2 


NR 
NR 
NR 


NR 
NR 
NR 


SFO 
SFO 
SFO 


AMPA 
AMPA 
AMPA 


Non-persistent 
in water 


Flowing stream system, Chassell, MI, USA 
 
Non-flowing pond system, Chassell, MI, USA 


< 7.0 
 
 


< 7.0 


NR 
 
 


NR 


NR  
 
 


NR 


NR 
 
 


NR 


AMPA 
 
 
AMPA 


Non-persistent 
in water 


 
Non-persistent 


in water, 
present in 


sediment after  
1 yr 


Stream and pond water, Chassell, MI, USA ≤ 0.4     Non-persistent 
in water 


Foreign 
Agricultural 
Aquatic Field 


Dissipation 
Studies 


(Non-Equivalent 
Canadian 


Ecoregion) 


Glyphosate 
Clarence water, MO, USA 
 
Clarence sediment, MO, USA 


7.5 
 


120 


NR 
 


NR 


NR 
 


NR 


SFO 
 


SFO 


AMPA 
 


AMPA 


Non-persistent 
in water 


 
Moderately 
persistent in 


sediment 


AMPA 
Clarence farm pond, MO, USA 
Cuthbert pond, GA, USA 
Ephrata irrigation ditch, WA, USA 


7-14 
7-14 
7-14 


NR 
NR 
NR 


NR 
NR 
NR 


NR 
NR 
NR 


NR 
NR 
NR 


Non-persistent 
in water 


POEA 


Microcosm 
Water/sediment system A, MO, USA, pH 8.3, TOC 
1.5% 
Water/sediment system B, MO, USA, pH 8.3, TOC 
3.0% 


 
0.5 
0.8 


 
NR 
NR 


 
NR 
NR 


 
SFO 
SFO 


 
NR 
NR 


 
Non-persistent 


in water 


Foreign Forestal 
Aquatic Field 


Dissipation 
Studies 


(Non-Equivalent 
Canadian 


Ecoregion) 


Glyphosate 
Corvallis Stream and pond water, OR, USA 
 
Cuthbert Stream and pond water, GA, USA 


≤ 0.4-  
< 7.0 


 
≤ 0.4-  
< 7.0 


NR 
 


NR 


NR 
 


NR 


SFO 
 


SFO 


AMPA 
 


AMPA 


Non-persistent 
in water 


AMPA Corvallis forest pond, OR, USA 7-14 NR NR NR NR Non-persistent 
in water 


Bioaccumulation Glyphosate Log Kow -2.8 to -0.67 Not expected to bioaccumulate 
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Property Test Substance Material DT50 
(Days) 


DT90 
(Days


) 


Rep 
t1/2 


(Days
) 


Kinetic 
Models 


Transf. 
Prod.  Comments 1 


BAF:0.03-42.3 
AMPA Log Kow: -2.36to -1.61 Not expected to bioaccumulate 


POEA Log Kow : 2.2-5.89 
BAF of 150 mL/kg 


Due to their nature, POEA compounds (a complex mixture of as 
many as 100 discrete tertiary amine molecules) may have the 
potential for bioaccumulation. Log Kow and BAF were obtained from 
the BCF/BAF v 3.0 model of EPIWIN v. 4 .0. However, given that 
the components of these compounds are easily broken down and that 
it is not persistent in soil and water, significant bioaccumulation 
under field conditions is unlikely. POEA does not meet Track-1 
criteria. 


1 =  Persistence classification of pesticides in soil according to Goring et al. (1975), Persistence classification of pesticides in water according to McEwen and 
Stephensen (1979), Adsorption/desorption mobility class according to McCall et al. (1981), TLC mobility class according to Helling and Turner (1968), 
Leaching potential based on the criteria of Cohen et al. (1984), and  Ground Ubiquity Score (GUS) based on Gustafson (1989). 


 


Table X.3 Estimated Environmental Concentrations Based on Crop and Maximum Application Rates of Canadian 
Registered Products Containing Glyphosate 


Crop Rate of Application 
(g AMPA/ha) 1 


Application 
Type 


Interval 
Between 


Application 


Soil DT50 
(Days) 


EEC Soil at 15 cm 
Depth 


(mg a.e./kg soil) 


Refined EEC Soil at 15 cm 
Depth with Drift 
(mg a.e./kg soil) 


Apple 4320 + 4320 + 3960 Ground 14 32.6 4.24 0.13 (3% drift) 
Canola 4320 + 4320 + 902 Ground 10 32.6 3.47 0.10 (3% drift) 
Canola 4320 + 4320 + 902 Aerial 10 32.6 3.47 0.59 (17% drift) 


Corn 4320 + 4320 + 903 + 
903 Ground 14 32.6 3.35 0.10 (3% drift) 


Potato 4320 Ground –– 32.6 1.92 0.06 (3% drift) 
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Table X.4 Maximum Estimated Environmental Concentrations in Vegetation and 
Insects after Direct Coarse Droplet Applications of Glyphosate at Maximum 
Rates on Apples (2 × 4320 g ae/ha + 1 × 3960 g ae/ha at 14-day Intervals and 
a 14.4 day Foliar DT50) 


Matrix EEC (mg a.e./kg fw) 1 Fresh/Dry  
Weight ratios 


EEC (mg a.e./kg 
dw) 


Short range grass 1559 3.3 2 5144.79 
Long grass 714 4.4 2 3141.30 
Broadleaf plants 881 5.4 2 4760.04 
Pods with seeds 95 3.9 3 369.35 
Insects 612 3.8 3 2325.38 
Grain and seeds 95 3.8 3 359.88 
Fruit 95 7.6 3 719.76 
1Based on correlations reported in Hoerger and Kenaga (1972) and Kenaga (1973). 
2 Fresh/dry weight ratios from Harris (1975). 
3 Fresh/dry weight ratios from Spector (1956). 
 


Table X.5 Refined Estimated Environmental Concentrations in Vegetation and Insects 
after Direct Coarse Droplet Applications of Glyphosate at Maximum Rates 
on Apples (2 × 4320 g ae/ha + 1 × 3960 g ae/ha at 14-day Intervals, 14.4 day 
Foliar DT50 and 3% drift) 


Matrix EEC (mg ai/kg fw) 1 Fresh/Dry Weight 
Ratios 


EEC (mg a.i./kg 
dw) 


Short range grass 47 3.3 2 154.34 
Long grass 21 4.4 2 94.24 
Broadleaf plants 26 5.4 2 142.80 
Pods with seeds 3 3.9 3 11.08 
Insects 18 3.8 3 69.7 
Grain and seeds 3 3.8 3 10.80 
Fruit 3 7.6 3 21.59 
1 Based on correlations reported in Hoerger and Kenaga (1972) and Kenaga (1973). 
2 Fresh/dry weight ratios from Harris (1975). 
3 Fresh/dry weight ratios from Spector (1956). 
 


  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 137 


2285Appeal Book, Tab 29







Appendix X 


Table X.6 The Estimated Environmental Concentration of Glyphosate in Water (mg 
a.e./L) at 15 and 80 cm Depth as a Result of Direct Application from Uses on 
Various Crops 


Crop 
Rate of Application  


(g a.e./ha) 


Interval 
Between 


Application 


Aerobic 
Water DT50 


(Days) 


Maximum 
Cumulative 
Application 


Rate (g 
a.e./ha) 


EEC in  
15 cm 
Water 
Depth 


(mg a.e./L) 


EEC in  
80 cm 
Water 
Depth 


(mg a.e./L) 
Apple 4320 + 4320 + 3960 14 413.6 12302 8.2 1.5 
Canola 4320 + 4320 + 902 10 413.6 9328 6.2 1.2 


Corn 4320 + 4320 + 903 + 
903 14 


413.6 9934 6.6 1.2 


Potato 4320 — 413.6 4320 2.9 0.5 
 
Table X.7 Refined Estimated Environmental Concentration of Glyphosate in Water 


(mg a.e./L) at 15 and 80 cm Depth as a Result of Direct Application from 
Uses on Various Crops 


Crop Rate of Application 
(g a.e./ha) 


Application 
Type 


EEC in  
15 cm 
Water 
Depth 


(mg a.e./L) 


EEC in  
80 cm 
Water 
Depth 


(mg a.e./L) 


Refined 
EEC in  
15 cm 
Water 
Depth 


(mg a.e./L) 


Refined 
EEC in  
80 cm 
Water 
Depth 


(mg a.e./L) 


Apple 4320 + 4320 + 3960 at 
14-day intervals 


Groundboom 
(3%) 


8.20 1.54 0.25 0.05 


Canola 4320 + 4320 + 902 at 
10-day intervals 


Groundboom 
(3%) 


6.22 1.17 0.19 0.03 


Canola 4320 + 4320 + 902 at 
10-day intervals Aerial (17%) 6.22 1.17 1.06 0.20 


Corn 4320 + 4320 + 903 + 
903 at 14-day intervals 


Groundboom 
(3%) 


6.62 1.24 0.20 0.04 


Potato 4320 Groundboom 
(3%) 


2.88 0.54 0.09 0.02 
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Table X.8 Toxicity Values of Glyphosate Technical, Glyphosate Formulations and the 
Transformation Product AMPA to Earthworms and the Collembolan 
Folsomia candida  


Species 
Name or 
Taxon 


Formulation 
Type 


Reported 
Endpoint Value Comment Degree of 


Toxicity 


Acute Toxicity 
Glyphosate Technical 


Earthworm 
Eisenia 
foetida 


Glyphosate 
Technical (98.7%) LC50 


> 1000 mg 
a.e./kg soil NR NA 


Glyphosate (N-
(phos-
phonomethyl)-
glycine 


LC50 
> 480 mg 
a.e./kg soil NR NA 


Glyphosate 
Technical 95% 


48-hr 
LD50 
7-d LC50 
14-d 
LC50 


566.1 µg 
a.e./cm2  
345.8 mg 
a.e./kg soil  
327.8 mg 
a.e./kg soil  


(Filter paper 
test) 
(Soil toxicity 
test) 
(Soil toxicity 
test) 


Moderately 
toxic1 


Technical Grade 48-hr 
LC50 


> 2000 mg 
a.e./kg soil 


Highest test 
concentration NA 


Glyphosate Formulation (With POEA) 
Collembola 
Folsomia 
candida 


Montana® (30.8) 48-hr 
EC50 


1.13 mg a.e./kg 
soil Mortality NA 


Earthworm 
Eisenia 
foetida 


MON 78568, 
monoammonium 
salt 


14-d 
LD50 


> 4257 mg 
a.e./kg soil NR NA 


MON 0139 
(Glyphosate IPA 
salt) 


28-d 
LC50 


>28.79 mg 
EUP/kg soil 
>21.3 mg 
a.e./kg soil 


No effect on 
adult survival at 
highest test 
concentration. 


NA 


Earthworm 
Eisenia 
andrei 


Roundup® FG 28-d 
LC50 


> 1.440 kg 
EUP/ha 
> 1.066 kg 
a.e/ha 
>0.47 mg 
a.e/kg soil2 


Adult survival. 
No mortality at 
tested rate of 
application. 


NA 
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Species 
Name or 
Taxon 


Formulation 
Type 


Reported 
Endpoint Value Comment Degree of 


Toxicity 


Glyphosate Formulation (POEA Unknown) 


Earthworm 
Eisenia 
foetida 


Glyphosate (360 
g/L) IPA salt 


14-d 
LC50 


> 1000 mg 
a.e./kg soil 


7% mortality at 
highest test 
concentration. 


NA 


YF 11087 – 
Glyphosate-
potassium salt 
(513 g a.e./L) 


14-d 
LC50 
NOEC: 


> 1000 mg 
a.e./kg soil 
1000 mg 
a.e./kg soil 


NOEC based on 
highest test 
concentration. 


NA 


Transformation Product AMPA 


Earthworm 
Eisenia 
andrei 


AMPA 


14-d 
LC50 
14-d 
EC50 
14 –d 
NOEC 


> 1000 mg/kg 
soil 
> 1000 mg/kg 
soil 
100 mg/kg soil 


Effect on 
biomass at the 
highest test 
concentration. 


NA 


Acute Avoidance 
Glyphosate Technical 


Earthworm 
Eisenia 
andrei 


Glyphosate IPA 48-hr 
AC50 


>8.49 kg a.e/ha 
or 
>46.7 mg 
a.e/kg soil 


No avoidance 
effect at highest 
test 
concentration. 


NA 


Earthworm 
Eisenia 
andrei 


Spasor® IPA salt 
41.5% and 165 
surfactant 


48-hr 
AC50 


>120 mg a.e/kg 
soil 
>10.9 kg a.e./ha 


NR NA 


Reproduction 
Glyphosate Formulation (With-POEA) 
Collembola 
Folsomia 
candida 


Montana® (30.8) 28-d 
EC50 


0.54 mg a.e./kg 
soil Reproduction NA 


Earthworm 
Eisenia 
andrei 


Montana® (30.8) 56-d 
LC50 


Not determined 


Significant 
increase of 
juveniles in 
50% dilution 
test (around 
0.41 mg a.e./kg 
soil). 


NA 


Roundup® FG 56-d 
LC50 


> 1.440 kg 
EUP/ha 
> 1.066 kg 
a.e./ha 
> 0.47 mg 
a.e./kg soil2 


Effect on 
hatchability: 
41% of control 
at tested rate of 
application. 
NOEC not 
reported. 


NA 
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Species 
Name or 
Taxon 


Formulation 
Type 


Reported 
Endpoint Value Comment Degree of 


Toxicity 


Earthworm 
Eisenia 
foetida 


MON 0139 
(Glyphosate IPA 
salt) 


56-d 
NOEC 


28.79 mg 
EUP/kg soil 
21.3 mg a.e./kg 
soil or 30240 g 
a.e./ha 


No effect on 
reproduction at 
highest test 
concentration. 


NA 


Transformation product AMPA 


Earthworm 
Eisenia 
foetida 


AMPA (99.1%) 56-d 
NOEC 


28.12 mg/kg 
soil 


No effect on 
reproduction at 
high test 
concentration. 


NA 


1 = The 48-hr filter paper test toxicity is based on the classification of Roberts and Durough (1983). 


2 = Calculated by the PMRA, where endpoint value = 1 067 000 mg a.e/ ha / ( 0.15 m [soil depth] × 100 m × 100 m × 1500 kg/ m3 [soil bulk 


density]). 


ND = Not detected.  


NR = Not reported. 


NA = Not available. 


End-points in bold are to be used in risk assessment. 
 
Table X.9 Toxicity Values of Glyphosate Technical and its Formulations to Honeybees 


Formulation Type Reported 
Endpoint Toxicity Value Degree of 


Toxicity1 
Acute Oral 
Glyphosate Technical 


Glyphosate Technical (98.5%) 48-hr 
LD50 


> 100 µg/bee Relatively 
non-toxic 


Glyphosate Technical (98.5%) LD50 
NOEL  


> 182 µg ae/bee 
182 µg ae/bee (highest 
concentration tested) 


Relatively 
non-toxic 


CP67573 Technical  LD50 > 100 µg ae/bee Relatively 
non-toxic 


Glyphosate Formulation (With POEA) 
Glyphosate IPA salt, MON 
2139 (36%) LD50 > 100 µg/bee Relatively 


non-toxic 


MON 77360 (30% w/w 
glyphosate a.e.) 


LD50 
NOEL 


> 30 µg ae/bee (> 100 µg 
EUP/bee) 
15 µg ae/bee  


Relatively 
non-toxic 


MON 78568 monoammonium 
salt (65.6% a.e) 


LD50 
NOEL 


> 100 µg /bee  
100 µg ae/bee  


Relatively 
non-toxic 


MON 2139 (36% a.e.) LD50 > 100 µg a.e./bee Relatively 
non-toxic 
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Formulation Type Reported 
Endpoint Toxicity Value Degree of 


Toxicity1 
Glyphosate Formulation (POEA Unknown) 


Glyphosate 360 g/L LD50 
NOEL 


> 86.3 µg ae/bee (> 317 µg 
EUP/bee) 
86.3 µg ae/bee (317 µg EUP/bee) 
(high concentration tested) 


Relatively 
non-toxic 


Acute Contact 
Glyphosate Technical 


Glyphosate Technical (97.6%) 48-hr 
LD50 


> 100 µg/bee Relatively 
non-toxic 


Glyphosate Technical (98.5%) LD50 
NOEL 


> 182 µg ae/bee 
182 µg ae/bee (highest 
concentration tested) 


Relatively 
non-toxic 


CP67573 Technical LD50 > 100 µg ae/bee Relatively 
non-toxic 


Glyphosate Formulation (With POEA) 
Glyphosate IPA salt, MON 
2139 (36%) LD50 > 100 µg/bee Relatively 


non-toxic 


MON 77360 (30% w/w 
glyĥosate a.e.) 


LD50 
NOEL 


> 30 µg ae/bee (> 100 µg 
EUP/bee) 
30 µg ae/bee (highest 
concentration tested)  


Relatively 
non-toxic 


MON 78568 monoammonium 
salt  
(65.6% a.e) 


LD50 
NOEL 


> 76.23 µg /bee  
76.23 µg ae/bee (highest 
concentration tested)  


Relatively 
non-toxic 


MON 6500 (31.32% a.e.) 
48-hr 
LD50 
NOAEL 


> 31.3 µg ae/bee 
31.3 µg ae/bee2 (highest 
concentration tested) 


Relatively 
non-toxic 


MON 2139 (36% a.e.) LD50 > 100 µg a.e./bee Relatively 
non-toxic 


Glyphosate Formulation (POEA Unknown) 


Glyphosate 360 g/L LD50 
NOEL 


> 116 µg ae/bee (> 426 µg 
EUP/bee) 
116.3 µg ae/bee (426 µg 
EUP/bee) (highest concentration 
tested) 


Relatively 
non-toxic 


1 = Acute and oral toxicity classifcation based on Atkins et al. 1981. 
2 This value was reported as 319 µg ae/bee, which has been deemed to be a typo. No effects were observed up to 100 
µg EUP/bee, corresponding to 31.3 µg ae/bee based on the purity of 31.32%. 
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Table X.10 Toxicity Values of Glyphosate Technical and its Formulations to Beneficial 
Insects 


Species 
Name or 
Taxon 


Formulation 
Type Exposure Reported 


Endpoint Toxicity Value Measurement 
Endpoint 


Glyphosate Technical 


Western 
bigeyed bug, 
Geocoris 
pallens 


Glyphosate 
NOS 


Leaf 
substrate 
at rates up 
to 6.7 
kg/ha 


LD50  


280 g a.e./ha (Duration and 
routes of exposure are 
unclear)1; dose-response 
increases in survival and 
also in egg viability 
compared to controls  


Mortality, 
fecundity 


 Glyphosate Formulation (WITH POEA) 
Predatory 
mite, 
Typhlodro-
mus pyri  


MON 78568, 
monomammon
ium salt 


Glass 
plates 7-d LR50  


1200 g a.e./ha; NOAER: 
216 g a.e/ha 


Mortality, 
fecundity 


Leaf 
substrate 


7-d LR50 
NOAER 


> 4320 g a.e./ha;  
216 g a.e/ha 


Mortality, 
fecundity 


Parasitic 
wasp, 
Aphidius 
rhopalosiphi  


MON 78568, 
monomammon
ium salt 


Glass 
plates 


48-hr 
LR50 
13-d LR50 
NOAER: 


 > 108 g a.e./ha  
> 4320 g a.e./ha 
4320 g a.e/ha 


Mortality, 
fecundity 


Leaf 
substrate 


48-hr 
LR50 
13-d LR50 
NOAER: 


> 4320 g a.e./ha 
> 4320 g a.e./ha;  
4320 g a.e/ha 


Mortality, 
fecundity 


Lacewing, 
Chrysoperla 
carnea 


MON 78568, 
monomammon
ium salt 


Glass 
plates 10-d LR50 


> 4320g a.e./ha; NOAER: 
4320 g a.e/ha 


Mortality, 
fecundity 


Predatory 
mite, Euseius 
victoriensis 


Roundup (360 
g/L)  


Leaf 
substrate  


48-h and 
7-d 


At 787 g a.i./ha,  
2-3% mortality between 48-
h and 7-d;  
fecundity reduced by 15.5% 


Mortality and 
fecundity 


 Glyphosate formulation (POEA UNKNOWN) 
Predatory 
mite, 
Typhlodro-
mus pyri  


Glyphosate 
360 g/L, SL 
di-ammonium 
salt 


Glass 
plates 


7-d LR50  
NOER  


161.9 g a.e/ha 
120 g a.e./ha (fecundity) 


Mortality, 
fecundity  


Leaf 
substrate 


7-d LR50  
NOER  


1567 g a.e/ha;  
720 g a.e./ha  


Mortality, 
fecundity 


Parasitic 
wasp, 
Aphidius 
rhopalosiphi 


Glyphosate 
360 g/L, SL 
di-ammonium 
salt 


Glass 
plates 


48-hr 
LR50 
NOER 


2267 g a.e./ha 
< 598 g a.e./ha 


Mortality, 
fecundity 


Leaf 
substrate 


48-hr 
LR50 
NOER  


 >5976 g a.e./ha 
5976 g a.e./ha  


Mortality, 
fecundity 


Hoverfly, 
Episyrphus 
balteatus  


Glyphosate 
360 g/L, SL 
di-ammonium 
salt 


Leaf 
substrate 


48-hr 
LR50 
NOER  


> 5976 g a.e./ha 
5976 g a.e./ha  


Mortality, 
fecundity 
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Species 
Name or 
Taxon 


Formulation 
Type Exposure Reported 


Endpoint Toxicity Value Measurement 
Endpoint 


Lacewing, 
Chrysoperla 
carnea  


Glyphosate 
360 g/L, di-
ammonium 
salt 


Glass 
plates 


48-hr 
LR50 
NOER  


> 5976 g a.e./ha 
5976 g a.e./ha  


Mortality, 
fecundity  


Carabid 
beetle, 
Poecilus 
cupreus 


Glyphosate 
360 g/L, di-
ammonium 
salt 


Soil 
substrate 


7-d LR50 
NOER = 


> 2988 g a.e./ha 
2988 g a.e./ha  


Mortality, 
prey 
consumption  


Staphylinid 
beetle, 
Aleochara 
bilineata, 


Glyphosate 
360 g/L, di-
ammonium 
salt 


Soil 
substrate 


28-d 
NOER  


5976 g a.e./ha (highest rate 
tested)  Reproduction 


1The duration of exposure is not clear and the nature of the exposure appears to be a combination of contact and 
oral. The results of this study are not particularly useful. 
 
Table X.11 Toxicity Values of Glyphosate Technical and its Formulations to Birds 


Species 
Name or 
Taxon 


Formulation 
Type 


Reported 
Endpoint Toxicity Value Degree of 


Toxicity1 


Acute Oral 
Glyphosate Technical 
Bobwhite 
quail, Colinus 
virginianus 


Glyphosate acid 
(95.6%) 


LD50 
NOEL 


> 1912 mg a.e./kg bw  
1912 mg a.e./kg bw (highest 
concentration tested)  


Practically 
non-toxic 


Bobwhite 
quail, Colinus 
virginianus 


Glyphosate 
technical (97.5%) LD50 > 2000 mg/kg bw  Practically 


non-toxic 


Bobwhite 
quail, Colinus 
virginianus 


Glyphosate 
technical  LD50 > 3196.3 mg a.e/kg bw Practically 


non-toxic 


Mallard duck, 
Anas 
platyrhynchos 


Glyphosate 
technical (97.5%) 


LD50 
NOEL 


> 2000 mg ae/kg bw 
2000 mg a.e./kg bw (highest 
concentration tested) 


Practically 
non-toxic 


Canary, 
Serinus 
canaria 


Glyphosate (acid, 
96.3%) 


LD50 
NOAEL 
ED50 


> 2000 mg a.e./kg bw 
1200 mg a.e./kg bw  
2819 mg ae/kg bw 
(regurgitation) 


Practically 
non-toxic 
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Species 
Name or 
Taxon 


Formulation 
Type 


Reported 
Endpoint Toxicity Value Degree of 


Toxicity1 


Glyphosate Formulation (POEA Unknown) 


Bobwhite 
quail, 
Colinus 
virginianus  


MON 58121 – no 
information on 
the glyphosate 
content in the 
formulation 


LD50 
NOEL 
NOEL 


598 mg MON 58121/kg bw3 
292 mg MON 58121/kg bw 
(mortality) 
< 175 mg MON 58121/kg bw 
(body weight and food 
consumption) 


Formulation 
is slightly 
toxic. 


Bobwhite 
quail, Colinus 
virginianus  


Glyphosate 
monoammonium 
salt, 68.5% a.i. 
(MON 14420 
formulation)  


LD50  
NOAEL 


1131 mg a.e./kg bw (1651mg 
formulation/kg bw)  
333 mg a.e./kg bw (effect not 
reported) 


Formulation 
is slightly 
toxic. 


AMPA 


Bobwhite 
quail, Colinus 
virginianus  


AMPA, 87.8% LD50  
NOAEL 


> 1976 mg/kg bw 
NOAEL: 1185 mg/kg bw 


AMPA is not 
toxic up to 
the highest 
concentraton 
tested. 


Acute Dietary 
Glyphosate Technical 
Bobwhite 
quail, Colinus 
virginianus 


Glyphosate acid 
(95.6%) 


5-d LC50 
NOEC = 


>1743 mg a.e./kg bw/day 
4860 mg a.e./kg diet (highest 
concentration tested) 


Practically 
non-toxic 


Bobwhite 
quail, Colinus 
virginianus 


Glyphosate acid 
(95.6%) 


LC50 
 
 
NOAEC  


>5200 mg/kg diet (nominal) 
(>4971.2 mg a.e./kg diet 
corrected for purity); 
equivalent to 5-d LD50 >528 
mg a.e./kg bw/day2 
4971.2 mg a.e./kg diet 


Practically 
non-toxic 


Bobwhite 
quail, Colinus 
virginianus 


Glyphosate 
(98.5%) 


LC50 


 
NOAEC 


>4640 mg a.e./kg diet (>4570 
mg a.e./kg diet corrected for 
purity); equivalent to 5-d LD50 
>485 mg a.e./kg bw/day2 
4570 mg a.e./kg diet (highest 
concentration tested) 


Not toxic up 
to highest 
concentration 
tested 
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Species 
Name or 
Taxon 


Formulation 
Type 


Reported 
Endpoint Toxicity Value Degree of 


Toxicity1 


Mallard duck, 
Anas 
platyrhynchos 


Glyphosate acid 
(95.6%) 


5-d LC50 


 
 
 
NOEC  


>5160 mg ae/kg diet based on 
measured concentrations 
(>4971 mg ae/kg diet based on 
nominal concentrations 
corrected for purity); 
equivalent to a 5-d LD50 >2580 
mg ae/kg bw/day 
5160 mg a.e./kg diet based on 
mean measured concentrations 
(highest concentration tested) 


Practically 
non-toxic 


Glyphosate Formulation (POEA Unknown) 


Bobwhite 
quail, Colinus 
virginianus  


MON 58121 – no 
information 
glyphosate 
content in the 
formulation 


LC50 


 
NOEC = 


>5620 mg MON 58121/kg diet3 
; equivalent to >597 mg MON 
58121/kg bw/day 
3160 mg MON 58121/kg diet 
(body-weight gain) 


Formulation 
is practically 
non-toxic 


Bobwhite 
quail, Colinus 
virginianus  


Glyphosate 
isopropylamine 
salt, 31.32% a.i. 
(MON65005) 


LC50 


 
NOAEC 


>1760 mg a.e./kg bw; 
equivalent to LD50 >187 mg 
a.e./kg bw/day2 
1760 mg a.e./kg bw (highest 
concentration tested) 


Formulation 
is not toxic 
up to the 
highest 
concentration 
tested 


Mallard duck, 
Anas 
platyrhynchos 


Glyphosate 
isopropylamine 
salt, 31.32% a.i. 
(MON65005) 


LC50 


 
NOAEC 


>1760 mg a.e./kg bw; 
equivalent to LD50 >100 mg 
a.e./kg bw/day2 
1760 mg a.e./kg bw (highest 
concentration tested) 


Formulation 
is not toxic 
up to the 
highest 
concentration 
tested 


Glyphosate Formulation (With POEA) 21-day Dietary 


Chicken Roundup 21-d 
NOEC 


45% reduced body weight at 
4500 mg a.e./kg diet compared 
to controls after 21-days of 
expsoure.  
= 450 mg a.e./kg diet (body 
weight), reported to be 
equivalent to a 21-day dietary 
NOEL of approximately 43 mg 
a.e./kg bw/day based on a 9.5% 
consumption rate of body 
weight.  


NR 
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Species 
Name or 
Taxon 


Formulation 
Type 


Reported 
Endpoint Toxicity Value Degree of 


Toxicity1 


AMPA 
Bobwhite 
quail, Colinus 
virginianus  


AMPA, 87.8% 
LC50 
NOAEC 


 >4934 mg/kg bw 
4934 mg/kg bw 


AMPA is not 
toxic up to 
the highest 


concentration 
tested 


Mallard duck, 
Anas 
platyrhynchos 


AMPA, 87.8% 


Reproduction 
Glyphosate Technical 


Bobwhite 
quail, Colinus 
virginianus 


Glyphosate 
technical (83%) NOEC 


1000 mg a.e./kg diet (highest 
concentration tested) (830 mg 
a.e./kg diet corrected for 
purity); equivalent to NOEL= 
88 mg a.e./kg bw/day2 


— 


Bobwhite 
quail, Colinus 
virginianus 


Glyphosate acid 
(95.6%) NOEC 


2160 mg ae/kg diet (highest 
concentration tested); 
equivalent to NOEL = 198 mg 
ae/kg bw/day 


— 


Mallard duck, 
Anas 
platyrhynchos 


Glyphosate (acid, 
95.6%) NOEC 


2160 mg a.e./kg diet (highest 
concentration tested); 
equivalent to NOEL of 291 mg 
a.e./kg bw/day 


— 


Mallard duck, 
Anas 
platyrhynchos 


Glyphosate (acid, 
90.4%) NOEC 


30 mg a.e./kg diet (27 mg ae/kg 
diet corrected for purity) 
(highest concentration tested) 
equivalent to NOEL of 1.5 mg 
a.e./kg bw/day2 


— 


Mallard duck, 
Anas 
platyrhynchos 


Glyphosate 
technical (83%) NOAEC 


1000 mg a.e./kg diet (830 mg 
ae/kg diet corrected for purity) 
(highest concentration tested) 
equivalent to NOAEL = 47 mg 
a.e./kg bw/day2 


— 


1 Oral and DietaryToxicity classification of bird; Hazard Evaluation Division, Standard Evaluation Procedure, 
USEPA, 1985. 
2 The toxicity endpoint was converted by the reviewer from a concentration to a daily dose using the following 
general equation: Daily Dose = Concentration in food × (FIR/BW). In the absence of data from the study, 
default adult body weights (178 g for bobwhite quail and 1082 g for mallard duck) and food ingestion rates 
(18.9 g dry weight food/day for bobwhite quail and 61.2 g dry weight food/day for mallard duck) were used in 
the calculation. 
3Content of glyphosate in the formulation is not reported. This endpoint cannot be used for risk assessment 
purposes, as the daily doses used in calculations are on an active ingredient (or, in this case, acid equivalent) 
basis. It is also noted that the relevance of formulation MON 58121 to Canada is not known. 
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Table X.12 Toxicity Values of Glyphosate Technical and its Formulations to Mammals 


Species Name 
or Taxon 


Formulation 
Type 


Reported 
Endpoint Toxicity Value Degree of 


Toxicity1 


Acute Oral 
Glyphosate Technical 


Rat 


Glyphosate 
technical (99%) LD50 5600 mg/kg bw  Practically 


non-toxic 
Glyphosate 
technical (97.3%) LD50 > 5000 mg/kg bw  Practically 


non-toxic 
Glyphosate 
technical (95.6%) LD50 > 5000 mg/kg bw Practically 


non-toxic 
Glyphosate 
technical (97.4%) LD50 > 5000 mg/kg bw Practically 


non-toxic 
Glyphosate acid 
(76 to 97.2%) LD50 


> 1920 to > 4860 mg 
a.e./kg bw (8 studies) 


Practically 
non-toxic 


Glyphostate 
isopropylamine 
salt 


72 hr LD50 
approximately equal to 
4400 mg a.e./kg bw (based 
on 5957 mg a.i./kg bw) 


Practically 
non-toxic 


Glyphostate 
isopropylamine 
salt 


LD50 
> 5000 mg/kg bw 
(equivalent to >3700 mg 
a.e./kg bw) 


Practically 
non-toxic 


Glyphosate 
technical LD50 4873 mg/kg bw Practically 


non-toxic 


Glyphosate 
technical LD50 


> 5000 mg/kg bw (same 
value for three different 
studies) 


Practically 
non-toxic 


Mouse Glyphosate 
technical LD50 1568 mg/kg bw Slightly 


toxic 


Deer mouse 
Glyphostate 
isopropylamine 
salt 


LD50 
> 6000 mg/kg bw 
(equivalent to >4440 mg 
a.e./kg bw) 


Practically 
non-toxic 


Glyphosate Formulation (POEA Unknown) 


Rat 


H-M2028, 11.4% 
a.i. LD50 


357 mg a.e./kg bw 
(estimated to be equivalent 
to 3132 mg formulation/kg 
bw)  


Formulation 
is practically 
non-toxic. 


MON 20033 (EZ-
Ject Capsuls), 
63% a.i. 


LD50  
3150 mg a.e./kg bw (5000 
mg formulation/kg bw) 


Formulation 
is practically 
non-toxic. 


MON 77063 
(Roundup 
Ultradry), 65.4% 
a.i. 


LD50 
2599 mg a.e./kg bw (5827 
mg formulation/kg bw) 


Formulation 
is practically 
non-toxic. 


Glyphomax, 
isopropylamine LD50 


724 mg a.e./kg bw (3803 
mg formulation/kg bw) 


Formulation 
is practically 
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Species Name 
or Taxon 


Formulation 
Type 


Reported 
Endpoint Toxicity Value Degree of 


Toxicity1 


salt, 22.9% a.i. non-toxic. 


MON 20047, 
18.4% a.i. 
(Roundup 
Rainfast, 25.1% 
isopropylamine 
salt, 18.6% a.e.) 


LD50 
460-690 mg a.e./kg bw 
(3750 mg formulation/kg 
bw) 


Formulation 
is practically 
non-toxic. 


Various 
glyphosate 
formulations 


LD50  
>35.5 to >4000 mg a.e./kg 
bw (41 studies) 


Formulation 
is not toxic 
up to the 
highest 
concentra-
tion tested. 


Glyphosate Formuation (With POEA) 


Rat 
Roundup (360 
g/L, 18% 
surfactant) 


LD50  
2300 mg formulation/kg 
bw 


Formulation 
is practically 
non-toxic. 


Rat 
Roundup (41% 
a.e., 15% 
surfactant) 


72-hr LD50  
1619 mg a.e./kg bw (5337 
mg formulation/kg bw) 


Formulation 
is practically 
non-toxic. 


Rat Roundup LD50 
>5000 mg/kg bw (unit for 
exposure not specified) 


Formulation 
is practically 
non-toxic. 


Mouse Roundup LD50  
2300 mg formulation/kg 
bw (unit for exposure not 
specified) 


Formulation 
is practically 
non-toxic. 


Two-generation Reproduction (Dietary Exposure) 
Gyphosate Technical 


Rat 


Glyphosate 
technical (97.7%) 


Parental:  
NOAEL  
 
Offspring: 
NOAEL  
 
Repro: 
NOAEL  


685/779 mg/kg bw/day 
(males/females) 
(decreased body weight 
and body-weight gain) 
 
115/160 mg/kg bw/day 
(males/females) 
(decreased body weight) 
 
1768/2322 mg/kg bw/day 
(males/females) (highest 
concentration tested) 


— 


Glyphosate 
technical (99.2%) 


Parental:  
NOAEL  
 
Offspring: 


143/179 mg/kg bw/day 
(males/females) 
(decreased body weight 
and body-weight gain) 


— 
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Species Name 
or Taxon 


Formulation 
Type 


Reported 
Endpoint Toxicity Value Degree of 


Toxicity1 


NOAEL  
 
Repro: 
NOAEL 


 
488/595 mg/kg bw/day 
(males/females) (highest 
concentration tested) 
 
488/595 mg/kg bw/day 
(males/females) (highest 
concentration tested) 


Glyphosate 
technical (98%) 


Parental:  
NOAEL  
 
Offspring: 
NOAEL  
 
Repro: 
NOAEL 


985/1054 mg/kg bw/day 
(males/females) (highest 
concentration tested) 
 
99.4/104 mg/kg bw/day 
(males/females) 
(decreased body weight) 
 
985/1054 mg/kg bw/day 
(males/females) (highest 
concentration tested) 


— 


Glyphosate 
technical 
(97.67%) 


NOAEL  
 
LOAEL  


500 mg/kg bw/day 
(decreased body-weight 
gain in F1a, F2a and F2b 
male and female pups 
during lactation)  
1500 mg/kg bw 


— 


Multi-generation (Dietary Exposure) 
Glyphosate Technical 


Rat Glyphosate acid 
(98.7%) 


NOAEL 
 
LOAEL  


740 mg/kg bw/day 
(decreased body weight in 
parents and pups and 
equivocal decrease in 
average litter size) 
2268 mg/kg bw/day 


— 


Three-generation (Dietary Exposure) 
Glyphosate Technical 


Rat Glyphosate acid  NOAEL 30 mg/kg bw/day (highest 
concentration tested) — 


1 According to USEPA Hazard Classification Scheme (1985). 
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Table X.13 Toxicity Values of Glyphosate Technical and its Formulations to Terrestrial 
Plant – Seedling Emergence 


Species Name or 
Taxon 


Formulation 
Type 


Study 
Duration 


Reported 
Endpoint 


Toxicity 
Value 


(kg 
a.e./ha) 


Measurement 
Endpoint 


Glyphosate Technical 
Tomato, Solanum 
lycopersicum Technical 21-d EC25 - 


EC50 
1.57-3.25 Dry weight  


Corn, Zea mays Technical 21-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Survival, plant 
height, dry 
weight 


Oat, Avena sativa Technical 21-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Survival, plant 
height, dry 
weight 


Oat, Avena sativa CP-70139 IPA 
50% 14-d EC25 - 


EC50 
> 11.21- 
>11.21 Emergence 


Onion, Allium cepa Technical 21-d EC25 - 
EC50 


2.02-4.26 Plant height 


Wheat, Triticum 
aestivum Technical 21-d EC25 - 


EC50 
> 4.48-  
> 4.48 


Survival, plant 
height, dry 
weight 


Radish, Raphanu 
sativus Technical 21-d EC25 - 


EC50 
> 4.48-  
> 4.48 Survival 


Cucumber, Cucumis 
sativus Technical 21-d EC25 - 


EC50 
> 4.48-  
> 4.48 


Survival, plant 
height, dry 
weight 


Sunflower, 
Helianthus annuus Technical 21-d EC25 - 


EC50 
> 4.48-  
> 4.48 


Survival, plant 
height, dry 
weight 


Carrot, Daucus 
carota Technical 21-d EC25 - 


EC50 
2.35-4.48 Plant height 


Rice, Oryza sativa CP-70139 IPA 
50% 14-d EC25 - 


EC50 
> 11.21- 
>11.21 Emergence 


Sorghum, Sorghum 
bicolor 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
> 11.21- 
>11.21 Emergence 


Sugar beet, Beta 
vulgaris 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
> 11.21- 
>11.21 Emergence 


Soybean, Glycine 
max Technical 21-d EC25 - 


EC50 
> 4.48-  
> 4.48 


Survival, plant 
height, dry 
weight 


Soybean, Glycine 
max 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
> 11.21- 
>11.21 Emergence 


Coklebur, Xanthium 
strumarium 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
> 11.21- 
>11.21 Emergence 


Spiny coklebur, CP-70139 IPA 14-d EC25 - > 11.21- Emergence 
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Species Name or 
Taxon 


Formulation 
Type 


Study 
Duration 


Reported 
Endpoint 


Toxicity 
Value 


(kg 
a.e./ha) 


Measurement 
Endpoint 


Xanthium spinosum 50% EC50 >11.21 
Downy brome, 
Bromus tectorum 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
> 11.21- 
>11.21 Emergence 


Proso millet, 
Panicum miliaceum 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
>11.21- 
>11.21 Emergence 


Barnyard grass, 
Echinochloa 
crusgalli 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
>11.21- 
>11.21 Emergence 


Large crabgrass, 
Digitaria 
sanguinalis 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
>11.21- 
>11.21 Emergence 


Wild buckwheat, 
Polygonum 
convolvulus 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
>11.21- 
>11.21 Emergence 


Morning glory, 
Ipomea spp. 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
>11.21- 
>11.21 Emergence 


Hemp sesbania, 
Sesbania exalta 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
>11.21- 
>11.21 Emergence 


Common 
lambsquater, 
Chenopodium 
album 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
>11.21- 
>11.21 Emergence 


Pensylvania 
smartweed, 
Polygonum 
pensylvanicum 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
>11.21- 
>11.21 Emergence 


Velvet leaf, 
Abutilon 
theophrasti 


CP-70139 IPA 
50% 14-d EC25 - 


EC50 
>11.21- 
>11.21 Emergence 


Glyphosate Formulation (Non-POEA) 


Corn, Zea mays 
Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Emergence, dry 
weight 


Wheat, Triticum 
aestivum 


Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Emergence, dry 
weight 


Wild oat, Avena 
fatua 


Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Emergence, dry 
weight 


Armada Wheat, 
Triticum aestivum 
cv. Armada 


Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Emergence, dry 
weight 
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Species Name or 
Taxon 


Formulation 
Type 


Study 
Duration 


Reported 
Endpoint 


Toxicity 
Value 


(kg 
a.e./ha) 


Measurement 
Endpoint 


Sugar beet, Beta 
vulgaris 


Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Emergence, dry 
weight 


Soybean, Glycine 
max 


Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Emergence, dry 
weight 


oilseed rape, 
Brassica napus 


Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Emergence, dry 
weight 


Goose grass, 
Eleusine indica 


Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Emergence, dry 
weight 


Purple nutsedge, 
Cyperus rotundus 


Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Emergence, dry 
weight 


Spiny cocklebur, 
Xanthium spinosum 


Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48-  
> 4.48 


Emergence, dry 
weight 


Sicklepod, Senna 
obtusifolia 


Glyphosate acid, 
wettable powder, 
48.3% 


28-d EC25 - 
EC50 


> 4.48- 
>4.48 


Emergence, dry 
weight 


 
Table X.14 Toxicity Values of Glyphosate Technical and its Formulations to Terrestrial 


Plant – Vegetative Vigour  


Species Name or 
Taxon (Latin) 


Formulation 
Type 


Study 
Duration 


(Day) 


Endpoint 
Type  


Toxicity 
Value (kg 


a.e./ha) 


Measurement 
Endpoint 


Glyphosate Technical 


Onion, Allium cepa 
Glyphosate 
acid  
(96.6% purity) 


21 EC25 0.95 Dry weight 


Onion, Allium cepa Glyphosate 
IPA 21 EC25 0.72 Dry weight 


Oat, Avena sativa 
Glyphosate 
acid  
(96.6% purity) 


21 EC25 0.43 Dry weight 


Oat, Avena sativa Glyphosate 
IPA 21 EC25 0.74 Dry weight, 


survival 
Cabbage, Brassica 
oleraceae var. 
capitata 


Glyphosate 
acid  
(96.6% purity) 


21 EC25 0.34 Dry weight 
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Species Name or 
Taxon (Latin) 


Formulation 
Type 


Study 
Duration 


(Day) 


Endpoint 
Type  


Toxicity 
Value (kg 


a.e./ha) 


Measurement 
Endpoint 


Cucumber, Cucumis 
sativus 


Glyphosate 
acid  
(96.6% purity) 


21 EC25 0.46 Dry weight 


Cucumber, Cucumis 
sativus 


Glyphosate 
IPA 21 EC25 0.51 Plant height 


Carrot, Daucus carota Glyphosate 
IPA 21 EC25 0.33 Dry weight 


Soybean, Glycine max 
Glyphosate 
acid  
(96.6% purity) 


21 EC25 0.47 Dry weight 


Soybean, Glycine max Glyphosate 
IPA 21 EC25 0.33 Dry weight 


Sunflower, 
Helianthus annuus 


Glyphosate 
IPA 21 EC25 0.15 Dry weight 


Lettuce, Lactuca 
sativa 


Glyphosate 
acid  
(96.6% purity) 


21 EC25 0.45 Dry weight 


Perennial rygrass, 
Lolium perenne 


Glyphosate 
acid  
(96.6% purity) 


21 EC25 0.90 Dry weight 


Radish, Raphanus 
sativus 


Glyphosate 
acid  
(96.6% purity) 


21 EC25 0.16 Dry weight 


Radish, Raphanus 
sativus 


Glyphosate 
IPA 21 EC25 0.09 Dry weight 


Tomato, Solanum 
lycopersicum 


Glyphosate 
acid 
(96.6% purity) 


21 EC25 0.10 Dry weight 


Tomato, Solanum 
lycopersicum 


Glyphosate 
IPA 21 EC25 0.24 Dry weight 


Wheat, Triticum 
aestivum (winter) 


Glyphosate 
IPA 21 EC25 0.20 Dry weight 


Corn, Zea mays 
Glyphosate 
acid  
(96.6% purity) 


21 EC25 0.41 Dry weight 


Corn, Zea mays Glyphosate 
IPA 21 EC25 0.30 Dry weight 


  


Onion, Allium cepa 
Glyphosate 
acid  
(96.6% purity) 


21 EC50 1.79 Dry weight 


Onion, Allium cepa Glyphosate 
IPA 21 EC50 0.74 Dry weight 
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Species Name or 
Taxon (Latin) 


Formulation 
Type 


Study 
Duration 


(Day) 


Endpoint 
Type  


Toxicity 
Value (kg 


a.e./ha) 


Measurement 
Endpoint 


Oat, Avena sativa 
Glyphosate 
acid 
(96.6% purity) 


21 EC50 0.87 Dry weight 


Oat, Avena sativa Glyphosate 
IPA 21 EC50 0.74 Dry weight, 


survival 
Cabbage, Brassica 
oleraceae var. 
capitata 


Glyphosate 
acid  
(96.6% purity) 


21 EC50 0.74 Dry weight 


Cucumber, Cucumis 
sativus 


Glyphosate 
acid  
(96.6% purity) 


21 EC50 0.90 Dry weight 


Cucumber, Cucumis 
sativus 


Glyphosate 
IPA 21 EC50 0.74 Dry weight, 


height 


Carrot, Daucus carota Glyphosate 
IPA 21 EC50 0.65 Dry weight 


Soybean, Glycine max 
Glyphosate 
acid  
(96.6% purity) 


21 EC50 0.97 Dry weight 


Soybean, Glycine max Glyphosate 
IPA 21 EC50 0.66 Dry weight 


Sunflower, 
Helianthus annuus 


Glyphosate 
IPA 21 EC50 0.30 Dry weight 


Lettuce, Lactuca 
sativa 


Glyphosate 
acid  
(96.6% purity) 


21 EC50 0.76 Dry weight 


Perennial rygrass, 
Lolium perenne 


Glyphosate 
acid  
(96.6% purity) 


21 EC50 1.34 Dry weight 


Radish, Raphanus 
sativus 


Glyphosate 
acid  
(96.6% purity) 


21 EC50 0.25 Dry weight 


Radish, Raphanus 
sativus 


Glyphosate 
IPA 21 EC50 0.25 Survival 


Tomato, Solanum 
lycopersicum 


Glyphosate 
acid  
(96.6% purity) 


21 EC50 0.15 Dry weight 


Tomato, Solanum 
lycopersicum 


Glyphosate 
IPA 21 EC50 0.53 Dry weight 


Wheat, Triticum 
aestivum (winter) 


Glyphosate 
IPA 21 EC50 0.65 Dry weight 


Corn, Zea mays 
Glyphosate 
acid (96.6% 
purity) 


21 EC50 0.75 Dry weight 
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Species Name or 
Taxon (Latin) 


Formulation 
Type 


Study 
Duration 


(Day) 


Endpoint 
Type  


Toxicity 
Value (kg 


a.e./ha) 


Measurement 
Endpoint 


Corn, Zea mays Glyphosate 
IPA 21 EC50 0.64 Dry weight 


Glyphosate Formulation (Non-POEA) 


Okra, Abelmoshus 
esculentus 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.17 Dry weight 


Onion, Allium cepa 80 WDG, 75% 27 EC25 0.31 N/A 


Oat, Avena sativa 
Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.20 Dry weight 


Sugar beet, Beta 
vulgaris 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.18 Dry weight 


Sugar beet, Beta 
vulgaris 80 WDG, 75% 27 EC25 0.24 N/A 


Oilseed rape, 
Brassica napus 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.06 Dry weight 


Cucumber, Cucumis 
sativus 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.17 Dry weight 


Cucumber, Cucumis 
sativus 80 WDG, 75% 27 EC25 0.50 N/A 


Purple nutsedge, 
Cyperus rotundus 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.86 Dry weight 


Soybean, Glycine max 
Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.15 Dry weight 


Soybean, Glycine max 80 WDG, 75% 27 EC25 0.36 N/A 
Sunflower, 
Helianthus annuus 80 WDG, 75% 27 EC25 0.18 N/A 


Lettuce, Lactuca 
sativa 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.24 Dry weight 


Pea, Pisum sativum 80 WDG, 75% 27 EC25 1.00 N/A 


Radish, Raphanus 
sativus 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.47 Dry weight 


Radish, Raphanus 
sativus 80 WDG, 75% 27 EC25 0.10 N/A 


Sorghum, Sorghum 
bicolor 80 WDG, 75% 27 EC25 0.07 N/A 
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Species Name or 
Taxon (Latin) 


Formulation 
Type 


Study 
Duration 


(Day) 


Endpoint 
Type  


Toxicity 
Value (kg 


a.e./ha) 


Measurement 
Endpoint 


Wheat, Triticum 
aestivum 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.13 Dry weight 


Wheat, Triticum 
aestivum 80 WDG, 75% 27 EC25 0.25 N/A 


Corn, Zea mays 
Glyphosate 
acid wettable 
powder, 48.3% 


28 EC25 0.16 Dry weight 


Corn, Zea mays 80 WDG, 75% 27 EC25 0.39 N/A 
 


Okra, Abelmoshus 
esculentus 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 0.34 Dry weight 


Oat, Avena sativa 
Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 0.34 Dry weight 


Sugar beet, Beta 
vulgaris 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 0.40 Dry weight 


Oilseed rape, 
Brassica napus 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 0.16 Dry weight 


Cucumber, Cucumis 
sativus 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 0.40 Dry weight 


Purple nutsedge, 
Cyperus rotundus 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 1.30 Dry weight 


Soybean, Glycine max 
Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 0.35 Dry weight 


Lettuce, Lactuca 
sativa 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 0.40 Dry weight 


Radish, Raphanus 
sativus 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 1.10 Dry weight 


Wheat, Triticum 
aestivum 


Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 0.23 Dry weight 


Corn, Zea mays 
Glyphosate 
acid wettable 
powder, 48.3% 


28 EC50 0.28 Dry weight 
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Species Name or 
Taxon (Latin) 


Formulation 
Type 


Study 
Duration 


(Day) 


Endpoint 
Type  


Toxicity 
Value (kg 


a.e./ha) 


Measurement 
Endpoint 


English daisy, Bellis 
perennis Roundup bio® 21 EC50 0.014 Dry weight 


Cornflower, 
Centaurea cyanus Roundup bio® 21 EC50 0.029 Dry weight 


Elecampane, Inula 
helenium Roundup bio® 21 EC50 0.043 Dry weight 


Black-eyed Susan, 
Rudbeckia hirta Roundup bio® 21 EC50 0.025 Dry weight 


Canada Goldenrod, 
Solidago canadensis Roundup bio® 21 EC50 0.024 Dry weight 


Motherworth, 
Leonorus cardiaca Roundup bio® 21 EC50 0.036 Dry weight 


Spearmint, Mentha 
spicata Roundup bio® 21 EC50 0.018 Dry weight 


Catnip, Nepetea 
cataria Roundup bio® 21 EC50 0.040 Dry weight 


Heal-all, Prunella 
vulgaris Roundup bio® 21 EC50 0.028 Dry weight 


Wild buckwheat, 
Polygonum 
convolvulus 


Roundup bio® 21 EC50 0.016 Dry weight 


Curled dock, Rumex 
crispus Roundup bio® 21 EC50 0.028 Dry weight 


Scarlett pimpernel, 
Anagallis arvensis Roundup bio® 21 EC50 0.018 Dry weight 


Foxglove, Digitalis 
purpurea Roundup bio® 21 EC50 0.065 Dry weight 


Wild mustard, Sinapis 
arvensis Roundup bio® 21 EC50 0.019 Dry weight 


Common poppy, 
Papaver rhoeas Roundup bio® 21 EC50 0.019 Dry weight 


Glyphosate Formulation (With POEA) 


English daisy, Bellis 
perennis (NAW) 


Roundup 
original® or 
Vision® 


28 EC25 0.060 Biomass 
inhibition 


English daisy, Bellis 
perennis (UK) 


Roundup 
original® or 
Vision® 


28 EC25 0.067 Biomass 
inhibition 


English daisy, Bellis 
perennis (GER) 


Roundup 
original® or 
Vision® 


28 EC25 0.098 Biomass 
inhibition 
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Species Name or 
Taxon (Latin) 


Formulation 
Type 


Study 
Duration 


(Day) 


Endpoint 
Type  


Toxicity 
Value (kg 


a.e./ha) 


Measurement 
Endpoint 


Blue grama grass, 
Bouteloua gracilis 


Roundup 
original® or 
Vision® 


28 EC25 0.183 Biomass 
inhibition 


Broccoli, Brassica 
oleracea var. italica 


Roundup 
original® or 
Vision® 


28 EC25 0.043 Biomass 
inhibition 


Shepherd’s purse, 
Capsella bursa-
pastoris 


Roundup 
original® or 
Vision® 


28 EC25 0.135 Biomass 
inhibition 


Cornflower, 
Centaurea cyanus 
(NAW) 


Roundup 
original® or 
Vision® 


28 EC25 0.235 Biomass 
inhibition 


Cornflower, 
Centaurea cyanus 
(UK) 


Roundup 
original® or 
Vision® 


28 EC25 0.218 Biomass 
inhibition 


Cornflower, 
Centaurea cyanus 
(GER) 


Roundup 
original® or 
Vision® 


28 EC25 0.195 Biomass 
inhibition 


Mouse-eared 
chickweed, Cerastium 
fontanum 


Roundup 
original® or 
Vision® 


28 EC25 0.391 Biomass 
inhibition 


Ox-eye-daisy, 
Chrysanthemum 
leucanthemum 
(spring) 


Roundup 
original® or 
Vision® 


28 EC25 0.965 Biomass 
inhibition 


Ox-eye-daisy, 
Chrysanthemum 
leucanthemum (fall) 


Roundup 
original® or 
Vision® 


28 EC25 0.113 Biomass 
inhibition 


Ox-eye-daisy, 
Chrysanthemum 
leucanthemum 
(winter) 


Roundup 
original® or 
Vision® 


28 EC25 0.821 Biomass 
inhibition 


Ox-eye-daisy, 
Chrysanthemum 
leucanthemum 


Roundup 
original® or 
Vision® 


28 EC25 1.258 Biomass 
inhibition 


Foxglove, Digitalis 
purpurea (NAW) 


Roundup 
original® or 
Vision® 


28 EC25 0.156 Biomass 
inhibition 


Foxglove, Digitalis 
purpurea (NAE) 


Roundup 
original® or 
Vision® 


28 EC25 0.228 Biomass 
inhibition 


Foxglove, Digitalis 
purpurea (GER) 


Roundup 
original® or 
Vision® 


28 EC25 0.104 Biomass 
inhibition 
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Species Name or 
Taxon (Latin) 


Formulation 
Type 


Study 
Duration 


(Day) 


Endpoint 
Type  


Toxicity 
Value (kg 


a.e./ha) 


Measurement 
Endpoint 


Buckwheat, 
Fagopyrum 
esculentum 


Roundup 
original® or 
Vision® 


28 EC25 0.196 Biomass 
inhibition 


White avens, Geum 
canadense (spring) 


Roundup 
original® or 
Vision® 


28 EC25 0.450 Biomass 
inhibition 


White avens, Geum 
canadense (summer) 


Roundup 
original® or 
Vision® 


28 EC25 0.042 Biomass 
inhibition 


Sunflower, 
Helianthus annuus 
var. “Teddybear” 


Roundup 
original® or 
Vision® 


28 EC25 0.061 Biomass 
inhibition 


Elecampane, Inula 
helenium (NAW) 


Roundup 
original® or 
Vision® 


28 EC25 0.761 Biomass 
inhibition 


Elecampane, Inula 
helenium (NAE) 


Roundup 
original® or 
Vision® 


28 EC25 0.100 Biomass 
inhibition 


Lettuce, Lactuca 
sativa var. “Tom 
Thumb” (spring) 


Roundup 
original® or 
Vision® 


28 EC25 0.007 Biomass 
inhibition 


Lettuce, Lactuca 
sativa var. “Tom 
Thumb” (summer) 


Roundup 
original® or 
Vision® 


28 EC25 0.003 Biomass 
inhibition 


Lettuce, Lactuca 
sativa var. “Tom 
Thumb” (winter) 


Roundup 
original® or 
Vision® 


28 EC25 0.404 Biomass 
inhibition 


Lettuce, Lactuca 
sativa var. “Tom 
Thumb”  


Roundup 
original® or 
Vision® 


28 EC25 0.790 Biomass 
inhibition 


Perennial ryegrass, 
Lolium perenne 


Roundup 
original® or 
Vision® 


28 EC25 0.206 Biomass 
inhibition 


Water Hore-hound, 
Lycopus americanus 
(spring) 


Roundup 
original® or 
Vision® 


28 EC25 0.141 Biomass 
inhibition 


Water Hore-hound, 
Lycopus americanus 
(fall) 


Roundup 
original® or 
Vision® 


28 EC25 0.087 Biomass 
inhibition 


Water Hore-hound, 
Lycopus americanus 
(winter) 


Roundup 
original® or 
Vision® 


28 EC25 0.058 Biomass 
inhibition 
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Species Name or 
Taxon (Latin) 


Formulation 
Type 


Study 
Duration 


(Day) 


Endpoint 
Type  


Toxicity 
Value (kg 


a.e./ha) 


Measurement 
Endpoint 


Yellow sweet clover, 
Melilotus officinalis 


Roundup 
original® or 
Vision® 


28 EC25 0.118 Biomass 
inhibition 


Tobacco, Nicotiana 
rustica 


Roundup 
original® or 
Vision® 


28 EC25 0.114 Biomass 
inhibition 


Tioga-deer- tongue 
grass, Panicum 
clandestinum 


Roundup 
original® or 
Vision® 


28 EC25 0.178 Biomass 
inhibition 


Common poppy, 
Papaver rhoeas 


Roundup 
original® or 
Vision® 


28 EC25 0.129 Biomass 
inhibition 


Pokeweed, 
Phytolacca 
americana 


Roundup 
original® or 
Vision® 


28 EC25 0.157 Biomass 
inhibition 


Pennsylvania 
smartweed, 
Polygonum 
pensylvanicum 


Roundup 
original® or 
Vision® 


28 EC25 0.241 Biomass 
inhibition 


Heal-all, Prunella 
vulgaris (NAW) 


Roundup 
original® or 
Vision® 


28 EC25 0.215 Biomass 
inhibition 


Heal-all, Prunella 
vulgaris (UK) 


Roundup 
original® or 
Vision® 


28 EC25 0.066 Biomass 
inhibition 


Heal-all, Prunella 
vulgaris (GER) 


Roundup 
original® or 
Vision® 


28 EC25 0.204 Biomass 
inhibition 


Black-eyed Susan, 
Rudbeckia hirta 
(NAW) 


Roundup 
original® or 
Vision® 


28 EC25 1.299 Biomass 
inhibition 


Black-eyed Susan, 
Rudbeckia hirta 
(MID) 


Roundup 
original® or 
Vision® 


28 EC25 1.415 Biomass 
inhibition 


Black-eyed Susan, 
Rudbeckia hirta 
(NAE) 


Roundup 
original® or 
Vision® 


28 EC25 1.043 Biomass 
inhibition 


Black-eyed Susan, 
Rudbeckia hirta 
(GER) 


Roundup 
original® or 
Vision® 


28 EC25 0.842 Biomass 
inhibition 


Black-eyed Susan, 
Rudbeckia hirta 
(spring) 


Roundup 
original® or 
Vision® 


28 EC25 0.536 Biomass 
inhibition 
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Species Name or 
Taxon (Latin) 


Formulation 
Type 


Study 
Duration 


(Day) 


Endpoint 
Type  


Toxicity 
Value (kg 


a.e./ha) 


Measurement 
Endpoint 


Black-eyed Susan, 
Rudbeckia hirta (fall) 


Roundup 
original® or 
Vision® 


28 EC25 0.055 Biomass 
inhibition 


Curled dock, Rumex 
crispus (NAE) 


Roundup 
original® or 
Vision® 


28 EC25 0.364 Biomass 
inhibition 


Curled dock, Rumex 
crispus (PEN) 


Roundup 
original® or 
Vision® 


28 EC25 0.404 Biomass 
inhibition 


Curled dock, Rumex 
crispus (UK) 


Roundup 
original® or 
Vision® 


28 EC25 0.629 Biomass 
inhibition 


Climbing nightshade, 
Solanum dulcamara 


Roundup 
original® or 
Vision® 


28 EC25 0.090 Biomass 
inhibition 


Tomato, Solanum 
lycopersicum var. 
"Beefsteak" (summer) 


Roundup 
original® or 
Vision® 


28 EC25 0.033 Biomass 
inhibition 


Tomato, Solanum 
lycopersicum var. 
“Beefsteak” (winter) 


Roundup 
original® or 
Vision® 


28 EC25 0.004 Biomass 
inhibition 


Canada Goldenrod, 
Solidago canadensis 
(ON) 


Roundup 
original® or 
Vision® 


28 EC25 0.246 Biomass 
inhibition 


Canada Goldenrod, 
Solidago canadensis 
(GER) 


Roundup 
original® or 
Vision® 


28 EC25 0.178 Biomass 
inhibition 


Wheat, Triticum 
aestivum (spring) 


Roundup 
original® or 
Vision® 


28 EC25 2.136 Biomass 
inhibition 


Wheat, Triticum 
aestivum (winter) 


Roundup 
original® or 
Vision® 


28 EC25 2.136 Biomass 
inhibition 


Blue vervain,Verbena 
hastata 


Roundup 
original® or 
Vision® 


28 EC25 0.450 Biomass 
inhibition 


Tufted vetch, Vicia 
americana 


Roundup 
original® or 
Vision® 


28 EC25 0.304 Biomass 
inhibition 


a Ecotype: NAW = North America West; NAE = North America East; UK = United Kingdom; GER = Germany; 
ON = Ontario; MID = North America Middle; PEN = Pennsylvania 
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Table X.15 Effects of Single Exposure to a Glyphosate Formulation (Roundup 
Herbicide) on Two-Year-Old Green Ash, Fraxinus subintegerrima, Under 
Field Conditions (PMRA 1883054)  


Measurement Endpoint NOEC  
(kg a.e./ha) 


LOEC  
(kg a.e./ha) 


EC25  
(kg a.e./ha) 


EC50  
(kg a.e./ha) 


Budbreak 0.265 >0.265 0.461 (Day 15) 9.089 (Day 15) 


Cm of new growth 0.088 0.265 0.070 (Day 
257) 


0.536 (Day 
257) 


Malformed leaves 0.088 0.265 


0.252 (Day 
296) 


0.691 (Day 
367) 


0.624 (Day 
296) 


2.115 (Day 
367) 


Plants damaged 0.009 0.088 0.125 (Day 
367) 


0.293 (Day 
367) 


Plants with stunted 
terminals 


< 0.009 0.009 0.019 0.029 


 
Table X.16 Toxicity Effects of Glyphosate Technical, Glyphosate Formulations, the 


Transformation Products AMPA and the Formulant POEA to Aquatic 
Organisms 


Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Freshwater Invertebrate Acute Data 
Glyphosate Technical 
Daphnia magna Glyphosate acid 24 hr LC50 129.4 Immobilization 


Daphnia magna Glyphosate 
technical 98.9% 24 hr EC50 123.6 Immobilization 


Daphnia magna Glyphosate acid 
97.3% a.e. 24 hr EC50 840 Immobilization 


Daphnia magna Glyphosate 24 hr EC50 234 Immobilization 
Daphnia magna 
(juvenile) 


40% glyphosate 
IPA 48 hr EC50 1 Immobilization 


Daphnia magna 
(juvenile) 


40% glyphosate 
IPA 48 hr EC50 5.3 Immobilization 


Daphnia magna 
(adult) 


40% glyphosate 
IPA 48 hr EC50 16.3 Immobilization 


Daphnia magna Glyphosate 
technical 48 hr EC50 84 Immobilization 


Daphnia magna Glyphosate acid 
83% a.e. 48 hr EC50 760 Immobilization 


Daphnia magna Glyphosate 48 hr EC50 1900 Immobilization 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Chironomus 
plumosus 


Glyhosate acid, 
96.7% 48 hr EC50 53.2 Mortality 


Ceriodaphnia 
dubia Glyphosate acid  48 hr EC50 147 Mortality 


Ceriodaphnia 
dubia 


Glyphosate IPA 
salt 48 hr EC50 415  Mortality 


Lampsilis 
siliquoidea 
(larvae) 


Glyphosate 
(technical grade) 48 hr EC50 > 200 


Survival (shell 
closure 


response) 
Lampsilis 
siliquoidea 
(Juvenile) 


Glyphosate 
(technical grade) 96 hr EC50 > 200 


Mortality (based 
on foot 


movement) 
Lampsilis 
siliquoidea 
(larvae) 


Glyphosate IPA 
(technical grade) 48 hr EC50 5 


Survival (shell 
closure 


response) 
Lampsilis 
siliquoidea 
(Juvenile) 


Glyphosate IPA 
(technical grade) 96 hr EC50 7.2 


Mortality (based 
on foot 


movement) 


Daphnia magna 
Glyphos Bio 
CHA 4521 
(30.9% ae) 


48 hr 
 


LC50 309 Immobilization 


Daphnia magna Glyphos Bio 
CHA 4525 48 hr 


 


LC50 377 Immobilization 


Daphnia magna 


Glyphosate IPA, 
10 % with 
surfactant 
Geronol CF/AR 


48 hr 


 
 


LC50 810 Immobilization 


Daphnia magna 


Glyphosate IPA, 
35% with 
surfactant 
Geronol CF/AR 


48 hr 


 
 


LC50 610 Immobilization 


Daphnia magna 


Glyphosate IPA, 
36%, with 
surfactant 
Geronol CF/AR 


48 hr 


 
 


LC50 220 Immobilization 


Daphnia magna 


Glyphosate IPA, 
45% with 
surfactant 
Geronol CF/AR 


48 hr 


 
 


LC50 365 Immobilization 


Daphnia magna 
Glyphosate IPA, 
46% 
(MON77945 


48 hr 
 


LC50 833 Immobilization 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Daphnia magna 
Glyphosate IPA, 
62.4%, no 
surfactant 


48 hr LC50 401.3 Immobilization 


Daphnia magna 
Glyphosate IPA 
(X-77 
surfactant) 


48 hr EC50 > 39 Immobilization 


Daphnia magna 


Glyphosate 
(80WDG 
formulation), 
80% 


48 hr 


 
 


LC50 > 17.6 Immobilization 


Daphnia magna 


Glyphosate IPA, 
35% (Roundup 
Biactive), 
Rhone-Poulenc 
surfactant 


48 hr 


 
 


LC50 150 Immobilization 


Daphnia magna 


Glyphosate, 
41.2% 
(Roundup –
MON 2139 NF-
80-AA) 


48 hr 


 
 


LC50 94.5 Immobilization 


Daphnia magna RON-DO  
(48% IPA) 48 hr 


 


LC50 46 Immobilization 


Daphnia 
spinulata 


RON-DO  
(48% IPA ) 48 hr 


 


LC50 49 Immobilization 


Hyalella azteca Rodeo 48 hr 
 


LC50 225 Mortality 
Chironomus 
plumosus 


Rodeo  
(53.5% a.i.) 48 hr 


 


LC50 650 Mortality 


Ceriodaphnia 
dubia Rodeo  48 hr 


 


LC50 415 Mortality 


Ceriodaphnia 
dubia 


Roundup 
Biactive 48 hr EC50 81.5 Mortality 


Ceriodaphnia 
dubia 


Roundup 
Biactive 48 hr EC50 35.4 Mortality 


Ceriodaphnia 
dubia  Accord  48 hr LC50 > 7.33 Mortality 


Hyalella azteca Roundup 
Biactive 96 hr LC50 120 Mortality 


Hyalella azteca Rodeo  
(53.5% a.i.) 96 hr LC50 385 Mortality 


Nephelopsis 
obscura (leech) 


Rodeo  
(53.5% a.i.) 96hr LC50 630 Mortality 
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Toxicity 
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a.e./L)* 


Measurement 
Endpoint 


Lampsilis 
siliquoidea 
(Larvae) 


Aqua Star® 48 hr LC50 > 148 Mortality 


Lampsilis 
siliquoidea 
(Juvenile) 


Aqua Star® 96 hr LC50 > 148 Mortality 


Glyphosate Formulation (With-POEA) 


Gammarus 
pseudolimnaeus 


Glyphosate IPA, 
30.3% 
(Roundup) 


96 hr LC50 31.8 Mortality 


Gammarus 
pseudolimnaeus 


Roundup 
(31.0%) 48 hr LC50 13 Mortality 


Daphnia magna Roundup® 
MON 2139 24 hr LC50 8.5 Immobilization 


Daphnia magna Glyphosate 360 24 hr LC50 11.6 Immobilization 


Daphnia magna Roundup® 
MON 2139 48 hr LC50 1.9 Immobilization 


Daphnia magna Glyphosate 360 48 hr LC50 7.8 Immobilization 


Daphnia magna Roundup® 
(MON 2139) 48 hr EC50 1.1 Immobilization 


Daphnia magna 


Glyphosate IPA 
(MON 77360), 
30% a.i. 
(Roundup Ultra) 


48 hr EC50 3.2 Immobilization 


Daphnia magna Roundup 
41.36% 48 hr LC50 5.3 Immobilization 


Daphnia magna Glyphosate IPA 
(MON65005) 48 hr EC50 2.7 Parent mortality 


Daphnia magna 
Roundup  
(18% 
glyphosate) 


48 hr LC50 2.7 Mortality 


Daphnia magna Roundup (18% 
glyphosate) 48 hr LC50 7.8 Mortality 


Daphnia magna 
(adult) 


Roundup (18% 
glyphosate) 48 hr LC50 22.9 Mortality 


Chironomus 
plumosus 


Roundup, 
30.3%, with 
POEA 


48 hr LC50 13.3 Mortality 


Daphnia pulex 
Glyphosate IPA 
(Roundup),  
30.3 % 


48 hr LC50 5.8 Immobilization 


Daphnia pulex 
(unknown age) 


Roundup® 
MON 2139 48hr LC50 67.8 Immobilization 
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Formulation 
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Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Daphnia pulex 
Glyphosate IPA, 
48% (MON 
2139) 


48 hr LC50 68.3 Immobilization 


Ceriodaphnia 
dubia  


Accord SP + 
POEA  48 hr LC50 > 5.5 Mortality 


Ceriodaphnia 
dubia 


Roundup 
(Monsanto) 48 hr EC50 5.7 Mortality 


Ceriodaphnia 
dubia 


Roundup,  
41% IPA salt 48 hr LC50 5.39 Mortality 


Ceriodaphnia 
dubia Roundup 48 hr LC50 7 


Mortality in 
porewater, 0% 


TOC 
Crayfish, 
Orconectes nais Roundup 30.3% 48 hr LC50 5.2 Mortality 


Hyalella azteca Roundup 
(Monsanto) 48 hr LC50 1.5 Mortality 


Crawfish, 
Procambarus 
cspp 


Roundup 
(35.6% acid 
equivalent) 


48 hr LC50 7701.3 Mortality 


Lampsilis 
siliquoidea 
(Larvae) 


Roundup® 48 hr EC50 2.9 Mortality based 
on Shell closure 


Lampsilis 
siliquoidea 
(Juvenile) 


Roundup® 96 hr EC50 5.9 
Mortality based 


on Foot 
movement 


Horsehair worms 
(nematode) 
Chordodes nobilii 


Glyphosate acid 
and Roundup-
like formulation 
(NOS) 


96 hr EC50 1.76 Mortality 


POEA Alone 
Daphnia pulex MON 0818 48 hr EC50 2 Mortality  


Daphnia magna MON 0818 48 hr EC50 2.9 
Mortality based 


on 
immobilization 


Daphnia magna 


POEA with 
oxide: 
tallowamine 
ratio of 5:1 


48 hr EC50 0.176 
Mortality based 


on 
immobilization 


Daphnia magna 


POEA with 
oxide: 
tallowamine 
ratio of 10:1 


48 hr  EC50 0.097 
Mortality based 


on 
immobilization 
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Toxicity 
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(mg 


a.e./L)* 


Measurement 
Endpoint 


Daphnia magna 


POEA with 
oxide: 
tallowamine 
ratio of 15:1 


48 hr 


 
 


EC50 0.849 
Mortality based 


on 
immobilization 


C. plumosus MON 0818 48 hr EC50 13 Immobilization 
Ceriodaphnia 
dubia  


Entry II ® 
(POEA alone )  48 hr 


 


EC50 0.42 Mortality 


Ceriodaphnia 
dubia MON 0818 48 hr 


 


EC50 1.15 Mortality based 
on animal count 


Fairy shrimp  
(T. platyurus) 


POEA with 
oxide: 
tallowamine 
ratio of 5:1  


48 hr 


 
 


EC50 0.00517 Mortality 


Fairy shrimp  
(T. platyurus) 


POEA with 
oxide: 
tallowamine 
ratio of 10:1 


48 hr 


 
 


EC50 0.0027 Mortality 


Fairy shrimp 
(T. platyurus) 


POEA with 
oxide: 
tallowamine 
ratio of 15:1 


48 hr 


 
 


EC50 0.00201 Mortality 


 Lampsilis 
siliquoidea 
(Larvae) 


MON 0818 48 hr 
 


EC50 0.5 
Survival (shell 


closure 
response) 


 Lampsilis 
siliquoidea 
(Juvenile) 


MON 0818 96 hr 
 


EC50 3.8 
Mortality (based 


on foot 
movement) 


AMPA 
Daphnia magna AMPA 48 hr LC50 153 Immobilization 
Daphnia magna AMPA 48 hr LC50 651.2 Immobilization 
Daphnia magna AMPA, 94.38% 96 hr LC50 683 Immobilization 
Freshwater Invertebrate Chronic Data 
Glyphosate Technical 


Daphnia magna Glyphosate acid 
97.6% a.e. 21-d EC50 101 immobilization 


Daphnia magna Glyphosate acid 
97.6% a.e. 21-d NOEC 51 immobilization 


Daphnia magna Glyphosate acid 
98.7% a.e. 21-d NOEC 29.6 Reproduction 


Daphnia magna Glyphosate acid 
99.7% a.e. 21-d NOEC 50 Reproduction 


Daphnia magna 40% glyphosate 
(IPA salt) 55-d NOEC 1 survival 
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Formulation 
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Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Daphnia magna 40% glyphosate 
(IPA salt) 55-d NOEC 0.33  fecundity 


Lampsilis 
siliquoidea 
(Juvenile) 


Glyphosate 
(Technical 
grade) 


21-d 
 


EC50 > 200 Survival (shell 
length) 


Lampsilis 
siliquoidea 
(Juvenile) 


Glyphosate IPA 
(technical grade) 28-d 


 
EC50 4.8 Survival (shell 


length) 


Glyphosate Formulation (With POEA) 
Daphnia magna Glyphosate 360 21-d NOEC 0.54 Reproduction 


Daphnia magna Roundup (18% 
glyphosate) 55-d NOEC 0.11 fecundity 


Daphnia magna Roundup (18% 
glyphosate) 55-d NOEC 0.33 abortion rate 


Lampsilis 
siliquoidea 
(Juvenile) 


Roundup® 28-d 
 


EC50 3.7 Survival (shell 
length) 


Glyphosate Formulation (Non-POEA) 
Lampsilis 
siliquoidea 
(Juvenile) 


Aqua Star® 28-d 
 


EC50 43.8 Survival (shell 
length) 


POEA Alone 
Lampsilis 
siliquoidea 
(Juvenile) 


MON0818 28-d 
 


EC50 1.7 Survival (shell 
length) 


Freshwater Fish Acute Data 
Glyphosate Technical 
Fathead minnow 
(Pimephales 
promelas) 


Glyphosate 
technical  24 hr LC50 >84.4 Mortality 


Fathead minnow 
(Pimephales 
promelas) 


Technical grade  96 hr LC50 97 Mortality 


Fathead minnow 
(Pimephales 
promelas) 


Glyphosate 
87.3% 24 hr LC50 84.9 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 
(95.6%) 
corrected 


96 hr LC50 124.8 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 83% 96 hr LC50 71.4 Mortality 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate IPA  96 hr LC50 > 461.8 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate tech 
96.7% 96 hr LC50 130 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


CP-67573 96 hr LC50 38 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 360 
technical (acid; 
98.9%) 


96 hr LC50 95 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 360 
technical, (acid; 
98.9%) 


96 hr LC50 171 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 
technical  96 hr LC50 140 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 
technical  96 hr LC50 240 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 
technical  96 hr LC50 22 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 
technical  96 hr LC50 10 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 
technical  96 hr LC50 99 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 
technical  96 hr LC50 93 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 
technical  96 hr LC50 197 Mortality 


Carp (Cyprinus 
carpio) 


Glyphosate 
Technical grade 96 hr LC50 80 Mortality 


Carp (Cyprinus 
carpio) 


Glyphosate acid 
97.6%  96 hr LC50 115 Mortality 


Carp (Cyprinus 
carpio) Glyphosate 96 hr LC50 620 Mortality 
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Endpoint 


Harlequin Fish 
(Rasbora 
heteromorpha) 


CP 67573 96 hr LC50 168 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate acid 
(95.6% a.e.) corr 96 hr LC50 45 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 360 
(95.6% a.e.) 96 hr LC50 133.3 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 360 
(95.6% a.e.) 96 hr LC50 200 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate acid 
(98.9% a.e). 96 hr LC50 78 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


CP 67573 
(96.7%) 96 hr LC50 >24 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 
technical  96 hr LC50 140 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 
technical  96 hr LC50 220 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate tech 
96.7% 96 hr LC50 135 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


R-50224 96 hr LC50 2048 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


R-50224 96 hr LC50 >1000 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 
technical (83%) 96 hr LC50 99.6 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate acid 
(95.6%) 96 hr LC50 44 Mortality 


Channel catfish 
(Ictalurus 
punctatus) 


Technical grade  96 hr LC50 130 Mortality 
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Japanese medaka 
(Oryzias latipes) 


Glyphosate 
(>99.3%) 96 hr LC50 > 160 Mortality 


Glyphosate Formulation (Non-POEA) 


Rainbow trout 
(Oncorhynchus 
mykiss) 


CHA4521 
Glyfos BIO 
Herbicide 
(30.9% corr) 


96 hr LC50 > 309 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Rodeo® + X‐77 
corrected 96 hr LC50 96.2 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


CHA4521 
Glyfos BIO 450 
(IPA 37.7%) 


96 hr LC50 377 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Rodeo® IPA 
salt corrected 96 hr LC50 429.2 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Rodeo/X-77 
(surfactant) 
40.5% 


96 hr LC50 134 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate IPA 
salt (46%) 
MON77945  


96 hr LC50 > 449 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate IPA 
salt (10%) + 
Geronol CF/AR  


96 hr LC50 > 450 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate IPA 
salt (36%) + 
Geronol  


96 hr LC50 > 360 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate IPA 
salt (45%) + 
Geronol  


96 hr LC50 > 450 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate IPA 
(62.4% a.i) 96 hr LC50 > 461.8 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate IPA 
(62.4% a.i) 96 hr LC50 32.4 Mortality 


Guaru (P. 
caudimaculatus) Rodeo  96 hr LC50 > 975 Mortality 


Guaru (P. 
caudimaculatus) 


Rodeo + 0,5% 
Aterbane  96 hr LC50 > 975 Mortality 


Guaru (P. 
caudimaculatus) 


Rodeo + 1% 
Aterbane  96 hr LC50 > 975 Mortality 
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Glyphosate Formulation (With POEA) 
Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 77360  96 hr LC50 1.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 58121  96 hr LC50 0.16 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 360 
(36% a.e.) 
corrected 


96 hr LC50 6.7 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 17.3 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 5.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 1.2 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 1 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 1 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup 31% 
a.i.  96 hr LC50 2.5 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 14.4 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 13.7 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 7.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 1.3 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 8.3 Mortality 
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Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 14 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 7.5 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 7.4 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 7.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 1.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 1.4 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 1.4 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 9 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 7.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 7.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 7.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 41% 96 hr LC50 3.4 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 96 hr LC50 5.5 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 96 hr LC50 8.1 Mortality 
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Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 96 hr LC50 8.9 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
(Vision®)  96 hr LC50 5.5 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
(Vision®)  96 hr LC50 4.3 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
(Vision®)  96 hr LC50 10 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Roundup® 
(Vision®)  96 hr LC50 4.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Vision® 10% 
MON 0818 
surfactant 


96 hr LC50 22.9 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


Vision®  96hr LC50 10.42 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 2139 
(Roundup) 41% 96 hr LC50 2.5 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 65005  96 hr LC50 2.5 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 78568  96 hr LC50 1.9 Mortality 


Rainbow trout 
Fry 
(Oncorhynchus 
mykiss) 


Roundup® 36% 96 hr LC50 5.5 Mortality 


Rainbow trout 
Fry 
(Oncorhynchus 
mykiss) 


Roundup® 96 hr LC50 8 Mortality 


Rainbow trout 
Fry 
(Oncorhynchus 
mykiss) 


Roundup® 36% 96 hr LC50 9.24 Mortality 
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Rainbow trout 
Fry 
(Oncorhynchus 
mykiss) 


Roundup® 96 hr LC50 7.8 Mortality 


Rainbow trout 
Fry 
(Oncorhynchus 
mykiss) 


Roundup® 96 hr LC50 8.5 Mortality 


Rainbow trout 
sac Fry 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 2.5 Mortality 


Rainbow trout 
swim-up Fry 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 1.2 Mortality 


Rainbow trout 
fingerling 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 0.96 Mortality 


Rainbow trout 
fingerling 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 6.1 Mortality 


Rainbow trout 
eggs 
(Oncorhynchus 
mykiss) 


Roundup® 
MON 2139 96 hr LC50 11.8 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Roundup® 96 hr LC50 4.3 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Roundup® 96 hr LC50 1.8 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Roundup® 
MON 2139 
(36%) 


96 hr LC50 1.8 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Roundup® 
MON 2139 
(36%) pH 6.5 


96 hr LC50 3.1 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Roundup® 
MON 2139 
(36%) pH 7.5 


96 hr LC50 1.8 Mortality 
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Bluegill sunfish 
(Lepomis 
macrochirus) 


Roundup® 
MON 2139 
(36%) pH 8.5 


96 hr LC50 1.8 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Roundup® 
MON 2139 
(36%) pH 9.5 


96 hr LC50 1.3 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 360 
(36% corrected) 96 hr LC50 4.3 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


MON 2139 96 hr LC50 1.8 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


MON 2139 96 hr LC50 1.8 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


MON 2139 96 hr LC50 1.3 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 41% 96 hr LC50 5.6 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 41% 96 hr LC50 7.5 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 41% 96 hr LC50 4.5 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 41% 96 hr LC50 4 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 41% 96 hr LC50 4.2 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 41% 96 hr LC50 2.4 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 41% 96 hr LC50 2.4 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Glyphosate 41% 96 hr LC50 1.8 Mortality 
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Toxicity 
Value 
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a.e./L)* 


Measurement 
Endpoint 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Roundup® 
MON 2139 96 hr LC50 8.6 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


MON 77360 
(Roundup Ultra) 96 hr LC50 2.24 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


MON 65005 
(Roundup Pro) 96 hr LC50 2.4 Mortality 


Fathead minnow 
(P. promelas) 


Roundup® 
MON 2139 96 hr LC50 1.7 Mortality 


Fathead minnow 
(P. promelas) 


Roundup® 
41.36% 
glyphosate 


96 hr LC50 3.9 Mortality 


Channel catfish 
(Ictalurus 
punctatus) 


Roundup®  96 hr LC50 9.6 Mortality 


Channel catfish 
(Ictalurus 
punctatus) 


Roundup® 
MON 2139 96 hr LC50 5.2 Mortality 


Channel catfish 
(Ictalurus 
punctatus) 


Glyphosate 41% 96 hr LC50 4.9 Mortality 


Channel catfish 
fingerlings 
(Ictalurus 
punctatus) 


Roundup® 
MON 2139 96 hr LC50 9.6 Mortality 


Channel catfish 
sac fry (Ictalurus 
punctatus) 


Roundup® 
MON 2139 96 hr LC50 3.2 Mortality 


Channel catfish 
swim-up fry 
(Ictalurus 
punctatus) 


Roundup® 
MON 2139 96 hr LC50 2.4 Mortality 


Prochilodus 
lineatus 
(juvenile) 


Roundup (41% 
a.i.) 96 hr LC50 5.61 Mortality 


Ten spotted live-
bearer, C. 
decemmaculatus 


Panzer (48%), 
IPA salt + 
POEA    


96 hr LC50 5.6 Mortality 


Ten spotted live-
bearer, C. 
decemmaculatus 


Credit (48%), 
IPA salt + 
POEA    


96 hr LC50 32.6 Mortality 
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Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Channa 
punctatus 


Roundup flash 
formulation 
(41%) 


96 hr LC50 13.34 Mortality 


Jenynsia 
multidentata 


Roundup Max + 
POEA  96 hr LC50 14.2 Mortality 


Lee Koh 
(Cyprinus carpio) Roundup 30.5% 96 hr LC50 3.1 Mortality 


Tilapia 
(Oreochromis 
niloticus) 


Roundup 30.5% 96 hr LC50 3.1 Mortality 


Sturgeaon,  
Huso huso  


Roundup  
(41% a.e./L) 96 hr LC50 19.3 Mortality 


Sturgeaon, 
Acipenser 
stellatus 


Roundup  
(41% a.e./L) 96 hr LC50 24.7 Mortality 


Sturgeaon,  
A. persicus 


Roundup  
(41% a.e/L) 96 hr LC50 26.1 Mortality 


POEA Alone 
Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 0818  96 hr LC50 2 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 0818  96 hr LC50 2.5 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 0818  96 hr LC50 1.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 0818  96 hr LC50 2.6 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 0818  96 hr LC50 1.7 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 0818  
pH 6.5 96 hr LC50 7.4 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


MON 0818  
pH 9.5 96 hr LC50 0.65 Mortality 


Rainbow trout fry 
(Oncorhynchus 
mykiss) 


MON 0818  96 hr LC50 3.2 Mortality 
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Formulation 
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Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Fathead minnow 
(P. promelas) MON 0818  96 hr LC50 1  Mortality 


Fathead minnow 
(P. promelas) Entry® II  96 hr LC50 > 0.44 Mortality 


Channel catfish 
(Ictalurus 
punctatus) 


MON 0818  96 hr LC50 13 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


MON 0818  96 hr LC50 3 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


MON 0818  
pH 6.5 96 hr LC50 1.3 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


MON 0818  
pH 9.5 96 hr LC50 1 Mortality 


Bluegill sunfish 
(Lepomis 
macrochirus) 


Entry® II  96 hr LC50 4.2 Mortality 


AMPA 
Rainbow trout 
(Oncorhynchus 
mykiss) 


AMPA 48 hr LC50 > 180 Mortality 


Rainbow trout 
(Oncorhynchus 
mykiss) 


AMPA  
(purity 94.4%)  96 hr LC50 491 Mortality 


Freshwater Fish Chronic Data 
Glyphosate Technical 
Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 
technical acid 
98.9 % a.e. 


21-d NOEC 150 
Highest 


concentration 
tested 


Fathead minnow 
(P. promelas) 


Acid, technical 
grade  255-d NOEC 25.7 


Highest 
concentration 


tested 
Glyphosate Formulation (With POEA) 
Rainbow trout 
(Oncorhynchus 
mykiss) 


Glyphosate 360 21-d NOEC 0.81 Sub-lethal 
effects 


Galaxias 
anomalus 


Glyphosate 360 
(360 mg a.i./L, 
10 – 20% 
POEA) 


26-d NOEC 0.36 Survival 
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Toxicity 
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a.e./L)* 


Measurement 
Endpoint 


Fresh Water Algae Acute Data 
Glyphosate Technical 


S. capricornutum  Glyphosate acid 
95.6% a.e. 120 hr EC50 13 Cell density 


S. capricornutum Glyphosate acid 
95.6% a.e. 120 hr 


 


EC50 16 Biomass 


S. capricornutum  Glyphosate acid, 
95% (corrected) 48 hr 


 


EC50 256.5 Growth 


S. capricornutum  Glyphosate acid 
96.6% a.e. 7-d 


 


EC50 13.8 Growth 


S. capricornutum  Glyphosate IPA 
acid 96 hr 


 


EC50 24.7 Growth 


S. capricornutum  Glyphosate IPA 
salt  96 hr 


 


EC50 41 Growth 


S. capricornutum  Glyphosate acid 
95.6% a.e. 120 hr 


 


EC50 21 Growth 


A. flos-aquae Glyphosate acid 
95.6% a.e. 120 hr 


 


EC50 18 Cell density 


A. flos-aquae Glyphosate acid 
95.6% a.e. 120 hr 


 


EC50 15 Biomass 


A. flos-aquae Glyphosate acid 
95.6% a.e. 120 hr 


 


EC50 38 Growth 


A. flos-aquae 


Glyphosate 
technical 
(96.6%) 
corrected 


7-d LC50 4.3 Growth 


N. pelliculosa Glyphosate acid 
95.6% a.e. 120 hr 


 


EC50 17 Biomass 


N. pelliculosa Glyphosate acid 
96.6% a.e. 7-d 


 


EC50 24.9 inhibition 


Freshwater 
periphyton in 
shade  


Glyphosate IPA 
(corrected) 6 hr 


 
EC50 8.7 photosynthetic 


efficicency 


Freshwater 
periphyton in 
shade  


Glyphosate IPA 
(corrected) 6 hr 


 
EC50 26.3 photosynthetic 


efficicency 


C. vulgaris Glyphosate acid, 
95% 96 hr 


 


EC50 4.7 Growth 


C. vulgaris Glyphosate acid, 
97.5% 72 hr 


 


EC50 41.7 Growth 


C. saccharophila Glyphosate acid, 
97.5% 72 hr 


 


EC50 40.6 Growth 


S. subspicatus Glyphosate acid 72 hr EC50 26 Growth 
  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 181 


2329Appeal Book, Tab 29







Appendix X 


Species Name or 
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Formulation 
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Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


97.5% 


S. subspicatus Glyphosate acid 
98.8% a.i. 72 hr 


 


EC50 326.9 Growth 


C. pyrenoidosa Glyphosate 
(technical 95%) 96 hr 


 


EC50 3.53 Growth 


C. pyrenoidosa Glyphosate acid, 
96.7% 96 hr 


 


EC50 590 Growth 


C. hypnosporum Glyphosate acid, 
96.7% 96 hr 


 


EC50 68 Growth 


Z. clindricum Glyphosate acid, 
96.7% 96 hr 


 


EC50 88 Growth 


S. obliquus Glyphosate acid, 
95% 96 hr 


 


EC50 55.85 Growth 


S. acutus Glyphosate IPA, 
99.5% 96 hr 


 


EC50 10.2 Growth 


S. acutus Glyphosate acid, 
97.5% 96 hr 


 


EC50 24.5 Growth 


S. quadricauda Glyphosate IPA 
salt (99.5%) 96 hr 


 


EC50 7.2 Growth 


C. fusa Glyphosate IPA  24 hr EC50 280 Growth 
Glyphosate Formulation (Non-POEA) 


S. capricornutum  


CHA 4520 
Glyphos Bio 
(31.3% 
corrected) 


72 hr EbC50 51 Biomass 


S. capricornutum  


CHA 4520 
Glyphos Bio 
(31.3% 
corrected) 


72 hr ErC50 100.2 Growth rate 


S. capricornutum  


CHA 4521 
Glyphos Bio 
(30.9% 
corrected) 


72 hr EbC50 58.4 Biomass 


S. capricornutum  


CHA 4521 
Glyphos Bio 
(30.9% 
corrected) 


72 hr ErC50 77.9 Growth 


S. capricornutum  
CHA 45EXT 
(31.3% 
corrected) 


72 hr EbC50 24.1 Biomass 


S. capricornutum  
CHA 45EXT 
(31.3% 
corrected) 


72 hr ErC50 42.6 Growth 
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Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


S. capricornutum  Glyphosate IPA 
salt, 36% + 
Geronol CF/AR 


72 hr EC50 97 NR 


S. capricornutum  72 hr EC50 39 NR 


S. capricornutum  CHA 4525 
Glyphos Bio 
450 (37.7%) 


96 hr EbC50 24.8 biomass 


S. capricornutum  96 hr ErC50 130.1 growth 


Ankistrodesmus 
sp. 


Rodeo (no 
surfactant) 96 hr EC50 29 NR 


N. pelliculosa Glyfos B 31%  96 hr EC50 0.12 NR 
Glyphosate Formulation (With POEA) 


S. capricornutum  Roundup, 360 
g/L 48 hr EC50 19 Growth 


S. capricornutum  Glyphosate 360 
g/L 72 hr EC50 34 Cell density 


S. capricornutum  Glyphosate 360 
g/L 72 hr EC50 38 Biomass 


S. capricornutum  Glyphosate 360 
g/L 72 hr EC50 87 Growth 


S. capricornutum  MON 78568,  72 hr EC50 11.2 NR 


S. capricornutum  Roundup, 41% 
IPA salt 96 hr IC50 5.81 Growth 


inhibition 


S. capricornutum  Glyphos IPA 
(31%) 96 hr LC50 0.68 NR 


S. quadricauda Ron-do, 48% 
IPA  96 hr LC50 9.09 NR 


Chlorella kessleri 


ATANOR (48% 
glyphosate IPA; 
surfactant: 50% 
IMPACTO 


96 hr EC50 19.7 Growth 


POEA Alone 


S. capricornutum  POEA 96 hr IC50 3.92 Growth 
inhibition 


S. capricornutum  POEA 96 hr EC50 4.1 NR 
N. pelliculosa POEA 96 hr EC50 3.35 NR 
AMPA 
Scenedesmus 
subspicatus AMPA 120 hr EC50 74 Cell density 


Scenedesmus 
subspicatus AMPA 120 hr EC50 89.8 Biomass 


Scenedesmus 
subspicatus AMPA 120 hr EC50 440 Growth 
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Freshwater Algae Chronic Data 
Glyphosate Technical 
Chlorella 
vulgaris Glyphosate 21-d EC50 292.3 Growth 


 Spirulina 
plastensis Glyphosate 21-d EC50 >169 Growth 


Arthrospira 
fusiformis Glyphosate 21-d EC50 >169 Growth 


Nostoc 
punctiforme  Glyphosate 21-d EC50 598.4 Growth 


Anabaena 
catenula  Glyphosate 21-d EC50 256.5 Growth 


Synechocystis 
aquatilis  Glyphosate 21-d EC50 164.9 Growth 


Microcystis 
eruginosa  Glyphosate 21-d EC50 251.4 Growth 


Leptolynbya 
boryana  Glyphosate 21-d EC50 246.6 Growth 


Glyphosate Formulation (With POEA) 
Chlorella 
vulgaris  


Roundup 360 
SL (23%) 21-d EC50 27.1 Growth 


 Spirulina 
plastensis 


Roundup 360 
SL (23%) 21-d EC50 7.6 Growth 


Arthrospira 
fusiformis 


Roundup 360 
SL (23%) 21-d EC50 6.5 Growth 


Nostoc 
punctiforme  


Roundup 360 
SL (23%) 21-d EC50 9.7 Growth 


Anabaena 
catenula  


Roundup 360 
SL (23%) 21-d EC50 0.7 Growth 


Synechocystis 
aquatilis  


Roundup 360 
SL (23%) 21-d EC50 20.7 Growth 


Microcystis 
eruginosa  


Roundup 360 
SL (23%) 21-d EC50 1.5 Growth 


Leptolynbya 
boryana  


Roundup 360 
SL (23%) 21-d EC50 0.9 Growth 


       
Freshwater Plants Acute Data 
Glyphosate Technical 


L. gibba Glyphosate acid, 
95%  10-d EC50 20.5 NR 


L. gibba Glyphosate acid 
95.6% a.e. 14-d EC50 12 Fronds 


  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 184 


2332Appeal Book, Tab 29







Appendix X 


Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
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L. gibba Glyphosate acid 
95.6% a.e. 14-d 


 


EC50 16 Dry wt 


L. gibba Glyphosate acid 
95.6% a.e. 14-d 


 


EC50 30.7 Growth 


L. gibba Glyphosate acid 
95.6% a.e. 14-d 


 


EC50 31.9 Biomass 


L. gibba Glyphosate acid, 
96.8% 7-d 


 


EC50 23.2 Biomass 


L. Minor Glyphosate acid, 
95% 7-d 


 


EC50 46.9 NR 


L. paucicostata Glyphosate, IPA 7-d EC50 31 NR 
Glyphosate Formulation (Non-POEA) 


L. gibba 
Glyphos 
(Glyphosate IPA 
salt, 31%) 


7-d EC50 7.7 NR 


Glyphosate Formulation (With POEA) 


L. gibba Roundup Max, 
70.7% a.e. 10-d 


 


EC50 11.6 Growth 


L. Minor Roundup 48 hr EC50 > 16.91 NR 


L. Minor Roundup  
360 g/L 7-d 


 


EC50 3.36 Growth 


L. Minor Roundup 14-d EC50 2 Growth 


L. Minor MON 2139 7-d ErC50 > 1.824 Growth 
inhibition 


Pontederia 
cordata 


MON 78087 
(31.2%) 21-d 


 


EC50 0.0488 Fresh shoot 
biomass 


Carex comosa MON 78087 
(31.2%) 21-d 


 


EC50 0.0625 Fresh shoot 
biomass 


Nymphea odorata MON 78087 
(31.2%) 21-d 


 


EC50 0.0475 Fresh biomass 


Amphibians Acute Data  
Glyphosate Technical 
Crinia insignifera Glyphosate acid  48 hr LC50 83.6 Mortality 


Crinia insignifera Glyphosate acid, 
96% 96 hr 


 


LC50 75 Mortality 


Crinia insignifera Glyphosate IPA 
salt 48 hr 


 


LC50 > 466 Mortality 


Crinia insignifera Glyphosate acid, 
96% 96 hr 


 


LC50 103.2 Mortality 


Heleioporus eyrei Glyphosate IPA 
salt 48 hr 


 


LC50 > 373 Mortality 


Limnodynastes 
dorsalis 


Glyphosate IPA 
salt 48 hr 


 


LC50 > 400 Mortality 
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Litoria moorei Glyphosate acid 48 hr LC50 81.2 Mortality 
Litoria moorei Glyphosate acid 48 hr LC50 121 Mortality 
Litoria moorei Glyphosate IPA 48 hr LC50 > 343 Mortality 
Lithobates 
clamitans  


Glyphosate IPA 
salt 96 hr 


 


LC50 > 17.9 Mortality 


Glyphosate Formulation (Non-POEA) 


Litoria moorei 
Roundup 
Biactive® MON 
77920  


48 hr 
 


LC50 328 Mortality 


Limnodynastes 
dorsalis 


Roundup 
Biactive® MON 
77920  


48 hr 
 


LC50 > 400 Mortality 


Heleioporus eyrei 
Roundup 
Biactive® MON 
77920  


48 hr 
 


LC50 > 427 Mortality 


Crinia insignifera 
Roundup 
Biactive® MON 
77920  


48 hr 
 


LC50 > 494 Mortality 


Ranidella 
signifera 


Glyphosate IPA 
45% + Geronol  96 hr 


 


LC50 > 450 Mortality 


Ranidella 
signifera 


Glyphosate IPA 
10% + Geronol 96 hr 


 


LC50 > 100 Mortality 


Ranidella 
signifera 


Glyphosate IPA 
36% + Geronol  96 hr 


 


LC50 > 360 Mortality 


Ranidella 
signifera 


Roundup 
Biactive® 36% 96 hr 


 


LC50 > 360 Mortality 


Lithobates 
clamitans  


Roundup 
Biactive® MON 
77920  


96 hr 
 


LC50 > 17.9 Mortality 


Xenopus laevis Rodeo®  96 hr LC50 7297 Mortality 
Glyphosate Formulation (With POEA) 
Ambystoma 
gracile 


Roundup 
Original® Max  96 hr 


 


LC50 2.8 Mortality 


Ambystoma 
laterale 


Roundup 
Original® Max  96 hr 


 


LC50 3.2 Mortality 


Ambystoma 
maculatum 


Roundup 
Original® Max  96 hr 


 


LC50 2.8 Mortality 


Anaxyrus 
americanus  


Roundup 
Original®/MON
 78087 (15% 
POEA) 


96 hr 


 
 


LC50 < 4 Mortality 


Anaxyrus 
americanus  


Vision® (15% 
POEA) pH 6 96 hr LC50 4.8 Mortality 
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Measurement 
Endpoint 


Anaxyrus 
americanus  


Vision® (15% 
POEA) pH 7.5 96 hr 


 


LC50 6.4 Mortality 


Anaxyrus 
americanus  


Roundup 
Original®/MON
 78087 (15% 
POEA) 


96 hr 


 
 


LC50 8 Mortality 


Anaxyrus 
americanus  


Roundup 
Original® Max  96 hr 


 


LC50 1.6 Mortality 


Anaxyrus 
americanus  


Vision® (15% 
POEA) pH 7.5 96 hr 


 


LC50 1.7 Mortality 


Anaxyrus 
americanus  


Vision® (15% 
POEA) pH 6 96 hr 


 


LC50 2.9 Mortality 


Anaxyrus boreas Roundup 
Original® Max  96 hr 


 


LC50 2 Mortality 


Anaxyrus fowleri Roundup 
Weathermax  96 hr 


 


LC50 1.96 Mortality 


Centrolene 
prosoblepon 


Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 


96 hr 
 


LC50 2.4 Mortality 


Crinia insignifera Roundup® 360  48 hr 
 


LC50 30.4 Mortality 


Crinia insignifera Roundup® 
(MON 2139) 48 hr 


 


LC50 49.4 Mortality 


Crinia insignifera Roundup® 
(MON 2139) 48 hr 


 


LC50 51.8 Mortality 


Crinia insignifera Roundup® 360  96 hr 
 


LC50 5.6 Mortality 


Crinia insignifera Roundup® 360  48 hr 
 


LC50 38.2 Mortality 


Crinia insignifera Roundup® 
(MON 2139) 48 hr 


 


LC50 3.6 Mortality 


Dendropsophus 
microcephalus 


Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 


96 hr 
 


LC50 1.2 Mortality 


Engystomops 
pustulosus 


Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 


96 hr 
 


LC50 2.8 Mortality 


Heleioporus eyrei Roundup® 
(MON 2139) 48 hr 


 


LC50 6.3 Mortality 


Heleioporus eyrei Roundup® 
(MON 2139) 48 hr 


 


LC50 8.6 Mortality 


Hyla chrysocelis Roundup 
Weathermax  96 hr 


 


LC50 3.26 Mortality 


Hyla chrysocelis Roundup® 96 hr  2.5 Mortality 


  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 187 


2335Appeal Book, Tab 29







Appendix X 


Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 
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original 
formulation 


LC50 


Hyla versicolor Roundup 
Original® Max  96 hr 


 


LC50 1.7 Mortality 


Hypsiboas 
crepitans 


Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 


96 hr 
 


LC50 2.1 Mortality 


Limnodynastes 
dorsalis 


Roundup® 
(MON 2139) 48 hr 


 


LC50 3 Mortality 


Litoria moorei Roundup® 
(MON 2139) 48 hr 


 


LC50 2.9 Mortality 


Litoria moorei Roundup® 
(MON 2139) 48 hr 


 


LC50 11.6 Mortality 


Notophthalmus 
viridescens 


Roundup 
Original® Max  96 hr 


 


LC50 2.7 Mortality 


Pseudacris 
crucifer 


Roundup 
Original® Max  96 hr 


 


LC50 0.8 Mortality 


Lithobates 
clamitans  


Vision® (15% 
POEA) 96 hr 


 


LC50 2.7 Mortality 


Lithobates 
clamitans  


Vision® (15% 
POEA) 96 hr 


 


LC50 4.34 Mortality 


Rana cascadae Roundup 
Original® Max  96 hr 


 


LC50 1.7 Mortality 


Lithobates 
catesbeianus  


Roundup 
Original® Max  96 hr 


 


LC50 0.8 Mortality 


Lithobates 
catesbeianus  


Roundup 
Weathermax  96 hr 


 


LC50 1.97 Mortality 


Lithobates 
catesbeianus  


Roundup® 
original 
formulation 


96 hr 
 


LC50 2.77 Mortality 


Lithobates 
clamitans  


Glyfos BIO® 
with 3-7% 
POEA 


96 hr 
 
 


LC50 > 17.9 Mortality 


Lithobates 
clamitans  


Glyfos AU® 
with 3-7% 
POEA 


96 hr 
 
 


LC50 8.9 Mortality 


Lithobates 
clamitans  


Roundup® 
original 
formulation 


96 hr 
 


LC50 4.22 Mortality 


Lithobates 
clamitans  


Vision® (15% 
POEA) pH 7.5 96 hr 


 


LC50 1.4 Mortality 


Lithobates 
clamitans  


Roundup 
Transorb® 96 hr 


 


LC50 2.2 Mortality 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


(15% POEA) 
Lithobates 
clamitans  


Roundup 
Weathermax  96 hr 


 


LC50 2.77 Mortality 


Lithobates 
clamitans  


Vision® (15% 
POEA) pH 6 96 hr 


 


LC50 3.5 Mortality 


Lithobates 
clamitans  


Vision® (15% 
POEA) pH 7.5 96 hr 


 


LC50 4.1 Mortality 


Lithobates 
clamitans  


Vision® (15% 
POEA) pH 6 96 hr 


 


LC50 5.3 Mortality 


Lithobates 
clamitans  


Roundup 
Original® Max  96 hr 


 


LC50 1.4 Mortality 


Lithobates 
clamitans  


Roundup 
Original®/MON
 78087 (15% 
POEA) 


96 hr 


 
 


LC50 7.1 Mortality 


Lithobates 
clamitans  


Roundup 
Original®/MON
 78087 (15% 
POEA) 


96 hr 


 
 


LC50 2 Mortality 


Lithobates 
pipiens  


Roundup 
Weathermax  96 hr 


 


LC50 2.27 Mortality 


Lithobates 
pipiens  


Roundup 
Original® Max  96 hr 


 


LC50 1.5 Mortality 


Lithobates 
pipiens  


Roundup 
Original®/MON
 78087 (15% 
POEA) 


96 hr 


 
 


LC50 2.9 Mortality 


Lithobates 
pipiens  


Vision® (15% 
POEA) 96 hr 


 


LC50 4.25 Mortality 


Lithobates 
pipiens  


Vision® (15% 
POEA) 96 hr 


 


LC50 11.47 Mortality 


Lithobates 
pipiens  


Roundup 
Original®/MON
 78087 (15% 
POEA) 


96 hr 


 
 


LC50 6.5 Mortality 


Lithobates 
pipiens  


Vision® (15% 
POEA) pH 6 96 hr 


 


LC50 1.8 Mortality 


Lithobates 
pipiens  


Vision® (15% 
POEA) pH 7.5 96 hr 


 


LC50 1.1 Mortality 


Lithobates 
pipiens  


Vision® (15% 
POEA) pH 7.5 96 hr 


 


LC50 7.5 Mortality 


Lithobates 
pipiens  


Vision® (15% 
POEA) pH 6 96 hr LC50 15.1 Mortality 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Lithobates 
pipiens  


Roundup® 
original 
formulation 


96 hr 
 


LC50 1.8 Mortality 


Rana 
sphenocephalia 


Roundup 
Weathermax  96 hr 


 


LC50 1.33 Mortality 


Rana 
sphenocephalia 


Roundup® 
original 
formulation 


96 hr 
 


LC50 2.05 Mortality 


Lithobates 
sylvaticus 


Roundup 
Original® Max  96 hr 


 


LC50 1.9 Mortality 


Lithobates 
sylvaticus 


Roundup 
Original®/MON
 78087 (15% 
POEA) 


96 hr 


 
 


LC50 > 8 Mortality 


Lithobates 
sylvaticus 


Roundup 
Original®/MON
 78087 (15% 
POEA) 


96 hr 


 
 


LC50 5.1 Mortality 


Rhinella 
margaritifera 


Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 


96 hr 
 


LC50 1.5 Mortality 


Rhinella 
granulosa 


Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 


96 hr 
 


LC50 2.3 Mortality 


Rhinella marina 
Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 


96 hr 
 


LC50 2.7 Mortality 


Scinax ruber 
Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 


96 hr 
 


LC50 1.6 Mortality 


Scinax nasicus 
Glyfos (48% 
IPA and 15% 
POEA) 


96 hr 
 


LC50 0.94 Mortality 


Scinax nasicus 
Glyfos (48% 
IPA and 15% 
POEA) 


96 hr 
 


LC50 0.94 Mortality 


Spea bombifrons 
RoundupWeath-
erMAX® (crop 
playa) 


96 hr 
 


LC50 1.85 Mortality 


Spea bombifrons 
RoundupWeath-
erMAX® (grass 
playa) 


96 hr 
 


LC50 2.03 Mortality 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Spea multiplicata  
RoundupWeath-
erMAX® (crop 
playa) 


96 hr 
 


LC50 2.11 Mortality 


Spea multiplicata  
RoundupWeath-
erMAX® (grass 
playa) 


96 hr 
 


LC50 2.3 Mortality 


Xenopus laevis Roundup with 
POEA 96 hr 


 


LC50 9.3 Mortality 


Xenopus laevis Glyphos 
+ Cosmo‐Flux  96 hr 


 


LC50 1.3 Mortality 


Xenopus laevis Vision® (15% 
POEA) pH 7.5 96 hr 


 


LC50 0.88 Mortality 


Xenopus laevis Vision® (15% 
POEA) pH 6 96 hr 


 


LC50 2.1 Mortality 


Xenopus laevis Vision® (15% 
POEA) pH 7.5 96 hr 


 


LC50 14.6 Mortality 


Xenopus laevis Vision® (15% 
POEA) pH 6 96 hr LC50 15.6 Mortality 


POEA Alone 
Lithobates 
clamitans MON 0818 96 hr 


 


LC50 1.32 Mortality 


Xenopus laevis POEA 96 hr LC50 6.8 Mortality 
Lithobates 
pipiens MON 0818 96 hr 


 


LC50 0.68 Mortality 


Lithobates 
catesbeianus MON 0818 96 hr 


 


LC50 0.83 Mortality 


Anaxyrus fowleri MON 0818 96 hr LC50 0.8 Mortality 
Hyla chrysocelis MON 0818 96 hr LC50 > 1.25 Mortality 
Lithobates 
clamitans  


MON 0818  
(69-73%) 96 hr 


 


LC50 2.2 Mortality 


Amphibians Subchronic and Chronic Data 
Glyphosate Technical 
Lithobates 
pipiens  


Technical grade 
glyphosate IPA 42-d NOEC 1.8 Highest limit 


concentration 
Glyphosate Formulation (With POEA) 


Lithobates 
catesbeianus  


Roundup (IPA 
with surfactant, 
corrected) 


16-d LC50 1.55 Mortality 


Lithobates 
clamitans  


Roundup (IPA 
with surfactant, 
corrected) 


16-d LC50 1.63 Mortality 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Hyla versicolor 
Roundup (IPA 
with surfactant, 
corrected) 


16-d 
  


LC50 1 Mortality 


Lithobates 
pipiens  


Roundup (IPA 
with surfactant, 
corrected) 


16-d 
 


LC50 1.85 Mortality 


Anaxyrus 
americanus  


Roundup (IPA 
with surfactant, 
corrected) 


16-d 
 


LC50 1.89 Mortality 


Lithobates 
sylvaticus 


Roundup (IPA 
with surfactant, 
corrected) 


16-d 
 


LC50 1 Mortality 


Amphibian Terrestrial Microcosm 
Glyphosate Formulation (With POEA)  
Rhinella 
margaritifera  


Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 14.8 Mortality 


Scinax ruber Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 7.3 Mortality 


Rhinella 
granulosa 


Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 6.5 Mortality 


Centrolene 
prosoblepon 


Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 4.5 Mortality 


Rhinella marina Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 22.8 Mortality 


Engystomops 
pustulosus 


Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 19.6 Mortality 


Pristimantis 
taeniatus 


Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 5.6 Mortality 


Dendrobates 
truncatus 


Glyphos and 
Cosmo-Flux 96 hr LC50 > 7.38 Mortality 


Amphibian Aquatic Field Microcosm 
Glyphosate Formulation (With POEA)  


Rhinella marina Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 5.96 Mortality 


Scinax ruber Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 6.9 Mortality 


Hypsiboas 
crepitans 


Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 7.3 Mortality 


Rhinella 
granulosa 


Glyphos and 
Cosmo-Flux 96 hr 


 


LC50 7.17 Mortality 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Amphibian Aquatic Field Mesocosm 
Glyphosate Formulation (With POEA)  


Lithobates 
sylvaticus 


Roundup 
Original Max® 
(Early applic.) 


21-d 
 


LC50 2.1 Mortality 


Lithobates 
sylvaticus 


Roundup 
Original Max® 
((Midday 
applic.) 


21-d 


 
 


LC50 2.44 Mortality 


Lithobates 
sylvaticus 


Roundup 
Original Max® 
(Late applic.) 


21-d 
 


LC50 4.27 Mortality 


Anaxyrus 
americanus 


Roundup 
Original Max® 
(Early applic.) 


21-d 
 


LC50 2.31 Mortality 


Anaxyrus 
americanus  


Roundup 
Original Max® 
(Midday applic.) 


21-d 
 


LC50 2.3 Mortality 


Anaxyrus 
americanus  


Roundup 
Original Max® 
(Late applic.) 


21-d 
 


LC50 3.93 Mortality 


Hyla versicolor 
Roundup 
Original Max® 
(high density) 


16-d 
 


LC50 1.71 Mortality 


Lithobates 
catesbeianus  


Roundup 
Original Max® 
(high density) 


16-d 
 


LC50 1.61 Mortality 


Lithobates 
clamitans  


Roundup 
Original Max® 
(high density) 


16-d 
 


LC50 2.18 Mortality 


Lithobates 
clamitans  


Vision Max 
(540 g a.e/L) 14-d 


 


LC50 > 0.55 Mortality 


Glyphosate Technical 


Oyster embryo Glyphosate 
technical 24 hr EC50 > 0.005 


Embryo 
abnormality 
(32% effect at 
0.005 mg a.e./L) 


Pacific Oyster 
Glyphosate 
(97% purity) 
corrected 


48 hr EC50 > 97 Metamorphic 
success 


Mysid S hrimp Glyphosate acid 
(95.6% purity) 96 hr LC50 80 Mortality 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Fiddler Crab 
Roundup 
Technical 
(96.7% purity) 


96 hr EC50 934 Mean carapace 
width 


Grass Shrimp 
Roundup 
Technical 
(96.7% purity) 


96 hr EC50 281 Mean length 


Pacific Oyster Glyphosate acid 
(95.6% purity) 48 hr EC50 40 Larval 


development 


Pacific Oyster glyphosate (97% 
purity)  48 hr EC50 27.5 Larval 


development 


Atlantic Oyster 
(embryo) 


Roundup 
Technical 
(96.7% purity) 


48 hr EC50 > 10 Larval 
development 


Acartia tonsa Glyphosate acid 48 hr LC50 35.3 Mortality 
Acartia tonsa Glyphosate IPA 48 hr LC50 49.3 Mortality 
Glyphosate Formulation (Non-POEA) 


Pacific Oyster 
Glyphosate SL 
(YF11357) 
28.3% 


48 hr EC50 23.2 Laraval 
development 


Mysid Shrimp 
Glyphosate SL 
(YF11357) 
28.3% 


96 hr EC50 > 54 Mortality 


Glyphosate Formulation (With POEA) 


Blue crab  
Roundup Pro 
(50.2% IPA) 
POEA) 


24 hr LC50 158.6 Juvenile 
mortality 


Pacific Oyster 
Roundup 
Express  
(7.3 g a.i./L) 


48 hr EC50 6.9 Metamorphic 
success 


Pacific Oyster 
Roundup Allées 
et Terrasses (4.4 
g a.i./L) 


48 hr EC50 7.6 Metamorphic 
success 


Acartia tonsa Roundup 48 hr LC50 1.8 Mortality 


Oyster embryo Roundup 24 hr EC50 > 0.005 Highest tested 
concentration 


Atlantic Oyster 
(embryo) 


MON 2139 
Roundup® 
(30.75 % a.e.) 


48 hr EC50 1 shell 
development 


POEA Alone 
Acartia tonsa POEA 48 hr LC50 0.6 Mortality 
AMPA 


Pacific Oyster AMPA 48 hr EC50 > 97 Metamorphic 
success 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Estuarine/Marine Fish Acute Data 
Glyphosate Technical 


Sheepshead 
minnow 


Glyphosate 
technical (95.6% 
purity) 


96 hr LC50 247 Mortality 


Chinook salmon Glyphosate 
technical (city) 96 hr LC50 19 Mortality 


Chinook salmon Glyphosate 
technical (creek)  96 hr LC50 30 Mortality 


Chinook salmon 
Glyphosate 
technical 
(reconstituted)  


96 hr LC50 102 Mortality 


Chinook salmon Glyphosate 
technical (well)  96 hr LC50 108 Mortality 


Chinook salmon Glyphosate 
technical (lake)  96 hr LC50 211 Mortality 


Coho salmon Glyphosate 
technical (city) 96 hr LC50 27 Mortality 


Coho salmon Glyphosate 
technical (creek)  96 hr LC50 36 Mortality 


Coho salmon 
Glyphosate 
technical 
(reconstituted)  


96 hr LC50 112 Mortality 


Coho salmon Glyphosate 
technical (well)  96 hr LC50 111 Mortality 


Coho salmon Glyphosate 
technical (lake)  96 hr LC50 174 Mortality 


Chum salmon Glyphosate 
technical (city) 96 hr LC50 10 Mortality 


Chum salmon Glyphosate 
technical (creek)  96 hr LC50 22 Mortality 


Chum salmon 
Glyphosate 
technical 
(reconstituted)  


96 hr LC50 99 Mortality 


Chum salmon Glyphosate 
technical (lake)  96 hr LC50 148 Mortality 


Pink salmon Glyphosate 
technical (city) 96 hr LC50 14 Mortality 


Pink salmon Glyphosate 
technical (creek)  96 hr LC50 23 Mortality 


Pink salmon 
Glyphosate 
technical 
(reconstituted)  


96 hr LC50 94 Mortality 


  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 195 


2343Appeal Book, Tab 29







Appendix X 


Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Pink salmon Glyphosate 
technical (well)  96 hr LC50 102 Mortality 


Pink salmon Glyphosate 
technical (lake)  96 hr LC50 190 Mortality 


Glyphosate Formulation (Non-POEA) 
Chinook salmon Rodeo® + X‐77  96 hr LC50 103.8 Mortality 
Chinook salmon Rodeo® + X‐77  96 hr LC50 180.2 Mortality 
Coho salmon Rodeo® + X‐77  96 hr LC50 148.3 Mortality 
Glyphosate Formulation (With POEA) 
Chinook salmon Roundup® 96 hr LC50 7.1 Mortality 


Chinook salmon 
Roundup® 
(Vision®) 


30.5% 
96 hr LC50 5.8 Mortality 


Chinook salmon 
Roundup® 
(Vision®) 


30.5% 
96 hr LC50 8.2 Mortality 


Chinook salmon 
Roundup® 
(Vision®) 


30.5% 
96 hr LC50 10 Mortality 


Chinook salmon 
Roundup® 
(Vision®) 


30.5% 
96 hr LC50 5.2 Mortality 


Chinook salmon 
Roundup® 
(Vision®) 


30.5% 
96 hr LC50 6.7 Mortality 


Chinook salmon MON 8709 
30.5% 96  hr LC50 8.54 Mortality 


Chinook salmon MON 8709 
30.5% 96 hr LC50 13.7 Mortality 


Chinook salmon MON 8709 
30.5% 96 hr LC50 18.9 Mortality 


Chinook salmon MON 8709 
30.5% 96 hr LC50 20.4 Mortality 


Chinook salmon MON 8709 
30.5% 96 hr LC50 10.1 Mortality 


Chinook salmon Roundup® 96 hr LC50 7.1 Mortality 
Coho salmon Roundup® 96 hr LC50 8.1 Mortality 


Coho salmon Roundup® 
(Vision®)  96 hr LC50 8.2 Mortality 


Coho salmon Roundup® 
(Vision®)  96 hr LC50 9.2 Mortality 


Coho salmon Roundup® 
(Vision®)  96 hr LC50 10 Mortality 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Coho salmon Roundup® 
(Vision®)  96 hr LC50 4 Mortality 


Coho salmon Roundup® 
(Vision®)  96 hr LC50 9 Mortality 


Coho salmon MON 8709  96 hr LC50 13.4 Mortality 
Coho salmon MON 8709  96 hr LC50 15.6 Mortality 
Coho salmon MON 8709  96 hr LC50 16.8 Mortality 
Coho salmon MON 8709  96 hr LC50 7.6 Mortality 
Coho salmon MON 8709  96 hr LC50 10.4 Mortality 
Coho salmon 
(fry) Roundup® 96 hr LC50 12.8 Mortality 


Chum salmon Roundup® 
(Vision®)  96 hr LC50 5.8 Mortality 


Chum salmon Roundup® 
(Vision®)  96 hr LC50 3.4 Mortality 


Chum salmon Roundup® 
(Vision®)  96 hr LC50 6.1 Mortality 


Chum salmon Roundup® 
(Vision®)  96 hr LC50 4.6 Mortality 


Chum salmon MON 8709  96 hr LC50 11 Mortality 
Chum salmon MON 8709  96 hr LC50 7 Mortality 
Chum salmon MON 8709  96 hr LC50 10.4 Mortality 
Chum salmon MON 8709  96 hr LC50 17.7 Mortality 


Pink salmon Roundup® 
(Vision®)  96 hr LC50 5.8 Mortality 


Pink salmon Roundup® 
(Vision®)  96 hr LC50 4.3 Mortality 


Pink salmon Roundup® 
(Vision®)  96 hr LC50 10.1 Mortality 


Pink salmon Roundup® 
(Vision®)  96 hr LC50 9.5 Mortality 


Pink salmon Roundup® 
(Vision®)  96 hr LC50 5.2 Mortality 


Pink salmon MON 8709  96 hr LC50 14 Mortality 
Pink salmon MON 8709  96 hr LC50 14.6 Mortality 
Pink salmon MON 8709  96 hr LC50 10.4 Mortality 
Pink salmon MON 8709  96 hr LC50 7.9 Mortality 
Pink salmon MON 8709  96 hr LC50 7.3 Mortality 
Sockeye salmon Roundup® 96 hr LC50 8.1 Mortality 
Sockeye salmon Roundup® 96 hr LC50 8.4 Mortality 
Sockeye salmon 
(fry) Roundup® 96 hr LC50 8.7 Mortality 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Sheepshead 
minnow 


MON 2139 
Roundup® 


30.75% 
96 hr LC50 2.7 Mortality 


POEA Alone 


Chinook salmon MON 0818 
(city) 96 hr LC50 2.8 Mortality 


Chinook salmon MON 0818 
(creek) 96 hr LC50 2.8 Mortality 


Chinook salmon MON 0818 
(reconstituted) 96 hr LC50 2.7 Mortality 


Chinook salmon MON 0818 
(well) 96 hr LC50 2.6 Mortality 


Chinook salmon MON 0818 
(lake) 96 hr LC50 1.7 Mortality 


Coho salmon MON 0818 
(city) 96 hr LC50 4.6 Mortality 


Coho salmon MON 0818 
(creek) 96 hr LC50 3.2 Mortality 


Coho salmon MON 0818 
(reconstituted) 96 hr LC50 2.8 Mortality 


Coho salmon MON 0818 
(well) 96 hr LC50 2.9 Mortality 


Coho salmon MON 0818 
(lake) 96 hr LC50 1.8 Mortality 


Coho salmon 
(fry) MON 0818  96 hr LC50 3.5 Mortality 


Chum salmon MON 0818 
(city) 96 hr LC50 2.7 Mortality 


Chum salmon MON 0818 
(creek) 96 hr LC50 2.6 Mortality 


Chum salmon MON 0818 
(reconstituted) 96 hr LC50 1.4 Mortality 


Chum salmon MON 0818 
(lake) 96 hr LC50 2.6 Mortality 


Pink salmon MON 0818 
(city) 96 hr LC50 4.5 Mortality 


Pink salmon MON 0818 
(creek) 96 hr LC50 2.8 Mortality 


Pink salmon MON 0818 
(reconstituted) 96 hr LC50 1.5 Mortality 


Pink salmon MON 0818 
(well) 96 hr LC50 2.6 Mortality 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Pink salmon MON 0818 
(lake) 96 hr LC50 1.4 Mortality 


Sockeye salmon 
(fry) MON 0818  96 hr LC50 2.6 Mortality 


Estuarine/Marine Fish Chronic Data 
Glyphosate Technical 
Threespine 
stickleback  


Glyphosate  
(≥ 96%) 42-d NOEC 0.1  Mortality and 


Length 
Marine Algae Acute Data 
Glyphosate Technical 


S. costatum Glypohsate 
technical 96 hr EC50 11 Biomass 


S. costatum Glypohsate 
technical 96 hr IC50 2.27 Growth 


inhibition 


S. costatum Glypohsate 
technical 96 hr IC50 5.89 Growth 


inhibition 


S. costatum Glypohsate 
technical 7-d EC50 0.64 Growth 


inhibition 
Glyphosate Formulation (With POEA) 


S. costatum 
  
Roundup 
 


96 hr EC50 1.85 Growth 
inhibition 


POEA Alone 


S. costatum 
 
POEA 
 


96 hr EC50 3.35 Growth 
inhibition 


Marine Algae Chronic Data 
Glyphosate Technical 
Chlorella 
vulgaris  


Glypohsate 
technical 21-d EC50 62.33 Growth 


inhibition 
Chlorella 
vulgaris  


Glypohsate 
technical 21-d EC50 292.3 Growth 


inhibition 
 Spirulina 
plastensis 


Glypohsate 
technical 21-d EC50 101.18 Growth 


inhibition 
 Spirulina 
plastensis 


Glypohsate 
technical 21-d EC50 > 169 Growth 


inhibition 
Arthrospira 
fusiformis 


Glypohsate 
technical 21-d EC50 61.8 Growth 


inhibition 
Arthrospira 
fusiformis 


Glypohsate 
technical 21-d EC50 > 169 Growth 


inhibition 
Nostoc 
punctiforme  


Glypohsate 
technical 21-d EC50 44.48 Growth 


inhibition 
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Species Name or 
Taxon 


Formulation 
Type Duration  Reported 


Endpoint 


Toxicity 
Value 
(mg 


a.e./L)* 


Measurement 
Endpoint 


Nostoc 
punctiforme  


Glypohsate 
technical 21-d EC50 598.4 Growth 


inhibition 
Anabaena 
catenula  


Glypohsate 
technical 21-d EC50 5.33 Growth 


inhibition 
Anabaena 
catenula  


Glypohsate 
technical 21-d EC50 256.5 Growth 


inhibition 
Synechocystis 
aquatilis  


Glypohsate 
technical 21-d EC50 174.75 Growth 


inhibition 
Synechocystis 
aquatilis  


Glypohsate 
technical 21-d EC50 164.9 Growth 


inhibition 
Microcystis 
eruginosa  


Glypohsate 
technical 21-d EC50 8.03 Growth 


inhibition 
Microcystis 
eruginosa  


Glypohsate 
technical 21-d EC50 251.4 Growth 


inhibition 
Leptolynbya 
boryana  


Glypohsate 
technical 21-d EC50 6.68 Growth 


inhibition 
Leptolynbya 
boryana  


Glypohsate 
technical 21-d EC50 246.6 Growth 


inhibition 
Glyphosate Formulation (With POEA) 
Chlorella 
vulgaris    21-d EC50 21.26 Growth 


inhibition 
 Spirulina 
plastensis   21-d EC50 5.96 Growth 


inhibition 
Arthrospira 
fusiformis   21-d EC50 5.08 Growth 


inhibition 
Nostoc 
punctiforme    21-d EC50 7.61 Growth 


inhibition 
Anabaena 
catenula    21-d EC50 0.52 Growth 


inhibition 
Synechocystis 
aquatilis    21-d EC50 16.16 Growth 


inhibition 
Microcystis 
eruginosa    21-d EC50 1.21 Growth 


inhibition 
Leptolynbya 
boryana    21-d EC50 0.74 Growth 


inhibition 
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Table X.17 Summary of Species Sensitivity Distributions (SSDs) for Glyphosate, Its 
Major Tramsformation Product AMPA and the Formulant POEA: HC5 OR 
Most Sensitive Species by Taxonomic Group: Fish, Aquatic Invertebrates, 
Amphibians, AquaticPlants, Algae and Terrestrial Plants 


Terrestrial and 
Aquatic 


Organisms 


Glyphosate 
Technical 


Glyphosate 
Formulation 
(Non-POEA) 


Glyphosate 
Formulation 
(With POEA) 


AMPA POEA1 


Exposure 


 
Acute  Chronic Acute  Chronic Acute  Chronic Acute Acute  Chronic 


Terrestrial Organisms 


Earthworms 
(mg ae./kg soil) 


690X — — — 0.253X — — — — 


Snails (mg ae./L) — NOEC: 
1000 — 


NOEC: 
29.7  


(NOEC: 
219 mg 
a.e./kg 


soil) 


LC50: 
2.3X NOEC: 8.55 — — — 


Terrestrial 
Plants (SE) EC50 
(kg ae/ha) 


EC50: 3.25X — EC50: 
4.48X 


 
— 


 
— 


 
— 


 
— 


 
— 


 
— 


Terrestrial 
Plants (VV) 
EC25 (kg ae/ha) 


HC5: 0.12 — HC5: 
0.0664 — — — — — — 


Terrestrial 
Plants (VV) 
EC50 (kg ae/ha) 


HC5: 0.27 — — — — — — — — 


Terrestrial 
Plants (VV) 
EC50 Non-crop  
(kg ae/ha) 


— — HC5:0.0
126 — — — — — — 


Terrestrial 
Plants EC50


 


Mixed  
(kg ae/ha) 


— — EC50: 
0.014X — — — — — — 


Terrestrial 
Plants EC25 
Mixed  
(kg a.e/ha) 


— — — — HC5: 
0.035 — — — — 


Aquatic Organisms 
Freshwater 
Invertebrates 
(mg ae/L) 


HC5: 16.9 NOEC: 
7.1 


HC5: 
30.5 


EC50: 
43.8x 


HC5: 
0.19 


NOEC: 
0.269 


LC50: 
408.2x 


HC5: 
0.0041 


EC50: 
1.7x 


Freshwater Fish 
(mg ae./L) 


HC5: 80.4 NOEC: 
25.7 


LC50: 
122.3X — — — — — — 


Freshwater HC5: 6.55 HC5: 
118.2 


EC50: 
0.12X — EC50: 


9.1X HC5:0.42 EC50: 
143X 


EC50: 
3.35X 


EC50: 
3.35X 
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Terrestrial and 
Aquatic 


Organisms 


Glyphosate 
Technical 


Glyphosate 
Formulation 
(Non-POEA) 


Glyphosate 
Formulation 
(With POEA) 


AMPA POEA1 


Exposure 


 
Acute  Chronic Acute  Chronic Acute  Chronic Acute Acute  Chronic 


Algae (mg ae/L) 
Freshwater 
Plants (mg ae/L) 


EC50: 21.1X — EC50: 
7.7X — HC5: 


0.003 — — — — 


Amphibians (mg 
ae/L) 


HC5: 14.9 NOEC: 
1.8 


HC5: 
18.1 — HC5: 


0.93 
HC5 (LC50): 


0.86 — HC5: 
0.35 — 


Amphibians – 
Mesocosm (mg 
a.e./L) 


— — — — 


HC5: 
2.29 


(HC5: 
3.28 kg 
a.e./ha) 


HC5 (LC50): 
1.36, 


NOEC: 0.55 
— — — 


Marine 
Invertebrates 
(mg a.e./L) 


HC5: 0.3 — EC50: 
23.2x — HC5: 0.1 — EC50: 97x EC50: 


0.6x — 


Marine Fish  
(mg a.e./L) 


HC5: 23.4 NOEC: 
0.1 


LC50: 
136.8X — HC5: 


3.04 — — HC5: 
2.06 — 


Marine algae 
(mg a.e./L) 


EC50: 3.11x HC5: 
28.4 — — EC50: 


3.35x HC5: 0.33 — EC50: 
1.85 


EC50: 
1.85 


X Not an HC5 value, SSDs could not be determined, the most sensitive species endpoint value is reported and uncertainty 
factor to be applied as required; 1POEA: formulant, POEA concentrations cannot be directly compared to other data; SE = 
Seedling emergence, VV = Vegetative vigour. 


 


Table X.18 Risk Quotients for Earthworms and the Soil Benefecials Exposed to the 
Glyphosate Technical, Glyphosate Formulations and the Transformation 
Product AMPA 


Test Material Expo-
sure 


Endpoints  
(mg a.e./kg 


soil) 
Crop EEC (mg a.e./kg soil) RQ1 


Level of 
Concern 
Exceeded 


Earthworms 
Glyphosate 
Technical Acute  1/2LC50: 163.9 Apple 4.24 0.03 No 


Glyphosate 
Formulation 
(With POEA) 


Acute  1/2LC50: > 
2129 


Apple 4.24 < 0.002 No 
Potato 1.92 < 0.001 No 


Chronic NOEC: 21.3 Apple 4.24 0.2 No 
Potato 1.92 0.09 No 


Glyphosate 
Formulation 
(POEA 
Unknown) 


Acute 1/2LC50: > 500 Apple 4.24 < 0.009 No 


AMPA Acute  1/2LC50: > 500 Apple 3.5 < 0.007 No 
Chronic NOEC: 28.12 Apple 3.5 0.12 No 


Springtail (collembolan), Folsomia candida 
Glyphosate 
Formulation 
(POEA 
Unknown) 


Acute 
48-h 


EC50/2 = 0.57 
mg a.e./kg soil  Apple 


In-field: 4.24 mg a.e./kg 
soil 7.4 Yes 


Off-field (ground 
application,  0.2 No 
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Test Material Expo-
sure 


Endpoints  
(mg a.e./kg 


soil) 
Crop EEC (mg a.e./kg soil) RQ1 


Level of 
Concern 
Exceeded 


3% drift):0.13 mg 
a.e./kg soil 
Refinement In-field (0.6 
soil deposition factor): 
2.544 mg a.e./kg soil 


4.45 Yes 


Canola 


In-field: 3.47 mg a.e./kg 
soil 6.1 Yes 


Off-field (ground 
application, 3% 
drift):0.10 mg a.e./kg 
soil 


0.2 No 


Off-field (aerial 
application, 17% 
drift):0.59 mg a.e./kg 
soil 


1 Marginal 


Refinement In-field (0.6 
soil deposition factor): 
2.082 mg a.e./kg soil 


3.78 Yes 


Potato 


In-field: 1.92 mg a.e./kg 
soil 3.43 Yes 


Off-field (ground 
application, 3% drift): 
0.06 mg a.e./kg soil 


0.01 No 


Refinement In-field (0.6 
soil deposition factor): 
1.152 mg a.e./kg soil 


2 Yes 


Chronic 
– Repro-
duction 
- 28 d 


EC50/2 = 0.27 
mg a.e./kg soil 
(In the absence 


of a NOEC) 


Apple 


In-field: 4.24 mg a.e./kg 
soil 15.7 Yes 


Off-field (ground 
application, 3% 
drift):0.13 mg a.e./kg 
soil 


0.5 No 


Refinement In-field (0.6 
soil deposition factor): 
2.544 mg a.e./kg soil 


9.4 Yes 


Canola 


In-field: 3.47 mg a.e./kg 
soil 13 Yes 


Off-field (ground 
application, 3% 
drift):0.10 mg a.e./kg 
soil 


0.4 No 


Off-field (aerial 
application, 17% 
drift):0.59 mg a.e./kg 
soil 


2.2 Yes 


Refinement In-field (0.6 
soil deposition factor): 
2.082 mg a.e./kg soil 


7.7 Yes 


Potato 


In-field: 1.92 mg a.e./kg 
soil 7.1 Yes 


Off-field (ground 
application, 3% drift): 
0.06 mg a.e./kg soil 


0.2 No 
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Test Material Expo-
sure 


Endpoints  
(mg a.e./kg 


soil) 
Crop EEC (mg a.e./kg soil) RQ1 


Level of 
Concern 
Exceeded 


Refinement In-field (0.6 
soil deposition factor): 
1.152 mg a.e./kg soil 


4.3 Yes 


1 Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 
Table X.19 Screening and Refinement Level Risk Assessment and Risk Quotients for 


Bees and Predators and Parasitic Arthropods Exposed to the Glyphosate 
Technical, Glyphosate Formulations and the Transformation Product AMPA 


Organism Exposure Endpoint 
Value Crop EEC RQ1 


Level of 
Concern 
Exceeded 


Bee 
Glyphosate Technical 


Honeybee, 
Apis melifera 


Contact 
LD50 > 
182 µg 
a.e./bee — 


4.32 kg a.e./ha × 2.4 µg 
a.e./bee per kg a.e./ha = 
10.37 µg a.e./bee  


< 0.06 No 


Oral 
LD50 > 
182 µg 
a.e./bee — 


4.32 kg a.e./ha × 29 µg 
a.e./bee per kg a.e./ha = 
125.28 µg a.e./bee 


< 0.7 No 


Brood / 
hive 


Risk is not expected from exposure to glyphosate based on the mode 
of action, a lack of effects observed for adult bees, and a lack of 
significant effects to other immature insects (chironomid and 
beneficial arthropods). 


Gyphosate Formulation (With POEA) 


EUP + POEA 


Contact 
LD50 > 
182 µg 
a.e./bee — 


4.32 kg a.e./ha × 2.4 µg 
a.e./bee per kg a.e./ha = 
10.37 µg a.e./bee  


< 0.09 No 


Oral 
LD50 > 
116 µg 
a.e./bee — 


4.32 kg a.e./ha × 29 µg 
a.e./bee per kg a.e./ha = 
125.28 µg a.e./bee 


< 1.25 No 


Brood / 
hive 


Risk is not expected from exposure to glyphosate based on the mode 
of action, a lack of effects observed for adult bees, and a lack of 
significant effects to other immature insects (chironomid and 
beneficial arthropods). 


Arthropods 


Predatory 
arthropod, 
Typhlodromus 
pyri 


Contact, 
glass 
plate 


LR50 = 
161.9 g 
a.e./ha 


Apple 


In-field: 7285 g a.e./ha 45.0 Yes 
Off-field (ground 
application, 3% drift): 29 
g a.e./ha 


1.3 
No 


Canola 


In-field: 6990 g a.e./ha 43.0 Yes 
Off-field (ground 
application, 3% drift): 
210Vg a.e./ha 


1.3 
No 


Off-field (aerial 7.3 Yes 
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Organism Exposure Endpoint 
Value Crop EEC RQ1 


Level of 
Concern 
Exceeded 


application, 17% drift): 
1188 g a.e./ha 


Potato 


In-field: 4320 g a.e./ha 27.0 Yes 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 


0.8 
No 


Contact, 
leaf 
substrate 


LR50 = 
1567 g 
a.e./ha 


Apple 


In-field: 7285 g a.e./ha 4.7 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  


0.1 
No 


Refined In-field (0.4 foliar 
deposition factor):  
2914 g a.e./ha  


1.9 
Yes 


Canola 


In-field: 6990 g a.e./ha 4.5 Yes 
Off-field (ground 
application, 3% drift):  
210 g a.e./ha  


0.1 
No 


Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 


0.8 
No 


Refined In-field (0.4 foliar 
deposition factor):  
2796 g a.e./ha 


1.8 
Yes 


Potato 


In-field: 4320 g a.e./ha 2.8 Yes 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha  


0.08 
No 


Refined In-field (0.4 foliar 
deposition factor):  
1728 g a.e./ha 


1.1 
No 
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Organism Exposure Endpoint 
Value Crop EEC RQ1 


Level of 
Concern 
Exceeded 


Parasitoid 
arthropod, 
Aphidius 
rhopalosiphi 


Contact, 
glass 
plate 


LR50 = 
2267 g 
a.e./ha 


Apple 


In-field: 7285 g a.e./ha 3.2 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha 


0.1 
No 


Canola 


In-field: 6990 g a.e./ha 3.1 Yes 
Off-field (ground 
application, 3% drift):  
210 g a.e./ha 


0.09 
No 


Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha  


0.5 
No 


Potato 


In-field: 4320 g a.e./ha 1.9 No 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 


0.06 
No 


Contact, 
leaf 
substrate 


LR50 > 
5976 g 
a.e./ha; 
ER50 > 
5976 g 
a.e./ha 


Apple 


In-field: 7285 g a.e./ha < 1.2 No 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  


< 0.04 
No 


Refined In-field (0.4 foliar 
dissipation factor):  
2914 g a.e./ha  


< 0.5 
No 


Canola 


In-field: 6990 g a.e./ha < 1.2 No 
Off-field (ground 
application, 3% drift):  
210 g a.e./ha  


< 0.04 
No 


Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 


< 0.2 
No 


Refined In-field (0.4 foliar 
deposition factor):  
2796 g a.e./ha 


< 0.5 
No 


Potato 


In-field: 4320 g a.e./ha < 0.7 No 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 


< 0.02 
No 


Lacewing, 
Chrysoperla 
carnea 


Contact, 
glass 
plate 


LR50 > 
5976 g 
a.e./ha; 
ER50 > 
5976 g 
a.e./ha 


Apple 


In-field: 7285 g a.e./ha < 1.2 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  


< 0.04 
No 


Refined In-field (0.4 foliar 
deposition factor):  
2914 g a.e./ha  


< 0.5 
No 


Canola In-field: 6990 g a.e./ha < 1.2 Yes 
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Organism Exposure Endpoint 
Value Crop EEC RQ1 


Level of 
Concern 
Exceeded 


Off-field (ground 
application, 3% drift):  
210 g a.e./ha  


< 0.04 
No 


Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 


< 0.2 
No 


Refined In-field (0.4 foliar 
deposition factor):  
2796 g a.e./ha 


< 0.5 
No 


Potato 


In-field: 4320 g a.e./ha <  0.7 No 
Off-field (ground 
application, 3% drift): 130 
g a.e./ha 


< 0.02 
No 


Hoverfly, 
Episyrphus 
balteatus 


Contact, 
leaf 
substrate 


LR50 > 
5976 g 
a.e./ha; 
ER50 
>5976 g 
a.e./ha 


Apple 


In-field: 7285 g a.e./ha < 1.2 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  


< 0.04 
No 


Refined In-field (0.4 foliar 
deposition factor):  
2914 g a.e./ha  


< 0.5 
No 


Canola 


In-field: 6990 g a.e./ha < 1.2 Yes 
Off-field (ground 
application, 3% drift):  
210 g a.e./ha  


< 0.04 
No 


Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 


< 0.2 
No 


Refined In-field (0.4 foliar 
deposition factor):  
2796 g a.e./ha 


< 0.5 
No 


Potato 


In-field: 4320 g a.e./ha < 0.7 No 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 


< 0.02 
No 


Carabid 
beetle, 
Poecilus 
cupreus 


Contact, 
sand 
substrate 


LR50 > 
2988 g 
a.e./ha; 
ER50 > 
2988 g 
a.e./ha  


Apple 


In-field: 7285 g a.e./ha < 2.4 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  


< 0.07 
No 


Refined In-field (0.6 soil 
deposition factor):  
4371 g a.e./ha  


< 1.5 
Yes 


Canola 
In-field: 6990 g a.e./ha < 2.3 Yes 
Off-field (ground 
application, 3% drift):  < 0.07 No 
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Organism Exposure Endpoint 
Value Crop EEC RQ1 


Level of 
Concern 
Exceeded 


210 g a.e./ha  
Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 


< 0.4 
No 


Refined In-field (0.6 soil 
deposition factor):  
4194 g a.e./ha 


< 1.4 
Yes 


Potato 


In-field: 4320 g a.e./ha < 1.4 Yes 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 


< 0.04 
No 


Refined In-field (0.6 soil 
dissipation factor):  
2592 g a.e./ha 


< 0.9 
No 


Staphynilid 
beetle, 
Aleochara 
bilineata 


Chronic, 
soil 
substrate 


NOER = 
5976 g 
a.e./ha, 
highest 
rate 
tested 


Apple 


In-field: 7285 g a.e./ha 1.2 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  


0.04 No 


Canola 


In-field: 6990 g a.e./ha 1.1 Yes 
Off-field (ground 
application, 3% drift):  
210 g a.e./ha  


0.04 
No 


Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 


0.2 
No 


Potato 


In-field: 4320 g a.e./ha 0.7 No 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 


0.02 
No 


1 Risk Quotient (RQ) = EEC/endpoint; shaded cells and bold values indicate that the screening level RQ exceeds the 
LOC of 2.0 for A. rhopalosiphi and T. pyri and 1.0 for others.  


 
Table X.20 Screening Level Risk Assessment for Birds and Mammals Exposed to 


Glyphosate Technical 


 Animal Size Toxicity (mg 
a.e/kg bw/d) 


Feeding Guild  
(Food Item) 


EDE (mg  
a.e/kg bw) RQ 


Level of 
Concern 
Exceeded 


Screening Level – Birds  
Small Bird (0.02 kg)  
Acute > 319.63 Insectivore  592.97 < 1.9 Yes 
Reproduction 291 Insectivore  592.97 2 Yes 
Medium-Sized Bird (0.1 kg)  
Acute > 319.63 Insectivore  462.75 < 1.5 Yes 
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 Animal Size Toxicity (mg 
a.e/kg bw/d) 


Feeding Guild  
(Food Item) 


EDE (mg  
a.e/kg bw) RQ 


Level of 
Concern 
Exceeded 


Reproduction 291 Insectivore  462.75 1.6 Yes 
Large-Sized Bird (1 kg)  
Acute > 319.63 Herbivore (short grass) 298.91 < 0.9 No 
Reproduction 291 Herbivore (short grass) 298.91 1 Marginal 
Screening Level – Mammals 
Small Mammal (0.015 kg)  
Acute 156.8 Insectivore  341.06 2.2 Yes 
Reproduction 740 Insectivore  341.06 0.5 No 
Medium-Sized Mammal (0.035 kg) 
Acute 156.8 Herbivore (short grass) 661.47 4.2 Yes 
Reproduction 740 Herbivore (short grass) 661.47 0.9 No 
Large-Sized Mammal (1 kg) 
Acute 156.8 Herbivore (short grass) 353.45 2.3 Yes 
Reproduction 740 Herbivore (short grass) 353.45 0.5 No 
 
Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.21 Risk Assessment Refinement for Birds Exposed to Glyphosate Technical 


Exposure 


 Toxicity 
(mg 


a.e./kg 
bw/d) 


 Food Guild (Food Item) 


Maximum Nomogram Residues  Mean Nomogram Residues  


On-field 
EDE (mg 


a.e./kg bw) 
RQ 


Off-field 
(3% drift) 
EDE (mg 


a.e./kg 
bw) 


RQ 
On-field 
EDE (mg 


a.e./kg bw) 
RQ 


Off-field 
(3% drift) 
EDE (mg 


a.e./kg 
bw) 


RQ 


Small Bird (0.02 kg) 


Acute 
> 319.63 Insectivore 592.97 < 1.9 17.79 < 0.06 409.43 < 1.3 12.28 < 0.04 
> 319.63 Granivore (grain and seeds) 91.77 < 0.3 2.75 < 0.01 43.77 < 0.1 1.31 < 0.004 
> 319.63 Frugivore (fruit) 183.54 < 0.6 5.51 < 0.02 87.53 < 0.3 2.63 < 0.01 


Dietary 
> 258.00 Insectivore 592.97 < 2.3 17.79 < 0.07 409.43 < 2.0 12.28 < 0.05 
> 258.00 Granivore (grain and seeds) 91.77 < 0.4 2.75 < 0.01 43.77 < 0.2 1.31 < 0.01 
> 258.00 Frugivore (fruit) 183.54 < 0.7 5.51 < 0.02 87.53 < 0.3 2.63 < 0.01 


Reproduction 
291 Insectivore 592.97 2.0 17.79 0.06 409.43 1.4 12.28 < 0.04 
291 Granivore (grain and seeds) 91.77 0.3 2.75 0.01 43.77 0.2 1.31 < 0.005 
291 Frugivore (fruit) 183.54 0.6 5.51 0.02 87.53 0.3 2.63 0.01 


Medium-Sized Bird (0.1 kg) 


Acute 
> 319.63 Insectivore 462.75 < 1.5 13.88 < 0.04 319.52 < 1.0 9.59 < 0.03 
> 319.63 Granivore (grain and seeds) 71.62 < 0.2 2.15 < 0.01 34.16 < 0.1 1.02 < 0.003 
> 319.63 Frugivore (fruit) 143.23 < 0.5 4.3 < 0.01 68.31 < 0.2 2.05 < 0.01 


Dietary 
> 258.00 Insectivore 462.75 < 1.8 13.88 < 0.05 319.52 < 1.2 9.59 < 0.04 
> 258.00 Granivore (grain and seeds) 71.62 < 0.3 2.15 < 0.01 34.16 < 0.1 1.02 < 0.004 
> 258.00 Frugivore (fruit) 143.23 < 0.6 4.3 < 0.02 68.31 < 0.3 2.05 < 0.01 


Reproduction 
291 Insectivore 462.75 1.6 13.88 0.05 319.52 1.1 9.59 0.03 
291 Granivore (grain and seeds) 71.62 0.3 2.15 0.01 34.16 0.1 1.02 0.004 
291 Frugivore (fruit) 143.23 0.5 4.3 0.01 68.31 0.2 2.05 0.01 


Large-Sized Bird (1 kg) 


Acute >319.63 Insectivore 135.1 < 0.4 4.05 < 0.01 93.29 < 0.3 2.8 < 0.01 
>319.63 Granivore (grain and seeds) 20.91 < 0.1 0.63 < 0.002 93.29 < 0.3 0.3 < 0.001 
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Exposure 


 Toxicity 
(mg 


a.e./kg 
bw/d) 


 Food Guild (Food Item) 


Maximum Nomogram Residues  Mean Nomogram Residues  


On-field 
EDE (mg 


a.e./kg bw) 
RQ 


Off-field 
(3% drift) 
EDE (mg 


a.e./kg 
bw) 


RQ 
On-field 
EDE (mg 


a.e./kg bw) 
RQ 


Off-field 
(3% drift) 
EDE (mg 


a.e./kg 
bw) 


RQ 


>319.63 Frugivore (fruit) 41.82 < 0.1 1.25 < 0.004 19.94 < 0.1 0.6 < 0.002 
> 319.63 Herbivore (short grass) 298.91 < 0.9 8.97 < 0.03 106.16 < 0.3 3.18 < 0.01 
> 319.63 Herbivore (long grass) 182.51 < 0.6 5.48 < 0.02 59.6 < 0.2 1.79 < 0.01 
> 319.63 Herbivore (Broadleaf plants) 276.56 < 0.9 8.3 < 0.03 91.42 < 0.3 2.74 < 0.01 


Dietary 


> 258.00 Insectivore 135.1 < 0.5 4.05 < 0.02 93.29 < 0.4 2.8 < 0.01 
> 258.00 Granivore (grain and seeds) 20.91 < 0.1 0.63 < 0.002 93.29 < 0.4 0.3 < 0.001 
> 258.00 Frugivore (fruit) 41.82 < 0.2 1.25 < 0.005 19.94 < 0.1 0.6 < 0.002 
> 258.00 Herbivore (short grass) 298.91 < 1.2 8.97 < 0.03 106.16 < 0.4 3.18 < 0.01 
> 258.00 Herbivore (long grass) 182.51 < 0.7 5.48 < 0.02 59.6 < 0.2 1.79 < 0.01 
> 258.00 Herbivore (Broadleaf plants) 276.56 < 1.1 8.3 < 0.03 91.42 < 0.4 2.74 < 0.01 


Reproduction 


291 Insectivore 135.1 0.5 4.05 0.01 93.29 0.3 2.8 0.01 
291 Granivore (grain and seeds) 20.91 0.1 0.63 0.002 93.29 0.3 0.3 0.001 
291 Frugivore (fruit) 41.82 0.1 1.25 0.004 19.94 0.1 0.6 0.002 
291 Herbivore (short grass) 298.91 1.0 8.97 0.03 106.16 0.4 3.18 0.01 
291 Herbivore (long grass) 182.51 0.6 5.48 0.02 59.6 0.2 1.79 0.01 
291 Herbivore (Broadleaf plants) 276.56 1.0 8.3 0.03 91.42 0.3 2.74 0.01 


Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.22 Screening Level Risk Assessment for Glyphosate Formulations Exposed to Wild Birds and Mammals – Single 
Application Rate 


 


 Exposure Toxicity (mg a.e/kg 
bw/d) Feeding Guild (Food Item) EDE (mg a.e/kg bw) RQ 


Small Bird (0.02 kg)  
Acute 113.1 Insectivore 351.63 3.1 
Reproduction n/a Insectivore 351.63 n/a 
Medium-Sized Bird (0.1 kg)  
Acute 113.1 Insectivore 274.41 2.4 
Reproduction n/a Insectivore 274.41 n/a 
Large-Sized Bird (1 kg)  
Acute 113.1 Herbivore (short grass) 177.25 1.6 
Reproduction n/a Herbivore (short grass) 177.25 n/a 
Small Mammal (0.015 kg)  
Acute 35.7 Insectivore 202.25 5.7 
Reproduction n/a Insectivore 202.25 n/a 
Medium-Sized Mammal (0.035 kg) 
Acute 35.7 Herbivore (short grass) 392.25 11 
Reproduction n/a Herbivore (short grass) 392.25 n/a 
Large-Sized Mammal (1 kg) 
Acute 35.7 Herbivore (short grass) 209.59 5.9 
Reproduction  n/a Herbivore (short grass) 209.59 n/a 
Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.23 Further Characterization of Risks of Glyphosate Formulations to Wild Birds – Single Application Rate 


      Maximum Nomogram Residues Mean Nomogram Residues 


  


Toxicity 
(mg 


a.e./kg 
bw/d) 


Food Guild (food item) 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


Small Bird (0.02 kg) 


Acute 
113.1 Insectivore 351.63 3.1 10.55 0.09 242.79 2.2 7.28 0.06 
113.1 Granivore (grain and seeds) 54.42 0.5 1.63 0.01 25.95 0.23 0.78 0.01 
113.1 Frugivore (fruit) 108.84 0.96 3.27 0.03 51.91 0.46 1.56 0.01 


Dietary 
> 18.70 Insectivore 351.63 < 18.8 10.55 < 0.6 242.79 < 13.0 7.28 < 0.4 
> 18.70 Granivore (grain and seeds) 54.42 < 2.9 1.63 < 0.09 25.95 < 1.4 0.78 < 0.04 
> 18.70 Frugivore (fruit) 108.84 < 5.8 3.27 < 0.2 51.91 < 2.8 1.56 < 0.08 


Medium-Sized Bird (0.1 kg) 


Acute 
113.1 Insectivore 274.41 2.4 8.23 0.07 189.47 1.7 5.68 0.05 
113.1 Granivore (grain and seeds) 42.47 0.4 1.27 0.01 20.25 0.18 0.61 0.01 
113.1 Frugivore (fruit) 84.94 0.8 2.55 0.02 40.51 0.36 1.22 0.01 


Dietary 
> 18.70 Insectivore 274.41 <14.7 8.23 < 0.4 189.47 < 10.1 5.68 < 0.30 
> 18.70 Granivore (grain and seeds) 42.47 < 2.3 1.27 < 0.07 20.25 < 1.1 0.61 < 0.03 
> 18.70 Frugivore (fruit) 84.94 < 4.5 2.55 < 0.1 40.51 < 2.2 1.22 < 0.06 


Large-Sized Bird (1 kg) 


Acute 


113.1 Insectivore 80.12 0.7 2.4 0.02 55.32 0.5 1.66 0.01 
113.1 Granivore (grain and seeds) 12.4 0.1 0.37 0.003 55.32 0.5 0.18 0.002 
113.1 Frugivore (fruit) 24.8 0.2 0.74 0.01 11.83 0.1 0.35 0.003 
113.1 Herbivore (short grass) 177.25 1.6 5.32 0.05 62.95 0.6 1.89 0.02 
113.1 Herbivore (long grass) 108.23 0.96 3.25 0.03 35.34 0.3 1.06 0.01 
113.1 Herbivore (Broadleaf plants) 164 1.5 4.92 0.04 54.21 0.5 1.63 0.01 


Dietary 
> 18.70 Insectivore 80.12 < 4.3 2.4 < 0.1 55.32 < 3.0 1.66 < 0.09 
> 18.70 Granivore (grain and seeds) 12.4 < 0.7 0.37 < 0.02 55.32 <3.0 0.18 < 0.01 
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      Maximum Nomogram Residues Mean Nomogram Residues 


  


Toxicity 
(mg 


a.e./kg 
bw/d) 


Food Guild (food item) 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


> 18.70 Frugivore (fruit) 24.8 < 1.3 0.74 < 0.04 11.83 < 0.6 0.35 < 0.02 
> 18.70 Herbivore (short grass) 177.25 < 9.5 5.32 < 0.3 62.95 < 3.4 1.89 < 0.1 
> 18.70 Herbivore (long grass) 108.23 < 5.8 3.25 < 0.2 35.34 < 1.9 1.06 < 0.06 
> 18.70 Herbivore (Broadleaf plants) 164 < 8.8 4.92 < 0.3 54.21 < 2.9 1.63 < 0.09 


Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 
Table X.24 Further Characterization of the Risk of Glyphosate Technical to Wild Mammals 


      Maximum Nomogram Residues Mean Nomogram Residues 


  


Toxicity 
(mg 


a.e./kg 
bw/d) 


Food Guild (Food Item) 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


Small Mammal (0.015 kg) 
Acute – 


most 
sensitive 
endpoint 


156.8 Insectivore 341.06 2.2 10.23 0.07 235.49 1.5 7.06 0.05 
156.8 Granivore (grain and seeds) 52.78 0.3 1.58 0.01 25.17 0.2 0.76 0.007 
156.8 Frugivore (fruit) 105.57 0.7 3.17 0.02 50.35 0.3 1.51 0.01 


Acute – 
least 


sensitive 
endpoint 


560 Insectivore 341.06 0.6 10.23 0.02 235.49 0.4 7.06 0.01 
560 Granivore (grain and seeds) 52.78 0.09 1.58 0.003 25.17 0.04 0.76 0.001 
560 Frugivore (fruit) 105.57 0.2 3.17 0.01 50.35 0.09 1.51 0.003 


Medium-Sized Mammal (0.035 kg) 
Acute – 


most 
sensitive 
endpoint 


156.8 Insectivore 298.98 1.9 8.97 0.06 206.44 1.3 6.19 0.04 
156.8 Granivore (grain and seeds) 46.27 0.3 1.39 0.009 22.07 0.1 0.66 0.004 
156.8 Frugivore (fruit) 92.54 0.6 2.78 0.02 44.13 0.3 1.32 0.008 
156.8 Herbivore (short grass) 661.47 4.2 19.84 0.1 234.92 1.5 7.05 0.04 
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      Maximum Nomogram Residues Mean Nomogram Residues 


  


Toxicity 
(mg 


a.e./kg 
bw/d) 


Food Guild (Food Item) 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


156.8 Herbivore (long grass) 403.88 2.6 12.12 0.08 131.88 0.8 3.96 0.03 
156.8 Herbivore (broadleaf plants) 612.01 3.9 18.36 0.1 202.32 1.3 6.07 0.04 


Acute – 
least 


sensitive 
endpoint 


560 Insectivore 298.98 0.5 8.97 0.02 206.44 0.4 6.19 0.01 
560 Granivore (grain and seeds) 46.27 0.08 1.39 0.002 22.07 0.04 0.66 0.001 
560 Frugivore (fruit) 92.54 0.2 2.78 0.005 44.13 0.08 1.32 0.002 
560 Herbivore (short grass) 661.47 1.2 19.84 0.04 234.92 0.4 7.05 0.01 
560 Herbivore (long grass) 403.88 0.7 12.12 0.02 131.88 0.2 3.96 0.01 
560 Herbivore (broadleaf plants) 612.01 1.1 18.36 0.03 202.32 0.4 6.07 0.01 


Large-Sized Mammal (1 kg) 


Acute – 
most 


sensitive 
endpoint 


156.8 Insectivore 159.75 1 4.79 0.03 110.31 0.7 3.31 0.02 
156.8 Granivore (grain and seeds) 24.72 0.2 0.74 0.005 11.79 0.08 0.35 0.002 
156.8 Frugivore (fruit) 49.45 0.3 1.48 0.01 23.58 0.2 0.71 0.005 
156.8 Herbivore (short grass) 353.45 2.3 10.6 0.07 125.52 0.8 3.77 0.02 
156.8 Herbivore (long grass) 215.81 1.4 6.47 0.04 70.47 0.4 2.11 0.01 
156.8 Herbivore (broadleaf plants) 327.01 2.1 9.81 0.06 108.1 0.7 3.24 0.02 


Acute – 
least 


sensitive 
endpoint 


560 Insectivore 159.75 0.3 4.79 0.01 110.31 0.2 3.31 0.01 
560 Granivore (grain and seeds) 24.72 0.04 0.74 0.001 11.79 0.02 0.35 0.001 
560 Frugivore (fruit) 49.45 0.09 1.48 0.003 23.58 0.04 0.71 0.001 
560 Herbivore (short grass) 353.45 0.6 10.6 0.02 125.52 0.2 3.77 0.01 
560 Herbivore (long grass) 215.81 0.4 6.47 0.01 70.47 0.1 2.11 0.004 
560 Herbivore (broadleaf plants) 327.01 0.6 9.81 0.02 108.1 0.2 3.24 0.01 


Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.25 Further Characterization of Risks of Glyphosate Formulations to Wild Mammals – Single Application Rate 


      Maximum Nomogram Residues Mean Nomogram Residues 


  


Toxicity 
(mg 


a.e./kg 
bw/d) 


Food Guild (Food Item) 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


Small Mammal (0.015 kg) 
Acute – 


most 
sensitive 
endpoint 


35.7 Insectivore 202.25 5.7 6.07 0.2 139.65 3.9 4.19 0.1 
35.7 Granivore (grain and seeds) 31.3 0.9 0.94 0.03 14.93 0.4 0.45 0.01 
35.7 Frugivore (fruit) 62.6 1.7 1.88 0.05 29.86 0.8 0.9 0.03 


Acute – 
least 


sensitive 
endpoint  


> 400.00 Insectivore 202.25 < 0.5 6.07 < 0.02 139.65 < 0.35 4.19 < 0.01 
> 400.00 Granivore (grain and seeds) 31.3 < 0.08 0.94 < 0.002 14.93 < 0.04 0.45 < 0.001 
> 400.00 Frugivore (fruit) 62.6 < 0.2 1.88 < 0.005 29.86 < 0.07 0.9 < 0.002 


Medium-Sized Mammal (0.035 kg) 


Acute – 
most 


sensitive 
endpoint 


35.7 Insectivore 177.29 5 5.32 0.1 122.42 3.4 3.67 0.1 
35.7 Granivore (grain and seeds) 27.44 0.8 0.82 0.02 13.09 0.4 0.39 0.01 
35.7 Frugivore (fruit) 54.88 1.5 1.65 0.05 26.17 0.7 0.79 0.02 
35.7 Herbivore (short grass) 392.25 11 11.77 0.3 139.3 3.9 4.18 0.1 
35.7 Herbivore (long grass) 239.5 6.7 7.19 0.2 78.2 2.2 2.35 0.07 
35.7 Herbivore (broadleaf plants) 362.92 10.2 10.89 0.3 119.97 3.4 3.6 0.1 


Acute – 
least 


sensitive 
endpoint 


> 400.00 Insectivore 177.29 < 0.4 5.32 < 0.01 122.42 < 0.3 3.67 < 0.01 
> 400.00 Granivore (grain and seeds) 27.44 < 0.07 0.82 < 0.002 13.09 < 0.03 0.39 < 0.001 
> 400.00 Frugivore (fruit) 54.88 < 0.1 1.65 < 0.004 26.17 < 0.07 0.79 < 0.002 
> 400.00 Herbivore (short grass) 392.25 <0.98 11.77 < 0.03 139.3 < 0.4 4.18 < 0.01 
> 400.00 Herbivore (long grass) 239.5 < 0.6 7.19 <0.02 78.2 < 0.2 2.35 < 0.01 
> 400.00 Herbivore (broadleaf plants) 362.92 < 0.9 10.89 <0.03 119.97 < 0.3 3.6 < 0.01 
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      Maximum Nomogram Residues Mean Nomogram Residues 


  


Toxicity 
(mg 


a.e./kg 
bw/d) 


Food Guild (Food Item) 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


On-field 
EDE (mg 


a.e./kg 
bw) 


RQ 


Off-field 
(3% 
drift) 


EDE (mg 
a.e./kg 


bw) 


RQ 


Large-Sized Mammal (1 kg) 


Acute – 
most 


sensitive 
endpoint 


35.7 Insectivore 94.73 2.6 2.84 0.08 65.41 1.8 1.96 0.06 
35.7 Granivore (grain and seeds) 14.66 0.4 0.44 0.01 6.99 0.2 0.21 0.006 
35.7 Frugivore (fruit) 29.32 0.8 0.88 0.02 13.98 0.4 0.42 0.01 
35.7 Herbivore (short grass) 209.59 5.9 6.29 0.2 74.44 2.1 2.23 0.06 
35.7 Herbivore (long grass) 127.97 3.6 3.84 0.1 41.79 1.2 1.25 0.04 
35.7 Herbivore (broadleaf plants) 193.92 5.4 5.82 0.2 64.11 1.8 1.92 0.05 


Acute – 
least 


sensitive 
endpoint 


> 400.00 Insectivore 94.73 < 0.2 2.84 < 0.01 65.41 < 0.2 1.96 < 0.005 
> 400.00 Granivore (grain and seeds) 14.66 < 0.04 0.44 < 0.001 6.99 < 0.02 0.21 < 0.001 
> 400.00 Frugivore (fruit) 29.32 < 0.07 0.88 < 0.002 13.98 < 0.03 0.42 < 0.001 
> 400.00 Herbivore (short grass) 209.59 < 0.5 6.29 < 0.02 74.44 < 0.2 2.23 < 0.01 
> 400.00 Herbivore (long grass) 127.97 < 0.3 3.84 < 0.01 41.79 < 0.1 1.25 < 0.003 
> 400.00 Herbivore (broadleaf plants) 193.92 < 0.5 5.82 < 0.01 64.11 < 0.2 1.92 < 0.005 


1EDE = Estimated dietary exposure; is calculated using the following formula: (FIR/BW) × EEC, where: FIR: Food Ingestion Rate (Nagy, 1987). For mammals, 
the “all mammals” equation was used: FIR (g dry weight/day) = 0.235(BW in g) 0.822. 
BW: Generic Body Weight ; EEC: Concentration of pesticide on food item based on Hoerger and Kenaga (1972) and Kenaga (1973) and modified according to 
Fletcher et al. (1994). At the screening level, relevant food items representing the most conservative EEC are used. 
Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.26 Risk Assessment (In-field and Off-field) and Risk Quotients for Terrestrial Vascular Plants (Seedling 
Emergence and Vegetative Vigour) at the Maximum Rate of Application for Glyphosate in Different Crop 
Productions 


Organism Exposure Endpoint Value Crop EEC RQ1 


Vascular 
Plants 


Seedling 
emergence EC50: 3.25 kg a.e./ha 


Apple 
In-field: 9.55 kg a.e./ha 2.9 
Off-field (ground application, 3% drift): 0.287 kg 
a.e./ha 0.09 


Canola 


In-field: 7.812 kg a.e./ha 2.4 
Off-field (ground application, 3% drift): 0.234 kg 
a.e./ha 0.07 


Off-field (aerial application, 17% drift): 1.328 kg 
a.e./ha 0.4 


Corn 
In-field: 7.528 kg a.e./ha 2.3 
Off-field (ground application, 3% drift): 0.226 kg 
a.e./ha 0.07 


Potato 
In-field: 4.32 kg a.e./ha 1.3 
Off-field (ground application, 3% drift): 0.13 kg 
a.e./ha 0.04 


Vegetative 
vigour – 


formulations 
without POEA 


EC50 value: 
0.014 kg a.e./ha  


Apple 
 


In-field: 7.285 kg a.e./ha 520.4 
Off-field (ground application, 3% drift): 0.219 kg 
a.e./ha 15.6 


Canola 


In-field: 6.99 kg a.e./ha 499.3 
Off-field (ground application, 3% drift): 0.21 kg 
a.e./ha 15.0 


Off-field (aerial application, 17% drift): 1.19 kg 
a.e./ha 85.0 


Corn 
In-field: 6.522 kg a.e./ha 465.9 
Off-field (ground application, 3% drift): 0.196 kg 
a.e./ha 14.0 


Potato 
In-field: 4.32 kg a.e./ha 308.6 
Off-field (ground application, 3% drift): 0.13 kg 
a.e./ha 9.3 


Vegetative 
vigour – 


formulations 


HC5 of SSD for 2 × EC25 
values:  


0.069 kg a.e./ha 
Apple 


In-field: 7.285 kg a.e./ha 105.6 
Off-field (ground application, 3% drift): 0.219 kg 
a.e./ha 3.2 
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Organism Exposure Endpoint Value Crop EEC RQ1 


with POEA 


Canola 


In-field: 6.99 kg a.e./ha 101.3  
Off-field (ground application, 3% drift): 0.21 kg 
a.e./ha 3.0 


Off-field (aerial application, 17% drift): 1.19 kg 
a.e./ha 17.2 


Corn 
In-field: 6.522 kg a.e./ha 94.5 
Off-field (ground application, 3% drift): 0.196 kg 
a.e./ha 2.8 


Potato 
In-field: 4.32 kg a.e./ha 62.6 
Off-field (ground application, 3% drift): 0.13 kg 
a.e./ha 1.9 


1 Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 
Table X.27 Screening Level Risk Assessment of Glyphosate Technical, Glyphoate Formulations, the Transformation 


Product AMPA and the Formulant POEA to Aquatic Organisms Following Ground Boom Application in 
Different Crop Productions 


Test Material Exposure Endpoint Value  
(mg a.e./L)  Crop Application Rate/Interval Depth 


(cm) 


EEC  
(mg 


a.e./L) 
RQ1 


Freshwater Invertebrates 
Technical 
grade active 
ingredient 


Acute HC5: 16.9  


Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 


80 


1.5 


0.09 


Chronic NOEC: 7.14  0.2 


EUP Non-
POEA 


Acute HC5: 30.5 0.05 
Chronic ½ EC50: 21.9 0.07 


EUP With 
POEA 


Acute HC5: 0.19  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 7.9  


Potato 4320 g a.e./ha 0.5 2.6 


Chronic NOEC: 0.27  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 5.6 


Potato 4320 g a.e./ha 0.5 1.9 
POEA  Acute HC5: 0.0041 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 0.51 124 
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Test Material Exposure Endpoint Value  
(mg a.e./L)  Crop Application Rate/Interval Depth 


(cm) 


EEC  
(mg 


a.e./L) 
RQ1 


mg/L at 14 d 
Potato 1967 g a.e./ha 0.25 61 


Chronic ½ EC50: 0.85 
mg/L 


Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 
at 14 d 0.51 0.6 


Potato 1967 g a.e./ha 0.25 0.29  


AMPA Acute ½ EC50: 204 
mg/L Apple 2837 g a.e./ha × 2 + 2600 g a.e./ha 


at 14 d 0.9 0.004 


Snails 
Technical 
grade active 
ingredient 


Chronic NOEC: 1000  
Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 


at 14 d 


15 


8.2 


0.01 


EUP Non-
POEA Chronic NOEC: 29.6  0.28 


EUP With 
POEA 


Acute ½ LC50: 1.15  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 7.1 


Potato 4320 g a.e./ha 2.88 2.5 


Chronic NOEC: 8.6  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 8.2 0.95 


Freshwater Fish 
Technical 
grade active 
ingredient 


Acute  HC5: 80.4 Apple 


4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 


80  


  
  


1.5 
  
  


0.02 


Chronic NOEC: 25.7 Apple 0.06 


EUP Non-
POEA Acute  1/10 LC50: 12.2 Apple 0.12 


EUP With 
POEA 


Acute  HC5: 1.74 Apple 0.86 


Chronic NOEC: 0.36 Apple 4.2 
Potato 4320 g a.e./ha 0.5 1.4 


POEA  Acute HC5: 0.26 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 
at 14 d 0.51 2 


AMPA Acute 1/10 LC50: 29.7 Apple 2837 g a.e./ha × 2 + 2600 g a.e./ha 
at 14 d 0.9 0.03 
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Test Material Exposure Endpoint Value  
(mg a.e./L)  Crop Application Rate/Interval Depth 


(cm) 


EEC  
(mg 


a.e./L) 
RQ1 


Freshwater Algae 
Technical 
grade active 
ingredient 


Acute  HC5: 6.6 
Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 


at 14 d 


80 


1.5 
0.23 


Chronic HC5: 118 0.01 


EUP Non-
POEA Acute  ½ EC50: 0.06 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 


at 14 d 1.5 25 


Potato 4320 g a.e./ha 0.5 8.3 


EUP With 
POEA 


Acute  ½ EC50: 4.6 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 0.32 


Chronic HC5: 0.42 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 3.6 


Potato 4320 g a.e./ha 0.5 1.2  
POEA 
ALONE Acute ½ EC50: 1.7 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 


at 14 d 0.51 0.3 


AMPA Acute  ½ EC50: 71.5 Apple 2837 g a.e./ha × 2 + 2600 g a.e./ha 
at 14 d 0.9 0.01 


Freshwater Plants 
Technical 
grade active 
ingredient 


Acute  ½ EC50: 10.6 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 


80 


1.5 0.14 


EUP Non-
POEA Acute  ½ EC50: 3.85 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 


at 14 d 1.5 0.39 


EUP With 
POEA Acute  HC5: 0.003 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 


at 14 d 1.5 500 


Potato 4320 g a.e./ha 0.5 167 
Amphibians Lab Data 


Technical 
grade active 
ingredient 


Acute HC5: 15  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 


15 


8.2 0.55 


Chronic 42-d NOEC: 1.8  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 8.2 4.6 


Potato 4320 g a.e./ha 2.9 1.6 
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Test Material Exposure Endpoint Value  
(mg a.e./L)  Crop Application Rate/Interval Depth 


(cm) 


EEC  
(mg 


a.e./L) 
RQ1 


EUP Non-
POEA Acute HC5: 18 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 


at 14 d 8.2 0.46 


EUP With 
POEA 


Acute HC5: 0.93 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 8.2 8.8 


Potato 4320 g a.e./ha 2.9 3.1 


Chronic HC5: 0.86 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 8.2 9.5 


Potato 4320 g a.e./ha 2.9 3.4 
Amphibian Field Mesocosm Data 


EUP With 
POEA 


Acute HC5: 2.29  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 


15 


8.2 3.6 


Potato 4320 g a.e./ha 2.9 1.3 


Chronic HC5 : 1.36  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 8.2 6.0 


Potato 4320 g a.e./ha 2.9 2.1 
Marine/Estuarine Invertebrates 
Technical 
grade active 
ingredient 


Acute HC5: 0.3  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 


80 


1.5 5 


Potato 4320 g a.e./ha 0.5 1.7 
EUP Non-
POEA Acute ½ EC50: 11.6 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 


at 14 d 1.5 0.13 


EUP With 
POEA Acute HC5: 0.01 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 


at 14 d 1.5 150 


Potato 4320 g a.e./ha 0.5 50  


POEA  Acute ½ EC50: 0.3 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 
at 14 d 0.51 1.7 


Potato 1967 g a.e./ha 0.25 0.83 


AMPA Acute ½ EC50: > 48.5 Apple 2837 g a.e./ha × 2 + 2600 g a.e./ha 
at 14 d 0.9 < 0.02 
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Test Material Exposure Endpoint Value  
(mg a.e./L)  Crop Application Rate/Interval Depth 


(cm) 


EEC  
(mg 


a.e./L) 
RQ1 


Marine/Estuarine Fish 


Technical 
grade active 
ingredient 


Acute HC5: 23  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 


80 


1.5 0.06 


Chronic NOEC: 0.1 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 15 


Potato 4320 g a.e./ha 0.5 5 
EUP Non-
POEA Acute 1/10 LC50: 14  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 


at 14 d 1.5 0.11 


EUP With 
POEA Acute HC5: 3.0 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 


at 14 d 1.5 0.5 


Potato 4320 g a.e./ha 0.5 0.17 


POEA  Acute HC5: 2.1 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 
at 14 d 0.51 0.24 


Potato 1967 g a.e./ha 0.25 0.12 
Marine/Estuarine Algae 


Technical 
grade active 
ingredient 


Acute ½ EC50: 1.6  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 


80 


1.5 0.94 


Chronic HC5: 28.4 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 0.05  


EUP With 
POEA 


Acute ½ EC50: 1.7 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 0.88 


Chronic HC5: 0.33 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 4.4 


Potato 4320 g a.e./ha 0.5 2.9 


POEA  Acute ½ EC50: 0.93 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 
at 14 d 0.51 0.55 


1Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 
Refined Risk Assessment on Non-Target Aquatic Species 
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Table X.28 Further Risk Characterization of Glyphosate Technical, Glyphosate Formulations, Transformation Product 
AMPA and the Formulant POEA Exposed to Aquatic Organisms Following Drift from Ground Boom or Aerial 
Applications in Different Crop Productions  


 


Test Material Exposure 
Endpoint 


Value  
(mg ae/L) 


Use Scenario Application Rate  
(g ae/ha) 


EEC 


(mg a.e/L) RQ LOC 
Exceeded 


Freshwater Invertebrates 


EUP With POEA 
Acute HC5: 0.19 


Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 1.1 Yes 
Ground (potato) 4320 0.02 0.11 No 


Chronic NOEC :0.27 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 0.74 No 
Ground (potato) 4320 0.02 0.07 No 


POEA Acute HC5: 0.0041 Aerial (canola) 1967 + 1967 + 411 at 10 d 0.066 16.1 Yes 
Ground (potato) 1967 0.0075  1.8 Yes 


Freshwater Snails 


EUP With POEA Acute ½ LC50: 1.15 Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 0.92 No 
Ground (potato) 4320 0.09 0.08 No 


Freshwater Fish 


EUP With POEA Chronic NOEC :0.36 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 0.56 No 
Ground (potato) 4320 0.02 0.06 No 


POEA  Acute HC5: 0.26 Aerial (canola) 1967 + 1967 + 411 at 10 d 0.066 0.25 No 
Amphibian Laboratory Data 


Technical grade active ingredient Chronic NOEC: 1.8 
Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 0.59 No 
Ground (potato) 4320 0.09 0.05 No 


EUP With POEA 
Acute HC5: 0.93 Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 1.1 Yes 


Ground (potato) 4320 0.09 0.1 No 


Chronic HC5: 0.86 Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 1.2 Yes 
Ground (potato) 4320 0.09 0.1 No 


Amphibian Field Mesocosm Data 


EUP With POEA 
Acute HC5: 2.29 


Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 0.5 No 
Ground (potato) 4320 0.09 0.04 No 


Chronic HC5: 1.36 Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 0.8 No 
Ground (potato) 4320 0.09 0.07 No 


  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 224 


2372Appeal Book, Tab 29







Appendix X 


Test Material Exposure 
Endpoint 


Value  
(mg ae/L) 


Use Scenario Application Rate  
(g ae/ha) 


EEC 


(mg a.e/L) RQ LOC 
Exceeded 


Freshwater Algae 


EUP Non-POEA Acute ½ EC50: 0.06 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 3.3 Yes 
Ground (potato) 4320 0.02 0.33 No 


EUP With POEA Chronic HC5: 0.42 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 0.48 No 
Ground (potato) 4320 0.02 0.05 No  


Freshwater Plants 


EUP With POEA Acute HC5:0.003 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 67 Yes 
Ground (potato) 4320 0.02 6.7 Yes 


Marine/Estuarine Invertebrates 


Technical grade active ingredient Acute HC5: 0.3 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 0.67 No 
Ground (potato) 4320 0.02 0.07 No 


EUP With POEA Acute HC5: 0.01 
Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 20 Yes 
Ground (potato) 4320 0.02 2 Yes 


POEA  Acute ½ EC50: 0.3 Aerial (canola) 1967 + 1967 + 411 at 10 d 0.066 0.22 No 
Ground (potato) 1967 0.008 0.03 No 


Marine/Estuarine Fish 


Technical grade active ingredient Chronic NOEC: 0.1 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 2 Yes 
Ground (potato) 4320 0.02 0.2 No 


Marine/Estuarine Algae 


EUP With POEA Chronic HC5: 0.33 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 0.6 No 
Ground (potato) 4320 0.02 0.12 No 


Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 


  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 225 


2373Appeal Book, Tab 29







Appendix X 


Table X.29 Further Risk Characterization of Glyphosate Technical and Glyphosate Formulations Exposed to Aquatic 
Organisms Following Runoff in Different Crop Productions 


Test Material Exposure Endpoint Value  
(mg ag/L)  


Crop-Region  
(Use Rate g a.e./ha, Application 


Interval) 


EEC  
(mg a.e./L)  RQ LOC  


Exceeded 


Freshwater Organisms 
Freshwater Invertebrates 


EUP With POEA Acute HC5: 0.19 Potato – PEI (4320) 0.096 0.51 No 
Chronic NOEC: 0.27 0.078 0.29 No 


Freshwater Snails 
EUP With POEA Acute ½ EC50: 1.15  Potato – PEI (4320) 0.096 0.08 No 
Freshwater Fish 


EUP With POEA Chronic NOEC: 0.36 Potato – PEI (4320) 0.091 0.25 No 
Apple – BC (2 × 4320 +3960, 14 d) 0.003 0.01 No 


Freshwater Amphibians 


EUP With POEA 


Laboratory Data 


Acute HC5: 0.93 Potato – PEI (4320) 0.159 0.17 No 
Apple – BC (2 × 4320 +3960, 14 d) 0.006 0.01 No 


Chronic HC5: 0.86 Potato- PEI (4320) 0.102 0.12 No 
Apple – BC (2 × 4320 +3960, 14 d) 0.002 < 0.01 No 


Field Mesocosm Data 
Chronic HC5: 1.36 Potato – PEI (4320) 0.102 0.08 No 


Freshwater Algae 


EUP Non-POEA Acute HC5: 0.06 Potato – PEI (4320) 0.096 1.6 Yes 
Apple – BC (2 × 4320 +3960, 14 d) 0.003 0.05 No 


EUP With POEA Chronic HC5: 0.42  Potato – PEI (4320) 0.078 0.19 No 
Freshwater Plants 


EUP With POEA Acute HC5: 0.003  Potato – PEI (4320) 0.078 26 Yes 
Apple – BC (2 × 4320 +3960, 14 d) 0.002 0.67 No 


Marine/Estuarine Organisms 
Marine/Estuarine Invertebrates 


EUP With POEA Acute HC5: 0.01 
Potato – PEI (4320) 0.096 9.6 Yes 


Apple – BC (2 × 4320 +3960, 14 d) 0.003 0.3 No 
Marine/Estuarine Fish 
Technical grade active 
ingredient Chronic NOEC: 0.1 Potato – PEI (4320) 0.078 0.78 No 
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Test Material Exposure Endpoint Value  
(mg ag/L)  


Crop-Region  
(Use Rate g a.e./ha, Application 


Interval) 


EEC  
(mg a.e./L)  RQ LOC  


Exceeded 


Marine/estuarine algae 
EUP With POEA Chronic HC5: 0.33  Potato – PEI (4320) 0.078 0.23 No 


Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 
Table X.30 Further Risk Characterization of Glyphosate Technical, Glyphosate Formulations, Transformation Product 


AMPA and the Formulant POEA Exposed to Aquatic Organisms Using Freshwater Monitoring Data in 
Different Crop Productions 


Test Material Exposure Endpoint Value  
(mg ae/L) 


EEC  
(mg a.e./L) RQ LOC Exceeded 


Freshwater Invertebrate 


EUP With POEA 
Acute  HC5: 0.19 0.041 0.22 No 


Chronic NOEC: 0.27 0.041 0.15 No 
Freshwater Snails 
EUP With POEA Acute ½ EC50: 1.15 0.041 0.04 No 
Freshwater Fish 
EUP With POEA Chronic NOEC: 0.36 0.041 0.11 No 
Freshwater Amphibians 


EUP With POEA 
Acute HC5: 0.93 0.041 0.04 No 


Chronic HC5: 0.86 0.041 0.05 No 
Freshwater Algae 
EUP Non-POEA Acute HC5: 0.06 0.041 0.68 No 
EUP With POEA Chronic HC5: 0.42 0.041 0.1 No 
Freshwater Plants 
EUP With POEA Chronic HC5: 0.003 0.041 14 Yes  


Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). No monitoring data were available for marine/estuarine environment. 
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Appendix XI Glyphosate Aquatic Ecoscenario and Drinking Water 
Assessment 


 
Modelling Results 
 
Aquatic Ecoscenario Assessment: Level 1 Modelling 
 
For Level 1 aquatic ecoscenario assessment, estimated environmental concentrations (EECs) of 
glyphosate from runoff into a receiving water body were simulated using the PRZM/EXAMS 
models. The PRZM/EXAMS models simulate pesticide runoff from a treated field into an 
adjacent water body and the fate of a pesticide within that water body. For the Level 1 
assessment, the water body consists of a 1 ha wetland with an average depth of 0.8 m and a 
drainage area of 10 ha. A seasonal water body was also used to assess the risk to amphibians, as 
a risk was identified at the screening level. This water body is essentially a scaled-down version 
of the permanent water body noted above, but having a water depth of 0.15 m. EECs for 
glyphosate in pore water were also generated in a water body with an average depth of 0.8 m. 
  
A number of initial application dates between April and November were modelled. Table 2  
lists the application information and the main environmental fate characteristics used in the 
simulations. The EECs are for the portion of the pesticide that enters the water body via runoff 
only; deposition from spray drift is not included. The models were run for 50 years for all 
scenarios. The major groundwater and surface water model inputs for level 1 assessment  
used the combined residues of glyphosate and its transformation product AMPA as the most 
conservative values in potential sources of drinking water. The major input parameters for the 
model are summarized in TableXI.1. 
 
The EECs are calculated from the model output from each run as follows. For each year of  
the simulation, PRZM/EXAMS calculates peak (or daily maximum) and time-averaged 
concentrations. The time-averaged concentrations are calculated by averaging the daily 
concentrations over five time periods (96-hour, 21-day, 60-day, 90-day, and 1 year). The  
90th percentiles over each averaging period are reported as the EECs for that period.  
 
The largest EECs of all selected runs of a given use pattern/regional scenario are reported in 
Tables XI.3-5, Appendix XI.  
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Table XI.1 Major Groundwater and Surface Water Model Inputs for Level 1 
Assessment of Glyphosate and AMPA (Combined Residues) 


Type of Input Parameter Value 


Application 
Information 


Crop(s) to be treated Apple, potato, wheat, canola, corn, soybean, 
turf and sod, and other crops 


Maximum allowable 
application rate per year  
(g a.i./ha) 


12600 for apple 
10445 for corn 
9542 for canola, wheat and soybean 
4320 for potato and other crops 


Maximum rate each application 
(g a.i./ha) 4320 for all crops 


Maximum number of 
applications per year 


3 for apple, canola, wheat and soybean 
4 for corn 
1 for potato and other crops 


Minimum interval between 
applications (days) 


14 for apple and corn 
10 for canola, wheat and soybean 


Method of application 
Aerial and ground for drinking water 
modelling 
ground for ecological modelling 


Environmental 
Fate 
Characteristics 
 


Hydrolysis half-life at pH 7 
(days) 


Stable for the combined residue 
1627 for parent glyphosate 


Photolysis half-life in water 
(days) 216 


Adsorption KOC (mL/g) 


30 (20th percentile of 11 Kd values for 
“AMPA”) for drinking water modelling 
48.8 (20th percentile of 10 Kd values for 
“glyphosate”) for ecological modelling 


Aerobic soil biotransformation 
half-life (days) 


135.3 (90th percentile confidence bound on 
mean of 4 half-life values adjusted to 25ºC 
for the combined residue for drinking water 
modelling) 
32.6 (90th percentile confidence bound on 
mean of 7 half-life values adjusted to 25ºC 
for glyphosate for ecological modelling) 


Aerobic aquatic 
biotransformation half-life 
(days) 


637 (80th percentile of 3 half-life values for 
the combined residue for drinking water 
modelling)  
413.6 (80th percentile of 3 half-life values for 
glyphosate for ecological modelling) 


Anaerobic aquatic 
biotransformation half-life 
(days) 


617 (the only half-life value available for the 
combined residue for drinking water 
modelling)  
273 (the only half-life value available for 
glyphosate for ecological modelling) 
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Table XI.2 Crops, Rates Modelled at Level 1 Ecoscenario Modelling 


Region Crop Rate in kg a.e./ha; Application 
Interval in Days Scenario 


British Columbia Apple 12.6 (2 × 4.32 + 3.96; 14) Apple – BC 
Canola 9.542 (2 × 4.32 + 0.902; 10) Barley – AB 


Prairie 


Canola, wheat, 
soybean 


9.542 (2 × 4.32 + 0.902; 10) Wheat – MB 


Canola, wheat, 
soybean 


9.542 (2 × 4.32 + 0.902; 10) Wheat – SK 


Ontario Apple 12.6 (2 × 4.32 + 3.96; 14) Apple – ON 
Corn 10.445 (2 × 4.32 + 2x0.903; 14) Corn – ON 


Québec Apple 12.6 (2 × 4.32 + 3.96; 14) Apple – QC 
 
Table XI.3 Level 1 Aquatic Ecoscenario Modelling EECs (µg a.e./L) in Water Column 


for Glyphosate in a Water Body 0.8 m Deep, Excluding Spray Drift 


Crop – Region 
EEC (µg a.i./L) 


Peak 96-
Hour 


21-
Day 


60-Day 90-Day Yearly 


Apple – British Columbia 3.4 2.8 1.9 1.4 1.4 1.0 
Canola – British Columbia 38 33 24 23 23 19 
Canola, wheat, soybean – Manitoba 66 58 41 34 34 27 
Canola, wheat, soybean – 
Saskatchewan 


57 47 30 26 24 19 


Apple – Ontario 51 42 27 23 22 18 
Corn – Ontario 67 56 37 34 34 29 
Apple – Québec 38 32 21 20 19 13 
Corn – Québec 50 44 37 34 34 30 
Potato, soybean and others –  
Prince Edward Island 


96 91 78 73 70 58 


Maximum 96 91 78 73 70 58 
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Table XI.4 Level 1 Aquatic Ecoscenario Modelling EECs (µg a.e./L) in Water Column 
for Glyphosate in a Water Body 0.15 m Deep, Excluding Spray Drift 


Crop – Region 
EEC (µg a.i./L) 


Peak 96-
Hour 


21-
Day 


60-
Day 


90-
Day 


Yearly 


Apple – British Columbia 15 5.9 2.4 1.7 1.7 1.3 
Canola – British Columbia 160 68 31 28 28 23 
Canola, wheat, soybean – Manitoba 234 105 54 42 41 33 
Canola, wheat, soybean – 
Saskatchewan 


192 87 39 32 30 23 


Apple – Ontario 216 86 35 28 26 22 
Corn – Ontario 234 101 50 42 41 34 
Apple – Québec 170 65 27 24 23 16 
Corn – Québec 160 78 49 42 41 36 
Potato, soybean and others –  
Prince Edward Island 


255 159 102 89 85 70 


Maximum 255 159 102 89 85 70 
 
Table XI.5 Level 1 Aquatic Ecoscenario Modelling EECs (µg a.e./L) in Pore Water for 


Glyphosate in a Water Body 0.8 m Deep, Excluding Spray Drift 


Crop – Region 
EEC (µg a.i./L) 


Peak 96-
Hour 


21-
Day 


60-
Day 


90-
Day Yearly 


Apple – British Columbia 1.3 1.3 1.3 1.2 1.2 1.0 
Canola – British Columbia 21 21 21 20 20 19 
Canola, wheat, soybean – Manitoba 34 34 34 34 34 25 
Canola, wheat, soybean  – 
Saskatchewan 


22 22 22 22 22 19 


Apple – Ontario 21 21 21 21 21 18 
Corn – Ontario 32 32 32 32 32 28 
Apple – Québec 17 17 17 17 16 13 
Corn – Québec 33 33 33 33 32 29 
Potato, soybean and others –  
Prince Edward Island 


67 67 67 66 65 57 


Maximum 67 67 67 66 65 57 
 
Estimated Concentrations in Drinking Water Sources: Level 1 and Level 2 Modelling 
 
A Level 1 drinking water assessment was conducted using conservative assumptions with respect 
to environmental fate, application rate and timing, and geographic scenario.  The Level 1 EEC 
estimate is expected to allow for future use expansion into other crops at this application rate.  
Table 1 lists the application information and main environmental fate characteristics used in the 
simulations.  
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A number of initial application dates between March and November were modelled. The model 
was run for 50 years for all scenarios. The largest EECs of all selected runs are reported in  
Table XI.6 below. 
 
Table XI.6 Level 1 Estimated Environmental Concentrations of the Combined Residue 


(Glyphosate and AMPA) in Potential Drinking Water 


Compound 
 


Groundwater EEC 
(µg a.i./L) 


Surface Water EEC 
(µg a.i./L) 


Reservoir Dugout 
Daily1 Yearly2 Daily3 Yearly4 Daily3 Yearly4 


Glyphosate and 
AMPA 0 0 299 136 1647 1538 


  
1 90th percentile of daily average concentrations. 
2 90th percentile of yearly average concentrations. 
3 90th percentile of yearly peak concentrations. 
4 90th percentile of yearly average concentrations. 


 
A Level 2 drinking water assessment was conducted using conservative assumptions with  
respect to environmental fate, but using crop specific application rate and timing, and geographic 
scenario.  The Level 2 EEC estimates are therefore not expected to allow for future use 
expansion into other crops.  
 
A number of initial application dates between March and November were modelled. The model 
was run for 50 years for all scenarios. The largest EECs of all selected runs are reported in 
Table 7 that follows. 
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Table XI.7 Level 2 Estimated Environmental Concentrations of the Combined Residue 
(Glyphosate and AMPA) in Potential Drinking Water 


Crop Groundwater EEC 
(µg a.i./L) 


Surface Water EEC 
(µg a.i./L) 


Reservoir Dugout 
Daily1 Yearly2 Daily3 Yearly4 Daily3 Yearly4  


Apple 
 


NM5 NM5 150 105 
 


NM5 NM5 
 


Corn 
 


NM5 NM5 131 71 
 


NM5 NM5 
 
Wheat, canola 
and soybean 


 
NM5 NM5 


 
267 


 
197 


 
843 780 


 
Potato and 
other crops 


 
NM5 NM5 68 44 


 
NM5 NM5 


 
1 90th percentile of daily average concentrations. 
2 90th percentile of yearly average concentrations. 
3 90th percentile of yearly peak concentrations. 
4 90th percentile of yearly average concentrations. 
5 NM – not modelled. 


 
Water Monitoring Data 
 
Glyphosate is registered for use in agriculture, forestry and some domestic uses across Canada. 
The major environmental transformation product of glyphosate is AMPA (aminomethyl 
phosphonic acid). Polyoxyethyleneamine (POEA) is used as a surfactant in some end-use 
products containing glyphosate. POEA has been found to be toxic to aquatic organisms. 
 
A search for water monitoring data on glyphosate, AMPA and POEA was conducted. Canadian 
water monitoring data on glyphosate and AMPA were available from various relevant regions  
in several provinces across the country. No Canadian monitoring data were available for the 
surfactant POEA. 
 
United States databases were also searched for monitoring of glyphosate, AMPA and POEA in 
water. Data on residues present in water samples taken in the United States are important to 
consider in the Canadian water assessment given the extensive monitoring programs that exist  
in the United States. Local weather patterns, runoff events, circumstantial hydrogeology as well 
as testing and reporting methods are probably more important influences on residue data than 
Northern versus Southern climate. Regarding climate, if temperatures are cooler, residues may 
break down more slowly. Alternatively, if temperatures are warmer, growing seasons may be 
longer and pesticide inputs may be more numerous and frequent. 
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In the United States, monitoring data were available from the US Geological Survey National 
Water Quality Assessment program (NAWQA) database, the US Environmental Protection 
Agency’s Storage and Retrieval (STORET) data warehouse, the California Department of 
Pesticide Regulation database, and some published literature. Neither glyphosate nor AMPA 
were part of the analyte lists in the US Department of Agriculture Pesticide Data Program 
(USDA, PDP) and the US Geological Survey National Stream Quality Accounting Network 
(NASQAN) program. No monitoring data were available for the surfactant POEA in any of the 
US sources searched. 
 


For the purposes of the drinking water assessment, information was extracted from the 
available sources, tabulated and sorted into categories as follows: 


1. Residues in known drinking water sources (both surface and groundwater). 
2. Residues in ambient water that may serve as a drinking water source (both surface and 


groundwater). 
3. Residues in ambient water that are unlikely to serve as a drinking water source. 


 
Discussions and Conclusions  
 
Overall, available data indicate that glyphosate and AMPA are monitored routinely in 
groundwater and surface waters in many use areas of Canada and the United States.  
 
Glyphosate and AMPA are seldom detected in groundwater. This is expected as both compounds 
have high Kd and Koc values, and low groundwater ubiquity score (GUS) scores indicating that 
they bind tightly to soils and do not have a strong propensity to leach into groundwater. 
 
Glyphosate and AMPA are often detected in surface water. This is expected near areas where 
glyphosate is used as it can easily reach water bodies through drift, runoff (likely sorbed to soil 
particles), and irrigation canal discharges. Glyphosate is readily soluble in water and is stable  
to hydrolysis at environmentally relevant pHs. Glyphosate is also not subject to photochemical 
degradation. The duration of glyphosate and AMPA exposure in water can vary based on several 
factors, including the amount of organic carbon present in the water body. 
 
The predicted daily and yearly exposure values from the models represent high-end exposure 
estimates for drinking water that should be considered in the human health dietary risk 
assessment for acute and chronic exposures, respectively. The highest concentrations detected in 
surface water samples from sources that may be used as drinking water sources (29 µg/L of 
glyphosate, 3.8 µg/L of AMPA, or 32.8 µg/L combined) can also be considered in the acute 
assessment. For the chronic assessment for human health, the yearly concentrations estimated via 
modelling represent reasonable high-end exposure estimates for drinking water and should be 
considered in the human health dietary risk assessment. Monitoring data indicate that glyphosate 
and AMPA are often detected in surface water but at relatively low levels. 
 
For the aquatic risk assessment, the highest detection of glyphosate in surface water (40.8 µg/L) 
is higher than the peak concentrations predicted by modelling in some scenarios run in water 
bodies 80 cm and 15 cm deep. As such, this monitoring value (40.8 µg/L) should be considered 
along with the modelling numbers in the acute assessment for aquatic organisms (both 15 cm and 
80 cm depths). The value of 3100 µg/L from the prospective monitoring study could also be 
considered in the amphibian risk assessment, as a conservative short-term exposure estimate. For 
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longer term exposures, the concentrations estimated via modelling represent reasonable high-end 
exposure estimates for aquatic habitats. Monitoring data indicate that glyphosate and AMPA are 
frequently detected in surface water but not at levels that meet or exceed the most sensitive HC5 
from species sensitivity distributions (Amphibians, HC5 of NOEC from chronic studies: 1800 
µg/L). 
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Appendix XII Proposed Label Amendments for Products Containing 
Glyphosate 


 
The label amendments presented below do not include all label requirements for individual 
products, such as first aid statements, disposal statements, precautionary statements and 
supplementary protective equipment. Information on labels of currently registered products 
should not be removed unless it contradicts the following label statements. 
______________________________________________________________________ 
 


A) Label Amendments for Glyphosate Technical Products 
 
 The following label amendments are required on the Glyphosate Technical labels: 
 


1) Add to the primary panel of the Technical product labels: 
 


The signal words “DANGER – EYE IRRITANT”, and accompanying glyphs.  
 


2) Before STORAGE section, Add the title “ENVIRONMENTAL HAZARDS” and the 
following statement: 


 
• TOXIC to non-target terrestrial plants 
• TOXIC to aquatic organisms 


 
3) Remove the following statement under the “DISPOSAL AND 


DECONTAMINATION”  
 


“Canadian formulators of this technical should dispose of unwanted active and containers 
in accordance with municipal or provincial regulations. For information on disposal of 
unused, unwanted product, contact the manufacturer or the provincial regulatory agency. 
Contact the manufacturer and the provincial regulatory agency in the case of a spill, and 
for clean-up of spills.” 


 
and replace it with the following statement: 


 
“Canadian manufacturers should dispose of unwanted active ingredients and containers in 
accordance with municipal or provincial regulations. For additional details and clean up 
of spills, contact the manufacturer or the provincial regulatory agency.”  


 
B) For Commercial and Agricultural Class Products Containing 


Glyphosate 
 


1) Add to DIRECTIONS FOR USE: 
 
Restricted Entry Intervals  


 
“The restricted entry interval is 12 hours after application for all agricultural uses.” 
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2) Add to Use Precautions 
 


“Apply only when the potential for drift to areas of human habitation or areas of human 
activity such as houses, cottages, schools and recreational areas is minimal. Take into 
consideration wind speed, wind direction, temperature inversions, application equipment 
and sprayer settings.” 


 
3) Add the following to ENVIRONMENTAL HAZARDS:  


 
• TOXIC to non-target terrestrial plants. Observe buffer zones specified under 


DIRECTIONS FOR USE.  
 


• TOXIC to aquatic organisms. Observe buffer zones specified under 
DIRECTIONS FOR USE.  
 


• To reduce runoff from treated areas into aquatic habitats, avoid application to 
areas with a moderate to steep slope, compacted soil or clay.  


 
• Avoid application when heavy rain is forecast.  


 
• Contamination of aquatic areas as a result of runoff may be reduced by including 


a vegetative strip between the treated area and the edge of the water body. 
 


4) Add to DIRECTIONS FOR USE 
 


The following statement is required for all agricultural and commercial pesticide products: 
 


• As this product is not registered for the control of pests in aquatic systems, 
DO NOT use to control aquatic pests 


 
• DO NOT contaminate irrigation or drinking water supplies or aquatic 


habitats by cleaning of equipment or disposal of wastes. 
 


5) Add to DIRECTIONS FOR USE 
 


For field applications using conventional boom sprayers (agricultural or commercial 
products), the following statements are required:  


 
Field sprayer application: DO NOT apply during periods of dead calm. Avoid 
application of this product when winds are gusty. DO NOT apply with spray droplets 
smaller than the American Society of Agricultural Engineers (ASAE) medium 
classification. Boom height must be 60 cm or less above the crop or ground. 


 
For airblast applications (agricultural or commercial products), the following statements 
are required:  
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 Airblast application: DO NOT apply during periods of dead calm. Avoid application of 
this product when winds are gusty. DO NOT direct spray above plants to be treated. Turn 
off outward pointing nozzles at row ends and outer rows. DO NOT apply when wind 
speed is greater than 16 km/h at the application site as measured outside of the treatment 
area on the upwind side.  


 
For aerial applications (agricultural or commercial products) the following statements 
are required: 


 
 Aerial application: DO NOT apply during periods of dead calm. Avoid application  


of this product when winds are gusty. DO NOT apply when wind speed is greater than 
16 km/h at flying height at the site of application. DO NOT apply with spray droplets 
smaller than the American Society of Agricultural Engineers (ASAE S572.1) coarse 
classification. To reduce drift caused by turbulent wingtip vortices, the nozzle 
distribution along the spray boom length MUST NOT exceed 65% of the wing | 
or rotorspan.  


 
Buffer Zones 


 
Use of the following spray methods or equipment DO NOT require a buffer zone:  
hand-held or backpack sprayer and spot treatment. 


 
The buffer zones specified in Tables 1 and 2 that follow are required between the point of 
direct application and the closest downwind edge of sensitive estuarine/marine habitats.  
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Table 1 Buffer Zones for the Protection of Aquatic Organisms and Terrestrial Plants from Spray Drift of Glyphosate 
Products Formulated with POEA 


 
 


Method of Application 


 
 


Crop 


Buffer Zones (Metres) Required for the Protection of 


Freshwater Habitat of 
Depths 


Estuarine/Marine 
Habitats of Depths 


  


Terrestrial Habitat 
Less than 


1 m 
Greater than 


1 m 
Less than 


1 m  
Greater 
than 1 m 


Field Sprayer Forest and Woodlands (for sites greater than 500 
ha) and Woodland Management (for sites less 
than 500 ha): Conifer release for Douglas fir, fir, 
hemlock, pine, spruce. 


Woodland management: Deciduous release 
(ground only) for (partial list) ash, walnut, linden 
or basswood, cherry, oak, elm, poplar . 


Site preparation (ground only, including sites 
greater than 500 ha).  


Forest roadside (ground only).  


Ground Forest tree planting nurseries (ground 
only).  


Established deciduous plantings of ash, caragana, 
cherry, elm, lilac, maple, mountain ash, poplar, 
Russian olive, and willow.  


Prior to or in established conifer plantings of fir, 
juniper, pine, spruce, and yew.       


Shelterbelts.  


Nursery stock.  


Woody ornamentals including forest tree nursery 
and Christmas tree plantations. 


Deciduous (ash, caragana, cherry, elm, lilac, 
maple, mountain ash, poplar, Russian olive, 
willow) and coniferous (fir, juniper, pine, spruce 
and yew). 


Forest (Short rotation intensive culture (SRIC) 
poplar).  


 


1 0 0 0 NR 
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Rye, Ginseng – New gardens 1 1 1 0 1 
Ginseng – Established gardens 2 1 1 0 1 
Filberts or Hazelnut, Cranberry 
Pasture  
Summer fallow 
Sugar beets (Roundup Ready only) 


3 1 1 1 2 


Highbush blueberry 4 2 1 1 3 
Canola (glyphosate tolerant)  
Corn (glyphosate tolerant)  
Forage grasses and legume including seed     
production 
Corn  
Sugar beet 
Strawberry, 
Lowbush blueberry, Walnut,  
Soybean (Glyphosate tolerant, Or Roundup Ready 
soybean varieties, or Roundup Ready 2 Yield 
soybean varieties), Turf grass (Prior to 
establishment or renovation)  
Wheat  
Barley  
Oats  
Soybean  
Corn – Sweet (Roundup Ready 2 Technology), 
Canola  
Peas  
Dry beans  
Flax (including low linoleic acid varieties) 
Lentils,  
Chickpea,  
Lupin (dried) 
Fava bean (dried), 
Mustard (yellow/white, brown, oriental) 
Pearl millet 
Sorghum (grain) (not for use as a forage crop) 
Asparagus 


5 3 1 1 4 
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Apple 
Apricot  
Cherry (sweet/sour) 
Peaches 
Pears  
Plums  
Grapes, 
Filberts or Hazelnut (pre-seeding) 
  
Non-cropland and industrial uses: Industrial and  
rights of way areas*: railroad, pipelines, highway, 
telephone and power rights-of-way; petroleum 
tank farms, pumping installations, roadsides, 
storage areas; lumberyards; fence rows, and 
industrial plant sites.  
 
Recreational and public areas such as parking 
areas, school yards, parks, golf courses, other 
public areas, airports and similar industrial or 
non-crop areas. 


10 4 1 1 5 


Airblast or Mistblowers Forest, Woodlands and woodland management,  
Conifer release for Douglas fir, fir, hemlock, pine, 
spruce  
Deciduous release (ground only) for (partial list) 
ash, walnut, linden or basswood, cherry, oak, elm, 
poplar 
Ground for sites  > 500 ha (forest use)  
Woodland management 
Site preparation (Ground only) 
 Forest roadside (Ground only)   
Forest tree planting, nurseries (ground only) 
Established deciduous plantings of ash, caragana 
cherry, elm, lilac, maple, mountain ash, poplar, 
Russian olive and willow.  
Prior to or in established conifer plantings of fir, 
juniper, pine, spruce and yew. 


2 0 0 0 NR 


Forest and Woodlands, Site preparation for sites  
>  500 ha  4 0 0 0 NR 


Pasture 40 30 5 2 35 
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Non-crop land and industrial uses:  
Industrial and  rights of way areas*: railroad, 
pipelines, highway, telephone and power rights-
of-way; petroleum tank farms, pumping 
installations, roadsides, storage areas; 
lumberyards; fence rows,  industrial plant sites 
Recreational and public areas such as  parking 
areas, school yards, parks, golf courses, other 
public areas, airports and similar industrial or 
non-crop areas. 


45 35 10 3 40 


Turf grass (prior to establishment or renovation) 45 35 10 4 40 


Aerial Rye  
Corn  
Corn – Sweet 
(Roundup 
Ready 2 
Technology) 
Chickpea 
Lupin (dried) 
Fava bean 
(dried) 
Mustard 
(yellow/white, 
brown, 
oriental) 
Pearl millet 
Sorghum 
(grain) (not for 
use as a forage 
crop) 
Sugar beet 


Fixed wing 15 10 0 0 40 


Rotary wing 15 10 0 0 40 


Forest and 
Woodlands 
(for sites > 500 
ha): Conifer 
release – 
Aerial strip 
thinning of 
conifers  


Fixed wing 30 0 0 0 NR 


Rotary wing 20 0 0 0 NR 


Woodland 
management Fixed wing 25 0 0 0 NR 
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(for sites  
< 500 ha): 
Conifer release 
for Douglas 
fir, fir, 
hemlock, pine, 
spruce 


Rotary wing 15 0 0 0 NR 


Forest and 
Woodlands 
(for sites  
> 500 ha): Site 
preparation  


Fixed wing 60 0 0 0 NR 


Rotary wing 40 0 0 0 NR 


Woodland 
management 
(for sites  
< 500 ha): Site 
preparation 


Fixed wing 50 0 0 0 NR 


Rotary wing 35 0 0 0 NR 


Sugar beets 
(Roundup 
Ready only) 
Wheat 
Barley 
Oats 
Soybean 
Canola 
Peas 
Dry beans 
 Flax 
(including low 
linoleic acid 
varieties) 
Lentils 


Fixed wing 40 15 0 0 60 


Rotary wing 30 15 0 0 50 


Forage grasses 
and legume 
including seed 
production 


Fixed wing 45 15 0 0 65 


Rotary wing 30 15 0 0 55 


Summer 
fallow 


Fixed wing 55 15 0 0 75 
Rotary wing 35 15 0 0 60 


Canola 
(glyphosate 
tolerant) 


Fixed wing 60 20 0 0 65 


Rotary wing 45 15 0 0 55 


Soybean 
(Glyphosate Fixed wing 70 20 0 0 70 
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tolerant, or 
Roundup 
Ready soybean 
varieties, or 
Roundup 
Ready 2 Yield 
soybean 
varieties) 


Rotary wing 45 15 0 0 60 


Corn 
(glyphosate 
tolerant) 


Fixed wing 70 20 0 0 85 


Rotary wing 45 15 0 0 65 


Pasture Fixed wing 90 40 0 0 125 
Rotary wing 60 25 0 0 85 


Non-cropland 
and industrial 
uses: Industrial 
and  rights of 
way areas*: 
railroad, 
pipelines, 
highway, 
telephone and 
power rights-
of-way; 
petroleum tank 
farms, 
pumping 
installations, 
roadsides, 
storage areas; 
lumberyards; 
fence rows,  
industrial plant 
sites. 
Recreational 
and public 
areas- such as  
parking areas, 
school yards, 
parks, golf 
courses, other 
public areas, 
airports and 
similar 
industrial or 
non-crop areas 


Fixed wing 350 200 30 15 300 


Rotary wing 150 80 20 4 150 
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* Buffer zones for the protection of terrestrial habitats are not required for use on rights-of-way including railroad ballast, rail and hydro rights-of-way, 
utility easements, roads, and training grounds and firing ranges on military bases. 
NR = Buffer zones for the protection of terrestrial habitats are not required for forestry uses. 


 
Table 2.  Buffer Zones for the Protection of Aquatic Organisms and Terrestrial Plants from Spray Drift of Glyphosate 


Products without POEA  


 
 


Method of 
Application 


 
 


Crop 


Buffer Zones (Metres) Required for the Protection of  


Freshwater Habitat of Depths  Terrestrial Habitat 


Less than 1 m Greater than 1 m 


Field Sprayer Ginseng – New garden  


Rye 


1 0 1 


Sugar beets (Roundup ready only) 


Ginseng – Established garden  


Filberts or Hazelnut – Established 


1 1 1 


Wheat, barley, oats 


Soybean  


Corn-Sweet (Roundup-Ready 2 Technology)  


Canola,  


Canola (glyphosate tolerant) 


Peas  


Dry beans  


Flax (including low linoleic acid varieties)  


Lentils  


Chickpea 


Lupin (dried) 


Fava bean (dried) 


Mustard (yellow/white, brown, oriental) 


Pearl millet 


Sorghum (grain) (not for use as a forage crop)   


Asparagus  


1 1 4 
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Method of 
Application 


 
 


Crop 


Buffer Zones (Metres) Required for the Protection of  


Freshwater Habitat of Depths  Terrestrial Habitat 


Less than 1 m Greater than 1 m 


Highbush blueberry  


Cranberry  


Pasture, Summer fallow 


 Apple 


Apricot, Cherry (Sweet/Sour) 


Peaches 


Pears 


Plums  


Grapes  


Filberts or Hazelnut – pre-seeding 


Soybean (Glyphosate tolerant, or Roundup-Ready 
soybean varieties, or Roundup-Ready 2 Yield soybean 
varieties) 


Turf grass (Prior to establishment or renovation) 


Corn (glyphosate tolerant) 


Forage grasses and legumes including seed production 


Corn  


Sugar beet  


Strawberry  


Lowbush blueberry 


Walnut   


Non-cropland and industrial uses: Industrial and  rights of 
way areas*: railroad, pipelines, highway, telephone and 
power rights-of-way; petroleum tank farms, pumping 
installations, roadsides, storage areas; lumberyards; fence 
rows,  industrial plant sites.  


Recreational and public areas- such as  parking areas, 
school yards, parks, golf courses, other public areas, 
airports and similar industrial or non-crop areas 


1 1 5 
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Method of 
Application 


 
 


Crop 


Buffer Zones (Metres) Required for the Protection of  


Freshwater Habitat of Depths  Terrestrial Habitat 


Less than 1 m Greater than 1 m 


Airblast or 
Mistblower 


Pasture   10 3 35 


Turf grass (Prior to establishment or renovation) 15 5 40 


Non-crop land and industrial uses: Industrial and  rights of 
way areas*: railroad, pipelines, highway, telephone and 
power rights-of-way; petroleum tank farms, pumping 
installations, roadsides, storage areas; lumberyards; fence 
rows,  industrial plant sites 


Recreational and public areas such as  parking areas, 
school yards, parks, golf courses, other public areas, 
airports and similar industrial or non-crop areas. 


15 5 40 


Aerial Rye, Corn, Corn-Sweet 
(Roundup Ready 2 Technology),  


Chickpea, Lupin (dried), Fava 
bean (dried)  


Mustard (yellow/white, brown, 
oriental) 


Pearl millet, Sorghum (grain) 
(not for use as a forage crop)  


Sugar beet 


Fixed wing 0 0 40 


 Rotary wing 0 0 40 


Sugar beets (Roundup Ready 
only) 


Wheat, Barley, Oats, Soybean  


Canola  


Peas, Dry beans 


Flax (including low linoleic acid 
varieties) 


Lentils 


Fixed wing 0 0 60 


Rotary wing 0 0 50 


Canola (glyphosate-tolerant)  


Forage grasses and legume 
including seed production 


Fixed wing 0 0 65 


Rotary wing 0 0 55 


  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 248 


2396Appeal Book, Tab 29







Appendix XII 


 
 


Method of 
Application 


 
 


Crop 


Buffer Zones (Metres) Required for the Protection of  


Freshwater Habitat of Depths  Terrestrial Habitat 


Less than 1 m Greater than 1 m 


Corn (glyphosate tolerant)  


Soybean (Glyphosate tolerant, 
Or Roundup Ready soybean 
varieties, or Roundup Ready 2 
Yield soybean varieties) 


Summer fallow 


Fixed wing 0 0 85 


Rotary wing 0 0 65 


Pasture Fixed wing 0 0 125 


Rotary wing 0 0 185 


Non-crop land and industrial 
uses: Industrial and  rights of 
way areas*: railroad, pipelines, 
highway, telephone and power 
rights-of-way; petroleum tank 
farms, pumping installations, 
roadsides, storage areas; 
lumberyards; fence rows,  
industrial plant sites 


Recreational and public areas 
such as parking areas, school 
yards, parks, golf courses, other 
public areas, airports and similar 
industrial or non-crop areas. 


Fixed wing 40 25 300 


Rotary wing 25 15 150 


 
* Buffer zones for the protection of terrestrial habitats are not required for use on rights-of-way including railroad ballast, rail and hydro rights-of-way, 
utility easements, roads, and training grounds and firing ranges on military bases. 


 
For tank mixes, consult the labels of the tank-mix partners and observe the largest (most restrictive) buffer zone of the products 
involved in the tank mixture and apply using the coarsest spray (ASAE) category indicated on the labels for those tank mix partners. 
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1357237 2007, Batch data for manufacturing sites converted to dry weight, DACO: 2.13.3 CBI 
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Number 
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1126881 1991, One month feeding study of AMPA administered by capsule to beagle dogs, 
DACO: 4.7 


1126892 1991, 90 Day oral toxicity study of AMPA in dogs, DACO: 4.7 
1126903 1993, A developmental toxicity study of AMPA in rats, DACO: 4.5.2 
1126905 1991, An evaluation of the potential of AMPA to induce unscheduled DNA 


synthesis in the in vitro hepatocyte DNA repair assay using the male F-344 rat, 
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test material used in a 90 day dog study at Wil laboratories, DACO: 4.7 
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1161760 1989, Glyphosate technical: primary eye irritation test in rabbits, DACO: 4.2.4 
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1161769 1993, AMPA 13 week toxicity study in rats with administration by gavage, 
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1161775 1991, Assessment of acute oral toxicity of "glyphosate technical" to mice, DACO: 
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1161777 1989, Glyphosate 13 week dietary toxicity study in rats, DACO: 4.3.1 
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investigation), DACO: 4.5.2 
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1161786 1993, Glyphosate 104 week dietary carcinogenicity study in mice, DACO: 


4.4.1,4.4.2 
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1161795 1993, Glyphosate 104 week dietary carcinogenicity study in mice. DACO: 


4.4.1,4.4.2 
1161796 1993, Glyphosate 104 week combined chronic feeding/oncogenicity study in rats 


with 52 week interim kill.(results after 104 weeks), DACO: 4.4.1, 4.4.2 
1161797 1993, Glyphosate 104 week combined chronic feeding/oncogenicity study in rats 


with 52 week interim kill.(results after 104 weeks), DACO: 4.4.1, 4.4.2 
1161798 1993, Glyphosate 104 week combined chronic feeding/oncogenicity study in rats 


with 52 week interim kill. (Results after 52 weeks) + addendum individual body 
weight (g) and food consumption per cage of rats: males and females, DACO: 
4.4.1, 4.4.2 


1182530 1973, The dynamics of accumulation and depletion of orally ingested n-
phosphonomethylglycine-14C, DACO: 4.5.9 


1184695 1972, Acute oral toxicity study with CP67573 in albino rabbits, DACO: 4.2.1 
1184722 1979, Ninety-day subacute toxicity test with aminomethylphosphonic acid 


CP50435 in rats, DACO: 4.3.1 
1184726 1980, Technical glyphosate: teratology study in rats, DACO: 4.5.2 
1184727 1980, Technical glyphosate: teratology study in rabbits, DACO: 4.5.3  
1184728 1980, Technical glyphosate: dominant lethal study in mice, DACO: 4.5.4  
1184795 1972, Ninety-day subacute oral toxicity study with CP67573 in beagle dogs, 


DACO: 4.7  
1184837 1981, A lifetime feeding study of glyphosate (roundup technical) in rats, DACO: 


4.4.1, 4.4.2   
1184838 1981, A lifetime feeding study of glyphosate (roundup technical) in rats, DACO: 


4.4.1, 4.4.2  
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1184853 1979, Rabbit eye irritation study. Compound: glyphosate technical, DACO: 4.2.4   
1184879 1982, A chronic feeding study of glyphosate (roundup technical) in mice, DACO: 


4.4.1, 4.4.2  
1184946 1973, Final report on CP67573 residue and metabolism, part 13: the dynamics of 


accumulation and depletion of orally ingested n-phosphonomethylglycine-14C, 
DACO: 4.5.9  


1184958 1973, Final report on CP67573 residue and metabolism, part 8: the gross 
metabolism of n-phosphonomethylglycine-14C (cp67573-14C) in the laboratory rat 
following a single dose, DACO: 4.5.9 


1184959 1973, Final report on CP67573 residue and metabolism, part 9: the gross 
distribution of n-phosphonomethylglycine-14C (cp67573-14C) in the rabbit, 
DACO: 4.5.9  


1184960 1973, Final report on CP67573 residue and metabolism, part 11: the metabolism 
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1202148 1985, Twelve month study of glyphosate administered by gelatin capsule to beagle 
dogs.  DACO: 4.4.1 


1211998 1996, Glyphosate acid: acute oral toxicity study in rats, DACO: 4.2.1 
1211999 1996, Glyphosate acid: acute dermal toxicity study in the rat, DACO: 4.2.2 
1212000 1996, Glyphosate acid: 4-hour acute inhalation toxicity study in rats, DACO: 4.2.3 
1212001 1997, Glyphosate acid: eye irritation to the rabbit, DACO: 4.2.4 
1212002 1996, Glyphosate acid: skin irritation to the rabbit, DACO: 4.2.5 
1212003 1996, Glyphosate acid: skin sensitisation to the guinea pig, DACO: 4.2.6 
1212004 1996, First revision to glyphosate acid: 90 day feeding study in rats, DACO: 4.3.1 
1212005 1996, First revision to glyphosate acid: 90 day oral toxicity study in dogs, DACO: 


4.3.2 
1212006 1996, Glyphosate acid: 1 year dietary toxicity study in dogs, DACO: 4.3.2 
1212007 1996, Glyphosate acid: 21 day dermal toxicity study in rats, DACO: 4.3.5 
1212011 2001, Glyphosate acid: two year dietary toxicity and oncogenicity study in rats.  


[Part 1 of 3], DACO: 4.4.4 
1212012 2001, Glyphosate acid: two year dietary toxicity and oncogenicity study in rats.  


[part 2 of 3], DACO: 4.4.4 
1212013 2001, Glyphosate acid: two year dietary toxicity and oncogenicity study in rats.  


[part 3 of 3], DACO: 4.4.4 
1212014 2000, Glyphosate acid: multigeneration reproduction toxicity study in rats. [Part 1 


of 2], DACO: 4.5.1 
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Note: Only published studies that are cited in the PRVD are listed below; a full list of 
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Document 
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C. Studies Considered for the Occupational Risk Assessment 
 
STUDIES/INFORMATION SUBMITTED BY REGISTRANT  
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Number 
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1212030 2001, Glyphosate: In vivo Dermal Penetration Study in the Rat. Central 
Toxicology Laboratory, Alderley Park, Cheshire, UK #UR0644. Unpublished. 
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1563670 1999, Integrated Report on Evaluation of Potential Exposure to Homeowners 
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1945969 1998, Carbaryl Mixer/Loader/Applicator Exposure Study during Application of 
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2115788 Agricultural Reentry Task Force (ARTF). 2008. Data Submitted by the ARTF 
to Support Revision of Agricultural Transfer Coefficients. Submission# 2006-
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2476396 
2476401 


1999, Evaluation of Transferable Turf Residue Techniques: Evaluation Study of 
Transferable Residue Techniques (OMD001) and Transferable Residue 
Technique Modification Study: An Evaluation of Three Turf Sampling 
Techniques (OMD002). October 7, 1999. Outdoor Residential Exposure Task 
Force. EPA MRID 44972203. 


 
ADDITIONAL PUBLISHED INFORMATION 
 
PMRA 
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Number 
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2409268 U.S. EPA. 2012. Standard Operating Procedures for Residential Pesticide 
Exposure Assessment.  EPA, Washington, DC. February, 2012.  Sections 3 
(Lawns/Turf) and 4 (Gardens and Trees). 
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Reference 


2443642 AIR2 Project: Renewal of the Inclusion of Active Substances in Annex I to 
Council Directive 91/414/EEC, Regulatory Update 14/2011 Issued 07 April 2011. 


2443643 European Commission, Health & Consumer Protection Directorate: Glyphosate, 
6511/VI/99-final, 1/21/02. 
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2443644 European Food Safety Authority (EFSA); Modification of the residue definition of 
glyphosate in genetically modified maize grain and soybeans, and in products of 
animal origin, EFSA Journal 2009; 7(9):1310. 


2443646 US Federal Register, Vol. 72, No. 22, February 2, 2007. 
2443647 US Federal Register, Vol. 78, No. 84, May 1, 2013. 
2443650 USEPA Glyphosate Registration Review Summary Document. 
2443645 Shaner, D. L. (2000) The impact of glyphosate-tolerant crops on the use of other 


herbicides and on resistance management, Pest Manag. Sci. 56, 320-326. 
 
E. Studies Considered for the Environmental Risk Assessment 
 
LIST OF STUDIES/INFORMATION SUBMITTED BY REGISTRANT  
 
PMRA 
Document 
Number 


Reference 


1126906 Determination of the sorption & desorption properties of AMPA (MSL-12703; 
206300; 252.0192.6135.710; 92-8-4390; 92-63-m8) final report (glyphosate), DACO: 
8.2.4.1 


1142749 Soil dissipation of alachlor, glyphosate, paraquat, simazine, cyanazine, atrazine and 
metribuzin following tank-mix applications under laboratory conditions (RD597;4612; 
MSL2073;7124), DACO: 8.2.4.1 


1142750 Soil dissipation of alachlor, glyphosate, paraquat, linuron, maloran and diuron 
following tank-mix applications under laboratory conditions (RD597; 4612; 
MSL2118;7124),  DACO: 8.2.4.1 


1142751 Soil dissipation of alachlor, glyphosate and dynap following tank-mix applications 
under laboratory conditions (RD597; 4612; MSL2126; 7124), DACO: 8.2.4.1 


1142752 Dissipation of glyphosate in field soils following minimum till application of roundup 
alone or in tank mix combinations with lasso me, atrazine, dyanap or metribuzin 
(RD597;4612;MSL-2422;7124), DACO: 8.2.4.1 


1142753 Aerobic metabolism of [14C] glyphosate in sandy loam and silt loam soils with 
biometer flask (rd1031; PTRL1301; 368), DACO: 8.2.3.1 


1142754 Aerobic aquatic metabolism of [14C] glyphosate (RD1030;MSL-10576; PTRL366), 
DACO: 8.2.3.1 


1142755 Anaerobic aquatic metabolism of [14C] glyphosate (RD1029; PTRL367), DACO: 
8.2.3.1 


1142756 Persistence and dissipation of glyphosate in foliage and soils of a Canadian coastal 
watershed. J. Feng and D. Thompson. Proceedings of the carnation creek herbicide 
workshop. March,1989.(frda063; issn08350752; pages# 65-81), DACO: 8.3.2.3 


1142757 Fate of glyphosate and its influence on nitrogen-cycling in two Finnish agriculture 
soils. M. Muller et.al. Bull. Environm. Contam. toxicol. (pages# 724-730) + 
Persistence, movement and degradation of glyphosate in selected Canadian boreal 
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forest soils. D. Roy et.al. J. Agric. Food Chem. (pages# 437-440), DACO: 8.3.2.3 
1142758 Dissipation of glyphosate in U.S. field soils following direct application of roundup 


herbicide (RD696; MSL-5901;MSL-3210;7163), DACO: 8.3.2.3 
1142761 Dissipation of glyphosate in U.S. field soils following multiple applications of 


roundup herbicide (RD697;MSL-5902;MSL-3352;7163), DACO: 8.3.2.3 
1142762 Roundup herbicide dissipation in cool climate forest soil and leaf litter (RD697;MSL-


5902;MSL-2950;7163), DACO: 8.3.2.3 
1142763 Dissipation of glyphosate and aminomethylphosphonic acid in forestry sites 


(RD993;MSL-9940), DACO: 8.3.2.3 
1142764 Rapid dissipation of glyphosate in small forest ponds, DACO: 8.3.3.3 
1142765 Behaviour of glyphosate in the aquatic environment. J. Bronstad and H. Friestad. 


Agricultural university of Norway, as-NLH, Norway. Chapter 13. (pages#200-205), 
DACO: 8.3.3.3 


1142766 Aquatic dissipation of glyphosate and Ampa in water and soil sediment following 
application of glyphosate in irrigated crop and forestry uses (RD898;MSL-
8332;066300)(cont’d on roll#1014), DACO: 8.3.3.3 


1142767 Photodegradation and anaerobic aquatic metabolism of glyphosate, N-phosphono-
methylglycine final report (RD924;MSL-0598;7863), DACO: 8.2.1,8.2.3.1 


1142768 Addendum to MSL-3210-Dissipation of glyphosate in U.S. field soils following direct 
application of roundup herbicide final report  (RD924; MSL-8081;066335), DACO: 
8.3.2.3 


1142769 Solubility, volatility, adsorption and partition coefficients, leaching and aquatic 
metabolism of MON 0573 and MON 0101 final report (RD181; MSL-0207;7863), 
DACO: 8.2.1,8.2.3.1,8.2.4.1 


1142770 Photodegradation of 14C glyphosate in buffered aqueous solution at pH 5,7 and 9 by 
natural sunlight (RD 1020; MSL-10575;PTRL 233W-1), DACO: 8.2.1 


1142771 Photodegradation of 14C glyphosate in/on soil by natural sunlight (RD972; 
MSL-9271;PTRL-153W), DACO: 8.2.1 


1142773 Soil dissipation of Roundup, Lasso and Simazine herbicides (RD597; 4612; MSL-
0064;7163), DACO: 8.2.4.1 


1155370 Persistence, movement and degradation of glyphosate in selected Canadian boreal 
forest soils (RESID008; 437-440) Roy, Prasad et.al. (Roundup), DACO: 8.3.2.3 


1155371 Fate of glyphosate in an Oregon forest ecosystem (ENVIR004; c1144-1151) Newton, 
Dubelman et.al. Journal of Agr. and Food Chemistry (Roundup), DACO: 8.3.2.3 


1155372 Rapid dissipation of glyphosate in small forest ponds (AQUAT005;537-544) 
Goldsborough/Beck,  Arch. Environ. Contam. toxicol. (roundup), DACO: 8.3.3.3 


1155375 Fate of glyphosate in a Canadian forest watershed.2. Persistence in foliage and soils 
(RESID009;1118-1125)  Feng/Thompson (Roundup), DACO: 8.3.2.3 


1155377 Measurement of the environmental effects associated with forestry use of Roundup. 
Environment Canada Conservation and Protection environmental protection. 
Ernst/Hennigar et.al. (Ep-5-Ar-87-8;ENVIR006), DACO: 8.3.2.3 
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1161810 (14C)-glyphosate: adsorption/desorption in soil. Final report.(676/3;7180)., DACO: 
8.2.4.2 


1161812 Leaching characteristics of formulated 14C-glyphosate in three soils. (281430).  
DACO: 8.2.4.4 


1161813 Degradation and metabolism of 14C-glyphosate in soil incubated under aerobic 
conditions.(246486)., DACO: 8.2.3.4.2 


1161822 Determination of the degradability and persistence of 14C-glyphosate in the 
water/sediment-system.(ET01SE01)., DACO: 8.2.3.5.2,8.3.3.3 


1161827 Hydrolysis determination of 14C-glyphosate (pmg) at different pH values. + First 
amendment to Report.(238500)., DACO: 8.2.3.2 


1161828 Photodegradation study of 14C -glyphosate on soil. + protocol.(315764)., DACO: 
8.2.3.3.1 


1161829 Photodegradation study of 14C -glyphosate in water at pH 5, 7 and 9.(250751)., 
DACO: 8.2.3.3.2 


1182629 1981, Roundup herbicide forest ecosystem study; part I: residues of glyphosate, 
amino-methylphosphonic acid and N-nitrosoglyphosate in forest soil and water 
following aerial application of Roundup herbicide. Final report. Date:  March, 1981.  
Monsanto Canada inc. (MSL-1578; 7163). (PCP#13644 Environmental Chemistry 
volume 1 of 1), DACO: 8.3.2.2 


1184806 MON-0573, residue and metabolism. Part 2: the photolysis, run-off, and leaching of 
MON-0573 on or in soil. DACO: 8.2.3.3.1,8.2.4.3.1 


1184843 1982, Additional information to support the registration of roundup herbicide-forest 
ecosystem study; part II. DACO: 8.3.4 


1184953 Final report on MON-0573, RESIDue and metabolism, part 2: the photolysis, run-off, 
and leaching of Mon-0573 on or in soil. DACO: 8.2.4.3.1 


1202044 G-3780A Surfactant: biodegradation in natural waters, DACO: 8.3.3.3 
1202045 G-3780A Surfactant: biodegradation, plant uptake & 14C-dist’n, DACO: 8.3.4 
1202047 Environmental fate of the polyethoxylated tallow amine surfactant with 20 ethylene 


oxide units, DACO: 8.3.4 
1213211 1996, [P-Methylene-14C] Glyphosate Acid: Aqueous Hydrolysis at pH 5, 7, and 9 and 


25oC (WRC-96-003) (WINO 17973), DACO: 8.2.3.2 
1213212 1996, [P-Methylene-14C] Glyphosate Acid: Photodegradation in/on Soil by Natural 


Sunlight, DACO: 8.2.3.3.1 
1213213 1996, [P-Methylene-14C] Glyphosate Acid: Photodegradation in a Buffered Aqueous 


Solution at pH 5 and 7 by Natural Sunlight, DACO: 8.2.3.3.2 
1213214 1996, [P-Methylene-14C] Glyphosate Acid: Aerobic Soil Metabolism, DACO: 


8.2.3.4.2 
1213217 2005, Note to the Reviewer: Glyphosate Phototransformation in Air, DACO: 8.2.3.3.3 
1213218 1996, Glyphosate Acid: Adsorption and Desorption Properties in 5 Soils, DACO: 


8.2.4.2 
1213219 1996, Glyphosate Acid: Adsorption and Desorption Properties of the Major 


Metabolite, AMPA, in Soil, DACO: 8.2.4.2 
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1311112 2004, Environment Canada, unpublished national water monitoring data. pesticide 


science fund (2004)., DACO: 8.6 
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2032017 2011, A Summary of Relevant Existing Information on the Aquatic Toxicity of 


Glyphosate Acid, Glyphosate Salts, Glyphosate-based Formulations and Formulation 
Components to Amphibians and Fish, DACO: 9.9 


2035772 Pesticides dans l’eau de surface d’une zone maraîchère Ruisseau Gibeault-Delisle dans 
les « terres noires » du bassin versant de la rivière Châteauguay de 2005 à  2007 Juin 
2010, DACO: 8.6 


2104739 2011, Evaluation of the Potential for Chronic Exposure to and Chronic Effects from 
Glyphosate Formulations, DACO: 9.9 


2170903 PEI Department of Environment, Energy and forestry. (2010). Summary of Statistics 
from the PEI Groundwater Monitoring Program (2004 à 2009), notes from 2008 and 
the analyte list from 2009., DACO: 8.6 


2171036 Ontario Ministry of the Environment. (2010). Unpublished groundwater monitoring 
data from Ontario’s Provincial Groundwater Monitoring Network. Received 
September 2011., DACO: 8.6 


2469837 2013, Comparative toxicity of Glyphosate-Based Herbicides: Aqueous and Sediment 
Porewater Exposures - Report prepared for: National Contaminants Advisory Group, 
Ecosystem Science, Fisheries and Oceans Canada, DACO: 8.6,9.9 


  
 


Proposed Re-evaluation Decision – PRVD2015-01 
Page 291 


2439Appeal Book, Tab 29







References 


2469838 2013, Report 3: Preliminary Results and interpretations - Report prepared for: National 
Contaminants Advisory Group, Ecosystem Science, Fisheries and Oceans Canada, 
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790009 2002, MON 2139: Lemna minor growth inhibition test, DACO: 9.8.6 
790011 2002, MON 78087  21 day toxicity test with the sedge, Carex comosa, DACO: 9.8.6 
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Executive Summary 


Health Canada’s primary objective in regulating pesticides is to protect Canadians’ health and 
their environment. Pesticides must be registered by Health Canada’s Pest Management 
Regulatory Agency (PMRA) before they can be imported, sold, or used in Canada. Pesticides 
must go through rigorous science-based assessments before being approved for sale in Canada. 


All registered pesticides must be re-evaluated by the PMRA on a cyclical basis to make sure they 
continue to meet modern health and environment safety standards and continue to have value. In 
2015, the PMRA published the outcome of its extensive re-examination of glyphosate for public 
comment (PRVD2015-01), which concluded that the products containing glyphosate do not 
present unacceptable risks to human health or the environment when used according to the 
revised product label directions. 


During this re-examination, the PMRA assessed the potential human health risk of glyphosate 
from drinking water, food, occupational and bystander exposure, as well as the environmental 
risk to non-target organisms. Both the active ingredient and formulated products were included 
in the re-evaluation. The assessment was carried out based on available information provided by 
the manufacturer of the pesticide, as well as a large volume of published scientific literature, 
monitoring information (for example, ground water and surface water) and reviews conducted by 
other regulatory authorities. 


The overall finding from the re-examination of glyphosate is highlighted as follows: 
• Glyphosate is not genotoxic and is unlikely to pose a human cancer risk. 
• Dietary (food and drinking water) exposure associated with the use of glyphosate is not 


expected to pose a risk of concern to human health.  
• Occupational and residential risks associated with the use of glyphosate are not of 


concern, provided that updated label instructions are followed. 
• The environmental assessment concluded that spray buffer zones are necessary to 


mitigate potential risks to non-target species (for example, vegetation near treated areas, 
aquatic invertebrates and fish) from spray drift. 


• When used according to revised label directions, glyphosate products are not expected to 
pose risks of concern to the environment. 


• All registered glyphosate uses have value for weed control in agriculture and non-
agricultural land management. 


All comments received during the consultation process were taken into consideration. These 
comments and new data/information resulted in only minor revisions to the proposed regulatory 
decision described in PRVD2015-01. Therefore, the PMRA is granting continued registration of 
products containing glyphosate with requirements of additional label updates to further protect 
human health and the environment. 


To comply with this decision, the required label changes must be implemented on all product 
labels sold by registrants no later than 24 months after the publication date of this document.  
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Re-evaluation Decision for Glyphosate 


After a re-evaluation of the herbicide glyphosate, Health Canada’s Pest Management Regulatory 
Agency (PMRA), under the authority of the Pest Control Products Act and Regulations, is 
granting continued registration of products containing glyphosate for sale and use in Canada. 


An evaluation of available scientific information found that products containing glyphosate do 
not present risks of concern to human health or the environment when used according to 
the revised label directions. As a requirement for the continued registration of glyphosate uses, 
new risk reduction measures are required for the end-use products registered in Canada. No 
additional data are being requested at this time.  


Findings of the re-evaluation of glyphosate were first presented for public consultation in the 
Proposed Re-evaluation Decision PRVD2015-01, Glyphosate,1 whereas this Re-evaluation 
Decision (RVD2017-01)2 summarizes the Agency’s final decision on the re-evaluation of 
glyphosate and the reasons for it. 


Comments received during the consultation period were taken into consideration. These 
comments and new data/information resulted in revisions to some parts of the risk assessments, 
however, they did not result in substantial changes to the proposed regulatory decision as 
described in PRVD2015-01. Appendix I of this document summarizes the comments received 
and provides the PMRA's response. 


To comply with this decision, the required mitigation measures must be implemented on all 
product labels sold by registrants no later than 24 months after the publication date of this 
document. Registrants of the products containing glyphosate will be informed of the specific 
requirements affecting their product registration(s) and of the regulatory options available to 
them. 


What Does Health Canada Consider When Making a Re-evaluation Decision? 


Health Canada’s pesticide re-evaluation program considers potential risks3 as well as the value4 
of pesticide products to ensure they meet modern standards established to protect human health 
and the environment. Re-evaluation draws on data from registrants, published scientific reports, 
information from other regulatory agencies and any other relevant information. 


                                                           
1  “Consultation statement” as required by subsection 28(2) of the Pest Control Products Act. 
2  “Decision statement” as required by subsection 28(5) of the Pest Control Products Act. 
3  “Acceptable risks” as defined by subsection 2(2) of the Pest Control Products Act. 
4   “Value” as defined by subsection 2(1) of the Pest Control Products Act: “…the product’s actual or 


potential contribution to pest management, taking into account its conditions or proposed conditions of 
registration, and includes the product’s (a) efficacy; (b) effect on host organisms in connection with which 
it is intended to be used; and (c) health, safety and environmental benefits and social and economic 
impact”. 
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In 2010, Health Canada published a re-evaluation work plan for glyphosate (REV2010-02) 
outlining the focus of this re-evaluation and indicating that the PMRA is working cooperatively 
with the United States Environmental Protection Agency. As part of this re-evaluation, the effect 
of Polyethoxylated Tallow Amines (POEA) and the metabolite and transformation product 
Aminomethylphosphonic acid (AMPA) are also included. 


What Is Glyphosate? 


Glyphosate is a broad-spectrum, non-selective herbicide. It controls many annual weeds, 
perennial weeds, woody brush and weedy trees. It is registered for use on a wide variety of sites 
including terrestrial feed and food crops, terrestrial non-food, non-feed and fibre crops, and for 
non-agricultural, industrial and residential weed management for non-food sites, forests and 
woodlots, outdoor ornamentals and turf. 


Glyphosate is present as the free acid or as a salt in formulated end use products. Glyphosate 
products are formulated as solutions, pastes or tablets and can be applied using ground or aerial 
application equipment. Other application techniques are also used to apply glyphosate, such as 
with a wiper or wick applicator, cut stump or stem injection treatment. The rate of application 
ranges from 0.25 to 4.32 kg a.e./ha, depending on weed species (for example, annual vs. 
perennial) and use site. All products containing glyphosate currently registered under the 
authority of the Pest Control Products Act are listed in Appendix II. 


Health Considerations 


Can Approved Uses of Glyphosate Affect Human Health? 


Products containing glyphosate are unlikely to affect your health when used according to 
label directions. 


Potential exposure to glyphosate may occur through diet (food and water), or when handling and 
applying the product, or by entering treated sites. When assessing health risks, two key factors 
are considered: the levels at which no health effects occur in animal testing and the levels to 
which people may be exposed. The dose levels used to assess risks are established to protect the 
most sensitive human population (for example, children and nursing mothers). Only those uses 
where exposure is well below levels that cause no effects in animal testing are considered 
acceptable for registration. 


Glyphosate is of low acute oral, dermal and inhalation toxicity. It is severely irritating to the 
eyes, non-irritating to skin and does not cause an allergic skin reaction. 


Registrant-supplied short and long term (lifetime) animal toxicity tests, as well as numerous 
peer-reviewed studies from the published scientific literature were assessed for the potential of 
glyphosate to cause neurotoxicity, immunotoxicity, chronic toxicity, cancer, reproductive and 
developmental toxicity, and various other effects.  
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The most sensitive endpoints for risk assessment were clinical signs of toxicity, developmental 
effects, and changes in body weight. The young were more sensitive than the adult animals. 
However, the risk assessment approach ensures that the level of exposure to humans is well 
below the lowest dose at which these effects occurred in animal tests. 


Residues in Food and Water 


Dietary risks from food and water are not of concern. 


Reference doses define levels to which an individual can be exposed over a single day (acute) or 
lifetime (chronic) and expect no adverse health effects. Generally, dietary exposure from food 
and water is acceptable if it is less than 100% of the acute reference dose or chronic reference 
dose (acceptable daily intake). An acceptable daily intake is an estimate of the level of daily 
exposure to a pesticide residue that, over a lifetime, is believed to have no significant harmful 
effects. 


Potential acute and chronic dietary exposures to glyphosate were estimated from residues of 
glyphosate and relevant metabolites in both treated crops and drinking water. Exposure to 
different subpopulations, including children and women of reproductive age, were considered. 
The acute dietary exposure estimate from food and drinking water at the 95th percentile 
represents 31% of the acute reference dose (ARfD) for females 13-49 years of age, and ranges 
from 12% to 45% of the ARfD for all other population subgroups. The chronic dietary exposure 
estimate for the general population represents 30% of the acceptable daily intake (ADI). 
Exposure estimates for population subgroups range from 20% of the ADI (for adults aged 
50 years or older) to 70% of the ADI (for children 1-2 years old). Thus, acute and chronic dietary 
risks are not of concern. 


The Food and Drugs Act prohibits the sale of adulterated food; that is, food containing a 
pesticide residue that exceeds the established maximum residue limit (MRL). Pesticide MRLs 
are established for Food and Drugs Act purposes through the evaluation of scientific data under 
the Pest Control Products Act. Each MRL value defines the maximum concentration in parts per 
million (ppm) of a pesticide allowed in or on certain foods. Food containing a pesticide residue 
that does not exceed the established MRL does not pose a health risk concern. 


Canadian MRLs for glyphosate are currently specified for a wide range of commodities (MRL 
database http://pr-rp.hc-sc.gc.ca/mrl-lrm/index-eng.php). Residues in all other agricultural 
commodities, including those approved for treatment in Canada but without a specific MRL, are 
regulated under Subsection B.15.002(1) of the Food and Drug Regulations, which requires that 
residues do not exceed 0.1 ppm. Separate MRLs have been established for the 
trimethylsulfonium (TMS) cation, the major metabolite of the glyphosate-TMS salt, in/on a 
variety of commodities. Given that all glyphosate-TMS-containing products have been 
discontinued in Canada, all MRLs for the TMS cation will be revoked. 
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Risks in Residential and Other Non-Occupational Environments 


Non-occupational risks are not of concern when used according to label directions. 


Residential exposure may occur from the application of products containing glyphosate to 
residential lawns, and turf (including golf courses), gardens and trees. Residential handler 
exposure could occur from mixing, loading and applying domestic-class glyphosate products. 
These products can be applied as a liquid by a manually pressurized handwand, backpack, 
sprinkler can and ready-to-use sprayer. 


Residential postapplication exposure may occur for persons performing activities on treated 
areas. This includes areas treated by residential handlers as well as residential areas treated by 
commercial applicators. Exposure is predominantly dermal. Incidental oral exposure may also 
occur for children (1 to <2 years old) playing in treated areas. 


For all domestic class products, the target dermal and inhalation margins of exposure (MOE) 
were met for adults applying glyphosate and are not of concern. Residential postapplication 
activities also met the target dermal MOE for all populations (including golfers) and are not of 
concern. For incidental oral exposure, the target oral MOEs were met for children (1 to <2 years 
old) and are not of concern. 


Non-occupational scenarios were aggregated with background (chronic) dietary exposure (food 
and drinking water). The resulting aggregate risk estimates reached the target MOE for all uses 
and are not of concern. 


Non-occupational risks from bystander dermal exposure are not of concern. 


Bystander exposure may occur when the general public enter non-cropland areas (for example, 
hiking through forests or parks) that have recently been treated with glyphosate. The resulting 
risk estimates associated with bystander dermal exposure met the target MOE for all populations 
and are not of concern. 


Occupational Risks from Handling Glyphosate 


Occupational risks to handlers are not of concern when used according to label directions. 


Risks to handlers are not of concern for all scenarios. Based on the precautions and directions for 
use on product labels reviewed for this re-evaluation, risk estimates associated with mixing, 
loading and applying activities met the target dermal and inhalation MOEs and are not of 
concern. 


2492Appeal Book, Tab 31







 


  
 


Re-evaluation Decision – RVD2017-01 
Page 6 


Postapplication risks are not of concern for all uses. 


Postapplication occupational risk assessments consider exposures to workers entering treated 
sites in agriculture. Based on the current use pattern for agricultural scenarios reviewed for this 
re-evaluation, postapplication risks to workers performing activities, such as scouting, met the 
target dermal MOEs and are not of concern. A minimum restricted entry interval of 12 hours is 
required for agricultural sites. 


Polyethoxylated Tallow Amines (POEA) 


POEA is a family of several compounds that are used as surfactants in many glyphosate products 
registered in Canada. No human health risks of concern were identified for these end-use 
products, provided that they contain no more than 20% POEA by weight. All of the currently 
registered glyphosate end-use products in Canada meet this limit. 


Environmental Considerations 


What Happens When Glyphosate Is Introduced Into the Environment? 


When used according to revised label directions, glyphosate products are not expected to 
pose risks of concern to the environment. Labelled risk-reduction measures mitigate 
potential risks posed by glyphosate formulations to non-target plants and 
freshwater/marine/estuarine organisms. 


When glyphosate is released into the environment, it can enter soil and surface water. Glyphosate 
breaks down in soil and water and is not expected to remain for long periods of time. Glyphosate 
produces one major break down product in soil and water, aminomethyl phosphonic acid 
(AMPA), which can last in the environment. Carryover of glyphosate and AMPA into the next 
growing season is not expected to be significant. Glyphosate and AMPA are not expected to 
move downward through the soil and are unlikely to enter groundwater. 


Glyphosate dissolves readily in water but is expected to move into sediments in aquatic 
environments. Glyphosate is not expected to enter the atmosphere. Glyphosate and AMPA are 
unlikely to accumulate in animal tissues. 


Certain glyphosate formulations include a surfactant composed of POEA compounds. At high 
enough concentrations, POEA is toxic to aquatic organisms but is not expected to remain in the 
environment. While, in general, glyphosate formulations that contain POEA are more toxic to 
freshwater and marine/estuarine organisms than formulations that do not contain POEA, they do 
not pose risks of concern to the environment when used as directed on the label. 


In the terrestrial environment the only risk identified was for terrestrial plants, therefore, spray 
buffer zones are required to reduce exposure to sensitive terrestrial plants. 
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Glyphosate formulations pose a negligible risk to freshwater fish and amphibians, but may pose 
a risk to freshwater algae, freshwater plants, marine/estuarine invertebrates and marine fish if 
exposed to high enough concentrations. Hazard statements and mitigation measures (spray buffer 
zones) are required on product labels to protect aquatic organisms. 


Glyphosate, AMPA and POEA do not meet all Toxic Substances Management Policy (TSMP) 
Track 1 criteria and are not considered Track 1 substances. Other than incident reports of damage 
to plants and one exceptional incident regarding fish in a river (PRVD2015-01, Section 4.2.3), 
there are currently no environmental incident reports involving glyphosate in Canada. 


Value Considerations 


What is the Value of Glyphosate? 


Glyphosate plays an important role in Canadian weed management in both agricultural 
production and non-agricultural land management and is the most widely used herbicide 
in Canada. 


Glyphosate is an important herbicide for Canadian agriculture: 


• Due largely to its broad and flexible use pattern and its wide weed-control spectrum, it is 
the most widely used herbicide in several major crops grown in Canada, such as canola, 
soybean, field corn and wheat. It is also one of only a few herbicides regularly used in 
fruit orchards, such as apple. 


• It is the essential herbicide for use on glyphosate tolerant crops (GTCs), including canola, 
soybean, corn, sweet corn and sugar beet. The combination of GTCs and glyphosate has 
been adopted as an important agricultural production practice in Canada. 


• It has a wide application window ranging from pre-seeding to after seeding (prior to crop 
emergence), in-crop, pre-harvest or post-harvest, providing a flexible and effective weed 
management program. 


• It is one of a few herbicides that can also be used as a harvest management and 
desiccation treatment. 


• Post-harvest stubble treatment with glyphosate allows reduced or zero tillage, which has 
facilitated the adoption of conservation agriculture that results in improved soil quality. 


Glyphosate is also an important weed management tool and is widely used for weed control in 
non-agricultural land management, such as forestry, industrial areas, and along rights-of-way. It 
is an effective tool for control of many invasive weed species and is also used in the control of 
toxic plants, such as poison ivy. 


Measures to Minimize Risk 


Labels of registered pesticide products include specific instructions for use. Directions include 
risk-reduction measures to protect human health and the environment. These directions must be 
followed by law. As a result of the re-evaluation of glyphosate, the PMRA is requiring further 
risk-reduction measures in addition to those already listed on glyphosate product labels. 
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Additional risk-reduction measures are discussed below. Label amendments to be implemented 
are found in Appendix IV. 


Human Health 


• To protect commercial and residential applicators: glyphosate is not to be applied using 
hand-wicking or hand-daubing methods. 


• To protect workers entering treated sites: a restricted-entry interval (REI) of 12 hours is 
required for agricultural uses. 


• To protect bystanders: a statement is required indicating that the product is to be applied 
only when the potential for drift to areas of human habitation or areas of human activity, 
such as houses, cottages, schools and recreational areas, is minimal. 


Environment  


• Environmental hazard statements are added to inform users of toxicity to non-target 
species. 


• Spray buffer zones to protect non-target terrestrial and aquatic habitats are required. 
• To reduce the potential for runoff of glyphosate to adjacent aquatic habitats, 


precautionary statements for sites with characteristics that may be conducive to runoff 
and when heavy rain is forecasted are required. In addition, a vegetative strip between the 
treatment area and the edge of a water body is recommended to reduce runoff of 
glyphosate to aquatic areas. 


What Additional Scientific Information is Being Requested? 


There are no additional data requirements proposed as a condition of continued registration of 
glyphosate products. 


International Regulatory Status and Updates on Glyphosate 


The PMRA routinely works collaboratively with other member countries within the Organisation 
for Economic Co-operation and Development (OECD) on the regulation of pesticides. As part of 
the re-evaluation of an active ingredient, the PMRA takes into consideration recent 
developments and new information on the status of a pesticide in other jurisdictions. Glyphosate 
is currently acceptable for use in other OECD countries, including the United States, Australia 
and the European Union. As of 8 March 2017, no decision by an OECD member country to 
prohibit all uses of glyphosate for health or environmental reasons has been identified. 
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In March, 2015, the World Health Organization's (WHO) International Agency for Research on 
Cancer (IARC) published a summary of results of their hazard classification of five pesticides, 
including glyphosate. IARC classified glyphosate as probably carcinogenic to humans. It is 
important to note that the IARC classification is a hazard classification and not a health risk 
assessment. This means that the level of human exposure, which determines the actual risk, was 
not taken into account by IARC. 


In November, 2015, the European Food Safety Authority (EFSA) finalized their re-assessment of 
glyphosate, concluding that glyphosate is unlikely to pose a carcinogenic hazard to humans. The 
EU also set an acute reference dose, which is the same as that set by the PMRA (PRVD2015-01). 
In May 2016, the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) concluded that 
glyphosate is unlikely to be genotoxic at anticipated dietary exposures and that it is unlikely to 
pose a carcinogenic risk to humans from exposure through the diet. In March, 2017, the 
European Chemical Agency (ECHA) and the Australian Pesticides and Veterinary Medicines 
Authority (APVMA) released their determination that glyphosate is not a carcinogen. Currently, 
no pesticide regulatory authority, including Health Canada, considers glyphosate to be a 
carcinogenic risk of concern to humans. 


Canada and the USEPA have been collaborating on the re-evaluation of glyphosate. In December 
2016, the USEPA Scientific Advisory Panel (SAP) discussed the cancer potential of glyphosate, 
and Health Canada’s PMRA participated as an observer. The final SAP meeting report was 
posted on March 17, 2017. The PMRA is continuing to monitor regulatory activities from other 
regulatory organizations, including the USEPA’s review of the SAP recommendations and final 
determination regarding the potential carcinogenicity of glyphosate. 


Health Canada’s PMRA sets Maximum Residue Limits (MRLs) for pesticide residues on food, 
which is the maximum amount of residue that is expected to remain on food products when a 
pesticide is used according to label directions. These are set at levels well below the amount that 
could pose a health concern. In 2015, the Canadian Food Inspection Agency (CFIA) tested 
approximately 700 samples consisting of a variety of juice and juice blends, grains and grain 
products, beans, lentils, and a wide variety of fruit and vegetables. The CFIA also initiated a 
targeted survey of approximately 2,500 samples, looking at levels of glyphosate in bean, pea, 
lentil, chickpea and soy products, as well as less commonly consumed grains such as barley, 
buckwheat and quinoa. The results show a high degree of compliance with the MRLs established 
by the PMRA for glyphosate. The CFIA anticipates having the full analysis completed by Spring 
2017. 


Other Information 


Any person may file a notice of objection regarding this decision on glyphosate within 60 days 
from the date of publication of Re-evaluation Decision RVD2017-01, Glyphosate. For more 
information regarding the basis for objecting (which must be based on scientific grounds), please 
refer to the Pesticides and Pest Management portion of Health Canada's website (Request a 
Reconsideration of Decision), or contact the PMRA's Pest Management Information Service. 
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List of Abbreviations 


AD   administered dose  
ADI   allowable daily intake 
a.e.   acid equivalent 
AFC   antibody forming cells  
AHS   agricultural health study  
AMPA   aminomethylphosphonic acid 
APVMA   Australian Pesticide and Veterinary Medicines Authority 
ARfD   acute reference dose 
ASAE   American Society of Agricultural Engineers 
ATAE   phosphate ester, tallowamine, ethoxylated  
Atm   atmosphere 
BAF   bioaccumulation factor 
BCF   bioconcentration factor 
Bt   Bacillus thuringiensis 
BVL   The German Federal Office for Consumer Protection and Food Safety  
CARC   Cancer Assessment Review Committee  
CAS   Chemical Abstracts Service 
CFIA   Canadian Food Inspection Agency 
CHMS   Canadian Health Measures Survey 
Cm   centimeter 
DACO   Data Code  
DAR   Draft Assessment Report  
DIR   Directive  
DMTT   PMRA drift mitigation technical team 
DT50   time required for 50% dissipation of the initial concentration 
EC25    effective concentration on 25% of the population 
EC50    effective concentration on 50% of the population 
ECx    effective concentration on x (any number) % of the population 
ECHA   European Chemicals Agency  
EDSP   Endocrine Disruptor Screening Program 
EDSTAC   Endocrine Disruptor Screening and Testing Advisory Committee 
EDTA    Endocrine Disrupters Testing and Assessment 
EFSA   European Food Safety Authority 
EP    end-use product 
EU   European Union 
EUP   end-use product  
EUP + POEA  end-use products containing the surfactant POEA 
EUP NO POEA end-use products that do not contain POEA 
FA   fraction of species affected 
FAO   Food and Agriculture Organization of the United Nations 
FIFRA   Federal Insecticide, Fungicide, and Rodenticide Act  
GLP   Good Laboratory Practices 
GMO   genetically modified  
Ha   hectare(s) 
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HC5  hazardous concentration to five percent of species in a Species Sensitivity 
Distribution (SSD) 


HD5  hazardous dose to five percent of species in a Species Sensitivity 
Distribution (SSD) 


Hr   hour(s) 
HL   Hodgkin’s lymphoma  
IARC   International Agency for Research on Cancer  
ICH  International Council on Harmonization of Technical Requirements for 


Pharmaceuticals for Human Use  
IgM   Immunoglobulin M 
IPA salt   isopropylamine salt 
IPCS   International Programme on Chemical Safety  
IRIS   Integrated Risk Information System  
JGTF   Joint Glyphosate Task Force 
JMPR   Joint WHO/FAO Meeting on Pesticide Residues 
Kow    n-octanol-water partition coefficient 
L    litre 
Lab    laboratory 
LC50    lethal concentration on 50% of the population 
LCx    lethal concentration on x (any number) % of the population 
Log   logarithm 
LOAEL   lowest observed adverse effect level 
m3   meter cube 
mg   milligram 
mm   millimeter 
Mn   Manganese 
MOA   Mode of Action 
MOE   Margin of Exposure 
MRL   Maximum Residue Limit 
MWCF   Molecular Weight Conversion Factor 
N. bruchi   Neochetina bruchi 
Ng   nanogram 
NHL   Non-Hodgkin Lymphoma  
NOAEL   no observed adverse effect level 
NOEC    no-observed-effect-concentration 
NOEL    no-observed-effect-level 
NOI    notice of intent 
NPAFC   North Pacific Anadromous Fish Commission 
NTP   National Toxicology Program 
NZEPA   New Zealand Environmental Protection Authority  
OECD   Organization for Economic Co-operation and Development 
OPP   Office of Pesticides  
Pa   pascal 
PCPA   Pest Control Products Act  
PMRA   Pest Management Regulatory Agency 
POEA   Polyethoxylated tallow amines  
PPE   Personal Protective Equipment 
ppm   parts per million 


2499Appeal Book, Tab 31







List of Abbreviations 


  
 


Re-evaluation Decision – RVD2017-01 
Page 13 


PRVD   Proposed Re-evaluation Decision 
RAR   Renewal Assessment Report  
ROS   reactive oxygen species 
RD   Residue Definition 
RED   Reregistration Eligibility Decision  
REG   Regulatory Note  
REI   Restricted-Entry Interval  
REV   Re-evaluation Note  
RVD   Re-evaluation Decision  
SAP   Scientific Advisory Panel  
SPN   Science Policy Note  
spp.   species (plural) 
SSD   species sensitivity distribution 
Tech.   technical 
TGAI    technical grade active ingredient 
TSMP    toxic substances management policy 
TTR   Turf Transferable Residue 
UK    United Kingdom 
USEPA   United States Environmental Protection Agency 
USFDA   United States Food and Drug Administration 
VMG    Validation Management Groups 
WHO   World Health Organization 
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Appendix I Comments and Responses 


The PMRA received written comments from the technical registrants, the public and other 
stakeholders relating to the Proposed Re-evaluation Decision PRVD2015-01, Glyphosate. The 
comments and PMRA responses are summarized based on common scientific themes. 


1.0 Comments Related to the Health Risk Assessments 


1.1 Comments Related to Toxicology 


In addition to specific comments related to the toxicological evaluation of glyphosate, comments 
related to broader considerations, were also received. These broader comments included 
questions on the established paradigms for the toxicological evaluation of chemicals in general, 
comments on the Organization for Economic Co-operation and Development (OECD) guidelines 
for the testing of chemicals, concerns relating to the independence of the scientific findings, 
principles of Good Laboratory Practices (GLP), and other aspects of toxicological assessments. 
Although these broader types of comments were beyond the scope of the re-evaluation of 
glyphosate, every effort has been made to respond to the underlying concerns in the submitted 
comments as they relate to the toxicology review and health aspects of the glyphosate re-
evaluation in Canada. 


1.1.1 Salivary gland alterations and Acceptable Daily Intake (ADI) 


Comment 
The Joint Glyphosate Task Force (JGTF) proposed that the observation of cellular alterations in 
salivary glands results from oral irritation caused by dietary administration of glyphosate acid – a 
strong organic acid. New data was submitted to support this conclusion. In addition, it was noted 
that Canadian glyphosate formulations do not contain the technical acid, but instead contain 
neutral glyphosate salts (for example, potassium, ammonium, and isopropylamine). The JGTF 
requested that the PMRA consider the new data, re-assess the adversity of this finding, and base 
the ADI calculation on a more toxicologically relevant No Observed Adverse Effect Level 
(NOAEL). 
 
PMRA Response 
The newly submitted data consisted of a dose-range finding study and a non-guideline definitive 
study that examined the effects of citric acid administered to rats via gavage (to bypass direct 
oral exposure) or via diet, and trisodium citrate dihydrate given via diet for seven weeks. Rats 
treated with citric acid in their diet (a low pH diet) exhibited more pronounced changes in parotid 
glands (increased weight and histopathology severity) compared to rats receiving citric acid via 
gavage, or trisodium citrate dihydrate by diet (high pH diet). 
 
However, an acidic diet did not appear to be the only factor responsible for changes in parotid 
glands, since these changes (albeit less pronounced) were also observed in both the high pH diet 
and gavage-treated citric acid (low pH) groups. Also, other organizations have conducted studies 
examining different modes of action (MOAs) that might explain changes observed in salivary 
glands of animals fed glyphosate-treated diets.  
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For example, as discussed in PRVD2015-01, (page 12), studies by the National Toxicology 
Program (NTP) indicated that glyphosate may be a β-adrenergic receptor agonist, as histological 
similarities were noted in salivary glands of animals treated with glyphosate acid, or a β-
adrenergic receptor agonist (isoproterenol), and were reduced in severity by propranolol (a β-
adrenergic receptor antagonist). 
 
Additionally, the hazard assessment was based on the ‘active substance’ (glyphosate acid). 
Guideline toxicity data for “neutral” glyphosate salts, with particular attention to salivary gland 
examination in repeat-dose studies, were not available for selection of the toxicity endpoints. 
 
The toxicological evaluation relied on a number of co-critical studies, rather than one ‘key 
study’, to establish each endpoint. The ADI (PRVD2015-01, page 20) is based on a 2-year study 
in rats with a NOAEL of 32/34 mg/kg bw/day, the highest (combined) NOAEL for all 2-year rat 
studies. The lowest (combined) Lowest Observed Adverse Effect Level (LOAEL) is 100 mg/kg 
bw/day, based on decreased body weight and increased incidences and severity of cellular 
alterations in the parotid and submandibular glands in one of the two-year rat studies. This 
choice of NOAEL and LOAEL is further supported by the NOAEL of 30 and LOAEL of 100 
mg/kg bw/day, based on decreased body weight in three one-year dog studies. Thus, the selected 
ADI is based on two primary findings (decreased body weight as well as histological changes in 
the parotid salivary gland) observed in a number of different studies. No revision is required. 
 
1.1.2 Acute Reference Dose (ARfD) for females 13-49 years of age  


Comment 
The endpoint selected for the ARfD for females 13-49 years of age was considered by the JGTF 
to be based on a spurious finding that is not reflected across developmental toxicity studies of 
glyphosate in rabbits. The JGTF presented an evaluation of seven rabbit developmental toxicity 
studies conducted by Kimmel et al. (2013), which concluded that the body of data failed to 
support an increased incidence of interventricular septal defects in the fetuses resulting from 
treatment with glyphosate during gestation in rabbits. Overall, the JGTF requested that the ARfD 
for this subpopulation be aligned with the ARfD for the general population. 
 
PMRA Response 
As noted in PRVD2015-01, the PMRA considered the evaluation conducted by Kimmel et al. 
(2013) in detail, as well as other available information, and based its conclusion on the overall 
weight-of-evidence in establishing an ARfD for the subpopulation of females 13-49 years of age. 
 
Briefly, several limitations were noted in the analysis by Kimmel et al. (2013) including data 
tabulation errors and a lack of, or inadequately characterized, historical control data for key 
studies, including the study on which the PMRA based the ARfD. A re-analysis of this key study 
(Brooker et al. 1991, PMRA #1161779; PRVD2015-01) in conjunction with additional historical 
control data supplied by the JGTF resulted in the PMRA concluding that the incidence of cardiac 
malformations was increased relative to both concurrent and historical control data in high-dose 
animals, with an increase in variations at the mid-dose. The additional historical data provided by 
the JGTF did not alter the PMRA’s original conclusions, thus, the ARfD for females 13-49 years 
of age was not revised. 
 


2503Appeal Book, Tab 31







Appendix I 


  
 


Re-evaluation Decision – RVD2017-01 
Page 17 


1.1.3 Cancer Risk Assessment  


Comments 
1.1.3.1 International Agency for Research on Cancer (IARC) Glyphosate Monograph5 
 
The majority of comments in relation to the 2015 IARC assessment, which classified glyphosate 
as ‘probably carcinogenic to humans’, requested that the PMRA review and re-assess the 
potential carcinogenicity of glyphosate, and restrict/ban its uses in Canada. Some comments 
noted that while the IARC assessment is a hazard classification, it also took into account the 
human exposure levels to glyphosate, largely by incorporating the epidemiological studies into 
the assessment. Some comments recommended that the PMRA apply the IARC classification in 
selecting a sensitive endpoint for occupational and bystander risk assessment in order to protect 
against the risk of developing non-Hodgkin’s lymphoma and/or other cancers. 
 
1.1.3.2 Ovarian Tubulostromal Tumours 
 
The JGTF noted that PRVD2015-01 reported an increased incidence of ovarian tubulostromal 
tumours. The JGTF stated that these neoplasms arise out of the germinal epithelium of the 
ovarian stroma, are similar to those seen in epithelial hyperplasia, and therefore, do not provide 
sufficient evidence for oncogenicity. They also provided historical control data relevant to the 
strain of mice used, and noted that the reported incidence was within the range of Charles River 
historical control data for this finding. The JGTF requested that PMRA consider this finding as 
not related to glyphosate treatment and revise the text on page 89 of PRVD2015-01 from 
“equivocal evidence of oncogenicity” to “no evidence of oncogenicity” 
 
1.1.3.3 Agricultural Health Study and Multiple Myeloma  
 
The JGTF requested that the PMRA reconsider the suggested association between multiple 
myeloma and glyphosate use that was reported by the Agricultural Health Study (AHS) 
publication (De Roos et al. 2005, PMRA#:2391583). The comments indicated that it has been 
over 10 years since the study was conducted and a follow-up study, noted by De Roos as being 
necessary, has not been performed. The JGTF also noted that in an effort to understand how the 
conclusion of ‘suggested association’ was reached in the AHS study, the data were analyzed by a 
third-party expert (Sorahan, 2015) who determined that De Roos et. al., 2005 had pared down the 
AHS data set to come to the conclusion of ‘suggested association’. When the full data set is 
analyzed, the risk ratio is 1.1, demonstrating no association between multiple myeloma and 
glyphosate use. Additionally, no association between multiple myeloma and glyphosate use was 
noted by the IARC review of glyphosate, which considered the Sorahan (2015) paper. 
 


                                                           
5  IARC (International Agency for Research on Cancer). IARC Monographs on the Evaluation of 


Carcinogenic Risks to Humans. Volume 112 (2015). Some Organophosphate Insecticides and Herbicides: 
Diazinon, Glyphosate, Malathion, Parathion, and Tetrachlorvinphos. Available online from 
http://monographs.iarc.fr/ENG/Monographs/vol112/mono112-09.pdf [last accessed June, 2016]  
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PMRA Response to Comments 1.1.3.1 – 1.1.3.3  
 
Background 
 
In March, 2015, the International Agency for Research on Cancer (IARC) published a summary 
of the basis for their hazard classifications of five pesticides, including glyphosate, which they 
classified as ‘probably carcinogenic to humans’. The PMRA’s position on the IARC’s hazard-
based classification was included in PRVD2015-01, published in April, 2015, however, the full 
IARC monograph only became available in July, 2015. The PMRA has since reviewed this 
document; a summary of the PMRA review is discussed below. 
 
The IARC Assessment 
 
The PMRA and IARC assessments of the carcinogenic potential of glyphosate were based on 
different datasets and considerations. As noted in Re-evaluation Note 2010 (REV2010-02), the 
PMRA collaborated with the United States Environmental Protection Agency (USEPA) on the 
re-evaluation of glyphosate, which included the examination of published scientific toxicity data 
according to the principles set out in USEPA guidance.6 Additionally, considerations laid out in 
a second USEPA guidance7 document were applied in the review of published epidemiology 
data. 
 
The carcinogenic potential of glyphosate acid, the technical active ingredient, was assessed by 
the PMRA using a weight-of-evidence approach. Many registrant-supplied studies are available 
on the carcinogenic potential of glyphosate, which include lifetime cancer bioassays, as well as 
in vitro and in vivo mutagenicity studies. In addition, published data as well as epidemiological 
data were available for consideration. Results were then integrated and weighed according to 
their reliability, relevance and consistency. Note that studies conducted with glyphosate alone 
were considered more relevant in characterizing its inherent toxicity than were studies on the 
formulated products reported in the scientific literature, as the latter contained a variety of other 
constituents that, in most cases, were not identified. The compositions of formulated products are 
considered proprietary data, and often differ between countries. However, the composition of the 
formulated products must be disclosed to regulatory authorities in the country of registration; 
(see Genotoxicity section below). Although it is argued that formulated glyphosate products are 
more representative of ‘real life’ conditions, it is important to keep in mind that many different 
products (pesticide and non-pesticide) share many of these same constituents. In order to fully 
characterize a pesticide active ingredient, it is necessary to understand its inherent toxicity, 
which can only be characterized in the absence of these other constituents.  


                                                           
6  EPA (U.S. Environmental Protection Agency), 2012, Guidance for Considering and Using Open Literature 


Toxicity Studies to Support Human Health Risk Assessment. Available online from 
http://www2.epa.gov/sites/production/files/2015-07/documents/lit-studies.pdf [last accessed February, 
2016] 


7  EPA (U.S. Environmental Protection Agency), 2010, February 2010 FIFRA SAP meeting minutes: Draft 
Framework and Case studies on Atrazine, Human Incidents, and the Agricultural Health Study: 
Incorporation of Epidemiology and Human Incident Data into Human Health Risk Assessment. Available 
online from https://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2010-0125-0079 [last 
accessed February 2016]  
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In addition, studies that complied with internationally accepted test guidelines were considered 
by the PMRA to be more relevant and reliable than published studies conducted with 
methodologies not recognized by regulatory agencies or organizations, such as the OECD. In 
total, the PMRA, in cooperation with the USEPA, assessed a much larger and more relevant 
body of scientific information than was considered by the IARC. 


Conversely, in its evaluation of the carcinogenic potential of glyphosate, the IARC considered 
only published sources of toxicology data, which included the scientific literature and certain 
documents published by regulatory agencies. The IARC did not directly consider, or did not 
consider at all, unpublished toxicology studies that were available to international regulatory 
agencies. It is the PMRA’s understanding that unpublished registrant-sponsored studies are not 
requested by the IARC for their deliberations. Furthermore, the IARC classifications of 
carcinogenic hazard are based on scientific consensus related to the evidence examined, but do 
not provide risk information or recommendations for regulation or legislation. The IARC 
assessment relied on many studies that did not characterize the composition of the tested 
mixtures (formulated products) and/or grouped all glyphosate formulated products, regardless of 
their composition. The composition of glyphosate formulated products differs around the world, 
even in those marketed under the same trade name. This difference in the evaluation approach 
used by the IARC and the PMRA is an important distinction because some studies, mostly in 
vitro, with glyphosate formulated products suggest that certain formulations are genotoxic, while 
studies examining the active substance alone do not show this effect. This may indicate that 
genotoxicity observed in these studies is related to other constituents in the formulated product 
rather than glyphosate acid. The constituents of all pest control products registered in Canada are 
disclosed to the PMRA, and toxicity data (as well as other data) are also required for each 
formulated product, which are examined during the pre-market review process. 


Genotoxicity  
 
The PMRA did not identify any genotoxic potential for the active ingredient glyphosate acid. 
Negative results for in vitro and in vivo gene mutation and chromosomal effect assays in 
mammalian cells contributed to the overall conclusion that the active ingredient glyphosate was 
not genotoxic. In vitro studies are generally conducted to predict a potential effect in animal (in 
vivo) studies. In vivo studies are weighted more than in vitro studies based on relevancy and 
integrated metabolism of the whole animal. 
 
A large battery of genotoxicity assays conducted according to the OECD test guidelines for 
glyphosate is available. Many studies have been replicated several times, and all indicated 
negative results for genotoxicity. The IARC assessment did not consider the majority of these 
studies. Instead, the IARC monograph reported mixed results for studies with glyphosate 
formulated products that examined DNA damage, gene mutation, and chromosomal aberrations, 
and included results from non-mammalian systems – for example fish, and plants, that are not 
considered relevant for human health hazard characterization. 
 
The IARC monograph also noted that in several cases, positive results occurred at very high or 
toxic dose levels only. It is important to characterize the relationship of genotoxic results in the 
context of observed cytotoxicity. Positive results at very high or toxic dose levels indicate that 
the genotoxic effects are due to cytotoxicity rather than direct DNA-acting properties of 
glyphosate formulated products. High-dose cytotoxicity was one factor in the weight-of-evidence 
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approach used by the PMRA when considering the genotoxic potential of glyphosate, and is 
consistent with international approaches (EFSA 2011,8 USEPA 1986,9 USFDA, ICH S2(R1)10). 
The observed cytotoxicity is likely associated with surfactants that are present in many 
formulated products. For example, polyethoxylated tallow amines (POEAs), which are typical 
surfactant components of many glyphosate products, were shown to produce cytotoxic effects 
such as perturbation/disruption of the mitochondrial membrane in cultured mammalian cells 
(Levine et al. 2007,11 Kier and Kirkland 201312). A number of negative genotoxicity studies 
were reported by Kier and Kirkland (2013), but not considered by the IARC. It should be noted 
that genotoxic effects resulting from cytotoxicity exhibit a threshold, and carefully selected 
reference doses protect against this effect. 
 
The IARC suggested other ‘mechanisms of action’ that might contribute to potential 
carcinogenicity, such as inflammation, immunosuppression, endocrine disrupting activity and 
oxidative stress, which were based mainly on in vitro studies. However, no evidence of 
glyphosate-induced immunosuppression was observed in a registrant-supplied guideline 
immunotoxicity study reviewed by the PMRA. In addition, no other studies in the extensive 
toxicity database suggested a concern for immunotoxicity, inflammation or oxidative stress. 
Glyphosate also showed no evidence of interaction with estrogen, androgen or thyroid endocrine 
pathways in studies conducted by the USEPA Endocrine Disruptor Screening Program (EDSP). 
 
Carcinogenicity  
 
1. Studies in Animals  
 
As reported in PRVD2015-01, the PMRA also assessed the carcinogenic potential of glyphosate 
in several long-term animal studies, which included two mouse studies and four rat studies, as 
well as studies in the published literature. Although, not all available carcinogenicity studies on 
glyphosate were submitted to the PMRA, reviews, evaluation reports, and committee meeting 
documents from international regulatory authorities (EFSA and USEPA) for these particular 
studies were considered by the PMRA. No evidence of carcinogenicity was identified in any of 
the rat studies reviewed by the PMRA, or in the additional rat studies reviewed by other 
regulatory authorities. 
 


                                                           
8  EFSA (European Food Safety Authority), 2011. Scientific opinion on genotoxicity testing strategies 


applicable to food and feed safety assessment. EFSA Scientific Committee, EFSA journal, 9, 2379 
9  EPA (U.S. Environmental Protection Agency), 1986. Guidelines for mutagenicity risk assessment. Fed. 


Register 51. 34006-34012.  
10  FDA (U.S. Food and Drug Administration), 2012. Guidance for Industry. S2(R1) Genotoxicity Testing and 


Data Interpretation for Pharmaceuticals Intended for Human Use. Available online from 
http://www.fda.gov/downloads/Drugs/Guidances/ucm074931.pdf [last accessed February, 2016]  


11  Levine SL, Han Z, Liu J, et al. (2007). Disrupting mitochondrial function with surfactants inhibits MA-10 
Leydig cell steroidogenesis. Cell Biology and Toxicology, 23, 385–400. Available online from 
http://link.springer.com/article/10.1007%2Fs10565-007-9001-6 [last accessed June, 2016]  


12  Larry D. Kier & David J. Kirkland (2013) Review of genotoxicity studies of glyphosate and glyphosate-
based formulations, Critical Reviews in Toxicology, 43:4, 283-315. Available online from 
http://www.tandfonline.com/doi/full/10.3109/10408444.2013.770820#.V2G7ZtJIiUk [last accessed June, 
2016] 
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The IARC assessed seven long term studies in rats and two studies in mice. Pancreatic islet cell 
adenomas were noted in male rats in two of the rat studies. However, these findings were not 
dose-related and/or occurred at the low dose only. The IARC also reported a statistically 
significant positive trend for hepatocellular adenomas in male rats only (with no evidence of pre-
neoplastic lesions or progression to carcinomas), and a statistically significant positive trend for 
thyroid C-cell adenomas in female rats only. None of these tumours were reproduced in other 
chronic studies in rats. 
 
PRVD2015-01 reported a marginal increase in the incidence of ovarian tubulostromal 
hyperplasia and adenomas in mice. However, since adenomas were observed at the limit dose of 
testing, they were not considered relevant for human health risk assessment. Furthermore, 
additional historical control data submitted during the PRVD comment period indicated that the 
incidence of ovarian adenomas was actually within the historical control range for the 
conducting laboratory, which increased the likelihood that these tumours were not treatment-
related. 
 
For the two mouse studies, the IARC identified a positive trend for renal tubule adenomas and 
carcinomas in male mice in one study, and a positive trend for hemangiosarcoma in males in the 
other study. However, these tumours were not reproduced in other mouse studies, which used 
similar and higher doses (1000-4000 mg/kg bw/day). 
 
Since the publication of PRVD2015-01, a review by Greim et al. (201513) of 14 long-term 
glyphosate toxicity/carcinogenicity studies in rodents included four additional studies in rats and 
three additional studies in mice, which were negative for carcinogenicity. These seven studies 
were not considered acceptable by the IARC due to insufficient reporting of the study methods 
and results by Greim et al. The PMRA had access to detailed information for these studies, 
which were considered acceptable for hazard characterization; and the USEPA and EFSA also 
considered these studies as part of their assessment of the carcinogenic potential of glyphosate. 
 
2. Epidemiological Studies  
 
The PMRA, USEPA and the European Food Safety Authority (EFSA14) have concluded that the 
currently available epidemiological database does not support a causal relationship between 
exposure to glyphosate and cancer outcomes. 
 
A general discussion of pivotal epidemiology studies, as identified in the IARC assessment, is 
presented below. 
 


                                                           
13  Helmut Greim, David Saltmiras, Volker Mostert & Christian Strupp, (2015), Evaluation of carcinogenic 


potential of the herbicide glyphosate, drawing on tumor incidence data from fourteen 
chronic/carcinogenicity rodent studies, Critical Reviews in Toxicology, 45:3, 185-208. Available online 
from http://dx.doi.org/10.3109/10408444.2014.1003423 [last accessed June, 2016]  


14  Ntzani EE, Chondrogiorgi M, Ntritsos G, Evangelou E, Tzoulaki I. Literature review on epidemiological 
studies linking exposure to pesticides and health effects. EFSA (European Food Safety Authority), EFSA 
supporting publication 2013:EN-497, 159 pp. Available online from 
http://www.efsa.europa.eu/en/supporting/pub/497e [Last accessed February, 2016] 
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Multiple Myeloma 
 
As a part of a larger study known as the Agricultural Health Study (AHS), a prospective cohort 
study examined cancer incidence in pesticide applicators in Iowa and North Carolina. As 
described in PRVD2015-01, the most relevant finding in this study was a non-statistically 
significant association between multiple myeloma and glyphosate exposure. The relative risk 
was 1.1 when adjusted for age (95% CI, 0.5-2.4; 32 cases; only 20 cases reported exposure to 
glyphosate), but was 2.6 (95% CI, 0.7-9.4) when adjusted for multiple confounders (age, 
smoking, other pesticides, alcohol consumption, family history of cancer, and education). 
Evidence for an exposure-response trend by duration or intensity of pesticide use was not 
observed during the relatively short period (enrollment in the study was 1993-1997 to end of 
2001) of follow-up (PMRA#:2391583). In a follow-up analysis of male participants in the same 
cohort, no correlation was observed between exposure to glyphosate and risk of a pre-malignant 
plasma disorder (monoclonal gammopathy of undetermined significance) that typically precedes 
the development of multiple myeloma (Landgren et al., 2009). In multiple re-analyses of the 
AHS data, including that of Sorahan (2015), no definitive association between glyphosate 
exposure and multiple myeloma was observed. 
 
Non-Hodgkin lymphoma (NHL) 
 
In many case-control studies, as reported by IARC, the USEPA and EFSA, some investigators 
observed a positive, but generally non-statistically significantly association between glyphosate 
use and NHL cases, while others reported no association. Variation in the quality of exposure 
assessment, study design and methods, in addition to a lack of available information on 
confounding variables may explain inconsistencies in the data. NHL is also not a specific 
disease, as mentioned by most authors of these studies, but consists of multiple types of 
lymphoma that are classified for convenience as not being Hodgkin’s lymphoma. For example, 
multiple myeloma can also be considered a type of NHL; however, the data on multiple 
myeloma was analysed separately by the IARC, instead of considering it with NHL studies. The 
World Health Organization has dismissed the dichotomous classification of lymphomas as 
NHL/HL (Hodgkin’s lymphoma); and 43 different types of lymphomas have been characterized 
(Berry 201015). Proper classification of the disease (for example, the type of cancer) is important 
in epidemiology studies in order to adequately link it with the exposure to a chemical. 
 
The interpretation of available epidemiological studies involving glyphosate is problematic due 
to a lack of adequate characterization of glyphosate exposures, the small number of cancer cases, 
and other confounding variables. For example, glyphosate exposure was analyzed with several 
other pesticides, exposure was generally based on questionnaires, classification of the type of 
cancer was not consistent, and the contribution of toxicity from formulants could not be assessed.  
 


                                                           
15  Berry, C.L. 2010. Relativism, regulation and the dangers of indifferent science. The Sir Roy Cameron 


lecture of the Royal College of Pathologists. Toxicology 267 (2010) 7-13. Available online from 
http://www.sciencedirect.com/science/article/pii/S0300483X09005812?np=y [Last accessed 
February 2016]  
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Only once an association is plausibly established can criteria, (such as Bradford Hill) be 
considered to determine whether a causal relationship exists16. Without a causal relationship, 
epidemiology data cannot be used to establish references doses or occupational endpoints. 
 
Finally, it is important to note that the experts convened by the IARC to assess the carcinogenic 
hazard of glyphosate concluded that there is limited evidence of glyphosate-related 
carcinogenicity in humans based on the available epidemiological studies. This conclusion is 
consistent with the limited utility of epidemiology studies in selecting reference doses to conduct 
a human health risk assessment for glyphosate. 
 
While epidemiology data have inherent limitations, reported findings have the advantage of 
being directly based on human exposures and population responses. Because of these 
advantages, epidemiological studies may provide valuable information in the Adverse Outcome 
Pathway framework17. The PMRA continues to support the conduct of well-designed 
epidemiological studies where exposure conditions are well characterized. 
 
Conclusion 
 
Overall, the IARC concluded that the evidence of carcinogenicity was limited in humans but 
sufficient in animals. This conclusion was reached based on statistically increased incidences of 
tumour findings in four chronic studies in rodents (two in rats and two in mice), as well results 
from genotoxicity (mostly in vitro) assays using formulated products. However, the IARC did 
not reflect the lack of dose-response relationships or other contextual information (for example, 
background/ historical control data, cytotoxicity) in their decision. 
 
Based on a weight-of-evidence analysis that utilized all available carcinogenicity studies in 
animals, together with other contextual information, the PMRA did not consider any of the 
observed tumours to be treatment-related. The main aspects of this weight-of-evidence analysis 
are highlighted below: 


• A clear dose-response was not observed for any of the noted tumours 
• The statistically significant findings via pairwise comparisons were weighed against the 


lack of dose-response relationships. 
• The statistically significant positive trend was weighed against the lack of consistency 


across several relevant studies from a total of fourteen long term toxicity/carcinogenicity 
studies in rodents. 


• Slightly increased tumour incidences at dose levels at or above the limit dose of testing 
(1000 mg/kg bw/day) were not considered relevant for human health risk assessment. 


                                                           
16  EPA (U.S. Environmental Protection Agency), 2010, February 2010 FIFRA SAP meeting minutes: Draft 


Framework and Case studies on Atrazine, Human Incidents, and the Agricultural Health Study: 
Incorporation of Epidemiology and Human Incident Data into Human Health Risk Assessment. Available 
online from https://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2010-0125-0079 [last 
accessed February, 2016] 


17  OECD, Organisation for Economic Co-operation and Development (OECD), 2012, Adverse Outcome 
Pathways, Molecular Screening and Toxicogenomincs. Available online from 
http://www.oecd.org/chemicalsafety/testing/adverse-outcome-pathways-molecular-screening-and-
toxicogenomics.htm [Last accessed February, 2016] 
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• Incidences fell within valid historical control data from the respective performing 
laboratories. 


• There was a lack of pre-neoplastic lesions (for example, foci, hypertrophy, and 
hyperplasia) and/or other biologically plausible evidence (for example, mode of action 
data) to relate the noted tumours to glyphosate treatment. 


• The weight-of-evidence from a wide range of assays, both in vitro and in vivo, that 
examined various endpoints such as gene mutation, chromosomal damage, DNA damage 
and repair, indicated no genotoxic concern for glyphosate. 


• The currently available epidemiology evidence does not support a causal relationship 
between exposure to glyphosate and cancer outcomes. 
 


The PMRA’s determination on the carcinogenic potential of glyphosate is consistent with the 
most recent conclusions of other international regulatory authorities and intergovernmental 
organizations (USEPA CARC Report,18 EFSA,19 JMPR,20 ECHA,21 and NZEPA22), which 
concluded that glyphosate is unlikely to be genotoxic or carcinogenic. Therefore, the PMRA’s 
conclusion with respect to the carcinogenicity of glyphosate acid, as outlined in PRVD2015-01, 
is unchanged. 
 
1.1.4 Immunotoxicity 


Comment 
The JGTF noted that no statistically significant increase in T-cell dependent antibody response or 
total activity in the immunotoxicity study was observed. The JGTF requested that the statement 
regarding “evidence of immunotoxicity” be corrected to “no evidence of immunotoxicity.” The 
JGTF also requested that additional wording be included to qualify PMRA’s conclusion of “an 
altered function of the immune system could not be ruled out” to provide further context to 
PRVD2015-01. 
 


                                                           
18  EPA (U.S Environmental Protection Agency), 2015, Cancer Assessment Document – Evaluation of the 


Carcinogenic Potential of Glyphosate. Final Report. Cancer Assessment Review Committee. Available 
online from http://src.bna.com/eAi [Last accessed June, 2016]  


19  EFSA (European Food Safety Authority), 2015. Conclusion on the peer review of the pesticide risk 
assessment of the active substance glyphosate. EFSA Journal 2015; 13(11):4302 [107 pp.] Available online 
from: https://www.efsa.europa.eu/en/efsajournal/pub/4302 [Last accessed June, 2016] 


20  Pesticides Residues in Food, 2016. Special Session of the Joint FAO/WHO Meeting on Pesticide Residues 
– Report 2016. ISSN 2070-2515. FAO Plant Production and Protection Paper 227. Available online from 
http://www.who.int/foodsafety/areas_work/chemical-risks/jmpr/en/ [last accessed June, 2016] 


21  ECHA (European Chemicals Agency). Public consultation on the harmonised classification and labelling 
proposal for Glyphosate. ECHA/NI/16/25. 2016. Available online from http://echa.europa.eu/view-article/-
/journal_content/title/public-consultation-on-the-harmonised-classification-and-labelling-proposal-for-
glyphosate [last accessed June, 2016] 


22  NZEPA (New Zealand Environmental Protection Authority). Review of the Evidence Relating to 
Glyphosate and Carcinogenicity. 2016. Available online from 
http://www.epa.govt.nz/Publications/EPA_glyphosate_review.pdf [last accessed August, 2016] 
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PMRA Response  
 
In the registrant-submitted immunotoxicity study, a dose-related increase in the T-cell dependent 
antibody response (IgM (Immunoglobulin M) AFC (Antibody Forming Cells)/106 spleen cells) 
was observed. The magnitude of increase was 10%, 18%, and 31% at 150, 449 and 1448 mg/kg 
bw/day, respectively, compared to the control group. The test guideline stated that a response of 
800-1,000 IgM AFC/106 spleen cells should be noted in the negative control mice for the strain 
used in the AFC assay. Examination of individual animal data for T-cell dependent antibody 
response revealed that seven, six and eight animals in low, mid- and high dose groups, 
respectively, had a response higher than 1000 IgM AFC/106 spleen cells, compared to four 
animals in the control group, which indicated a treatment-related effect. 
 
PRVD2015-01 also noted a dose-related increase in total spleen activity (IgM AFC/spleen x 
103). The magnitude of increase for this effect was 13%, 50% and 54% @ 150, 449 and 1448 
mg/kg bw/day, respectively, compared to the value of the vehicle control group. A non-dose-
related increase in spleen cellularity (spleen cells × 107) of 20% and 10% in the mid- and high 
dose animals, respectively was noted. This increased immune response in the AFC assay was 
considered potentially treatment-related. However, immune effects were not observed in the rest 
of the toxicity database, and ultimately, this finding did not impact the risk assessment. 
 
In summary, the PMRA examined trends (for example, dose-response relationships) as well as 
statistical significance in assessing the relevance of the above findings. Given that the variation 
(standard deviation) in the AFC assay data are generally large, key considerations other than 
statistical significance were important in developing an overall conclusion. The WHO (201223) 
recommends considering unintended immune system stimulation as a noteworthy finding, but 
one that may be difficult to characterize or unambiguously define as adverse. Similarly, the 
USFDA (200224) considers unintentional immunostimulation as a potentially adverse effect. 
 
1.1.5 Aggregate Endpoint  


Comment 
A number of comments contested the endpoint selected by the PMRA for aggregate risk 
assessment, indicating that the NOAEL of 32/34 mg/kg bw/day from a 2-year rat study was 
inappropriate. The comments recommended that the endpoint be based on a NOAEL of 
10 mg/kg bw/day due to an increased incidence of renal tubular dilation in F3b offspring at the 
LOAEL in a three-generation reproduction toxicity study, as identified by the USEPA Integrated 
Risk Information System (IRIS). 
 


                                                           
23  WHO (World Health Organization – International Programme on Chemical Safety), 2012. Guidance for 


Immunotoxicity Risk Assessment for Chemicals. Available online from 
http://www.inchem.org/documents/harmproj/harmproj/harmproj10.pdf [Last accessed June, 2016]  


24  FDA (U.S Food and Drug Administration), 2012, Guidance for Industry – Immunotoxicology Evaluation 
of Investigational New Drugs. Available online from 
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm079239.pdf 
[last accessed June, 2016]  
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PMRA Response 
 
Aggregate exposure is the total exposure to a single pesticide that may occur from food, drinking 
water, residential and other non-occupational sources, and from all known or plausible exposure 
routes (oral, dermal and inhalation). An initial step in performing an aggregate risk assessment is 
to review all available toxicity data and to identify the most appropriate toxicological endpoints 
of concern and their associated parameters (such as dose, duration, and route).25 
 
Since histological changes in the salivary glands were observed in many repeat-dose oral studies 
over various durations in two species (rats and mice), it was considered a common endpoint of 
concern for aggregate risk assessment (as indicated in PRVD2015-01, page 27), particularly for 
potential aggregate exposure from food, drinking water and residential scenarios. In addition, 
this was considered appropriate for all durations since the same effects were observed from very 
short term dosing (28-day) or chronic dosing (two-year) studies. In reconciling the dosing routes, 
it was indicated that dermal toxicity studies did not examine salivary glands histologically and 
repeat dose inhalation studies were not available. As such, effects on salivary glands are assumed 
to occur via inhalation or dermal routes in the absence of route-specific and convincing mode of 
action data to support route-specificity of these findings. 
 
Furthermore, the reproduction study in which renal tubular dilation was noted in the F3b 
offspring, was not considered acceptable due to many reporting limitations. It is also important to 
note that this finding was observed macroscopically in a few animals only, and was considered a 
spurious finding in the USEPA Office of Pesticides (OPP), JMPR and EFSA assessments. 
Additionally, this finding does not meet the criteria for determining an appropriate toxicology 
endpoint for aggregate risk assessment (SPN2003-0426). Therefore, the endpoint chosen for 
aggregate risk assessment in PRVD2015-01 remains unchanged. 
 
1.1.6 Cumulative Risk Assessment 


Comment 
A number of submitted comments recommended that PMRA conduct an assessment of the 
cumulative effects of the glyphosate pest control product and other pest control products that 
have a common mechanism of toxicity. 
 


                                                           
25  PMRA (Pest Management Regulatory Agency), 2003, General Principles for Performing Aggregate 


Exposure and Risk Assessments. Available online from http://www.hc-sc.gc.ca/cps-spc/alt_formats/pacrb-
dgapcr/pdf/pubs/pest/pol-guide/spn/spn2003-04-eng.pdf [Last accessed February, 2016] 


26  EPA (U.S. Environmental Protection Agency), 2001, General Principles for Performing Aggregate 
Exposure and Risk Assessments. Available online from http://www2.epa.gov/sites/production/files/2015-
07/documents/aggregate.pdf [Last accessed February, 2016] 
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PMRA Response 
 
The Pest Control Products Act requires that PMRA assess the cumulative effects of pesticides. A 
cumulative assessment evaluates the potential adverse health effects from being exposed to more 
than one pesticide at a time from the same pesticide “group”. These groups are created based on 
a common toxic effect that occurs by the same or similar mechanism. Glyphosate acid does not 
appear to share a common mode of toxicity with other pesticides. As such it does not belong to a 
‘pesticide group’ that requires assessment of cumulative effects. 
 
For more information and/or a description of the steps taken to determine a pesticide “group” for 
assessment of cumulative effects, refer to SPN2001-01.27 
 
1.1.7 The Pest Control Products Act (PCPA) Hazard Characterization  


Comment  
A number of comments recommended that the PMRA apply a 10-fold Pest Control Products Act 
factor for human health risk assessment, as required under the Pest Control Products Act. The 
comments indicated that there was evidence of sensitivity of infants and children to glyphosate in 
the studies discussed in PRVD2015-01. In two of the three reproduction toxicity studies, 
decreased body weight in rat pups was noted at non-maternally toxic doses. The PMRA was also 
referred to studies in the published literature that reported endocrine effects and toxicity in the 
young. 
 
PMRA Response 
 
For assessing risks from potential residues in food or from products used in or around homes or 
schools, the Pest Control Products Act requires the application of an additional 10-fold factor to 
threshold effects to take into account completeness of the data with respect to the exposure of, 
and toxicity to, infants and children, and potential pre- and postnatal toxicity. 
 
As indicated in PRVD2015-01 (page 17) with respect to the completeness of the toxicity 
database of glyphosate, many available guideline and non-guideline studies have investigated the 
potential developmental, reproductive, and endocrine effects of glyphosate. Recently, the 
USEPA completed an assessment of the results of their Endocrine Disrupting Screening Program 
(EDSP) Tier I testing and concluded that glyphosate showed no evidence of interaction with 
estrogen, androgen or thyroid endocrine pathways (USEPA, 2015). It is important to note that 
studies required in the EDSP program are of higher quality and reliability than certain studies 
available in the published scientific literature, including the in vitro assays cited in the comments 
received on PRVD2015-01. 
 
With respect to potential pre- and postnatal toxicity, the two-generation reproduction toxicity 
studies in rats provided no indication of increased sensitivity of the young. In these studies, 
although offspring toxicity typically consisted of decreased body weight at doses that did not 


                                                           
27  PMRA (Pest Management Regulatory Agency), 2001, Science Policy Notice (SPN2001-01) Guidance for 


Identifying Pesticides that have a Common Mechanism of Toxicity for Human Health Risk Assessment 
Available online from http://www.hc-sc.gc.ca/cps-spc/alt_formats/pacrb-dgapcr/pdf/pubs/pest/pol-
guide/spn/spn2001-01-eng.pdf [Last accessed June 2016] 
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appear to produce maternal toxicity, it was noted that these same dose levels produced toxicity in 
adult animals in other studies available in the glyphosate database, (PRVD2015-01, pages 14, 17, 
80, 81) lessening the level of concern for this finding. Additionally, the selected reference doses 
provide a sufficient margin (1000-fold) to the dose levels at which the pup bodyweights were 
affected. 
 
In summary, based on the completeness of the database with respect to developmental and 
reproductive toxicity, the10-fold Pest Control Products Act factor was reduced to 1-fold for most 
populations. However, a 3-fold Pest Control Products Act factor was retained for the ARfD for 
females 13-49 years of age, for reasons discussed in PRVD2015-01 (page 17) and Section 1.1.2 
of this document. For more information on the application of the Pest Control Products Act 
factor, please refer to SPN2008-01.28 
 
1.1.8 General Comments on Health Effects and Toxicology Review 


Comment 
A number of comments from various stakeholder organizations (for example, Canadian 
Association of Agri-Retailers, the Canola Council of Canada, and Central Kootenay Invasive 
Species Society) acknowledged and supported the proposed re-evaluation decision on the health 
aspects of glyphosate. These comments emphasized the importance of a science-based approach 
in reviewing glyphosate and agreed with the proposed regulatory label changes. 
 
PMRA Response 
 
The PMRA re-evaluation drew upon a large, comprehensive body of scientific information that 
included data from registrants, published scientific studies, as well as information from other 
regulatory authorities, which formed the basis of its conclusions. 
 
1.1.9 Glyphosate, GMOs (Genetically modified) and Health effects 


Comment 
A number of comments cited information from various non-governmental organizations or 
independent researchers, and requested that the PMRA use these sources of information as 
evidence for health risks of pest control products containing glyphosate in order to restrict or 
phase-out the uses of these products in Canada. 
 


                                                           
28  PMRA (Pest Management Regulatory Agency), 2008, Science Policy Note (SPN2008-01): The Application 


of Uncertainty Factors and the Pest Control Products Act Factor in the Human Health Risk Assessment of 
Pesticide. Available online from http://www.hc-sc.gc.ca/cps-spc/pubs/pest/_pol-guide/spn2008-01/index-
eng.php [Last accessed June, 2016] 
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PMRA Response 
 
As noted in previous responses, the PMRA conducted a weight-of-evidence assessment that 
considered all relevant, hazard/toxicity data for glyphosate, including data from registrants, 
published scientific studies, and information from other regulatory authorities. In the PMRA 
assessment, published scientific toxicity data was evaluated according to the principles set out in 
a published USEPA guidance document.29 
 
In contrast, while the documents/websites cited in these comments attempted to consolidate a 
wide range of sources of information, some of these studies were of low quality and reliability 
due to significant reporting limitations, and/or did not utilize accepted study methodologies, 
while others were anecdotal in nature. Also, as discussed in response to comments 1.1.3.1-
1.1.3.3, studies based on formulated products are considered less relevant to characterizing the 
potential inherent toxicity of glyphosate itself, due to multiple and often unidentified 
constituents. Thus, the submitted citations did not result in a change to the toxicity assessment 
for glyphosate. The studies cited in these comments that were considered by the PMRA are listed 
in the reference list section of this document. 
 
1.1.10 Glyphosate and Modern Diseases (such as Autism, and Celiac Disease) 


Comment 
A number of comments cited published articles that link glyphosate to various health problems 
such as autism, and celiac disease (for example, Samsel and Seneff 201330; 201531), and 
requested that PMRA restrict and/or phase-out the uses of pest control products containing 
glyphosate based on health effects reported in these articles. 
 
PMRA Response 
 
Correlations do not provide sufficient evidence of causation. These articles report disease 
frequencies in specific regions over several time periods. Although correlations were reported, 
these were difficult to interpret, as it could not be determined whether the health outcomes 
preceded or followed glyphosate application. These articles also lacked sufficient detail 
regarding the strength, consistency and specificity of the noted correlations. For example, in 
regions where glyphosate applications were low, it was not clear if the health outcomes occurred 
at lower incidences compared to those of the regions where glyphosate applications were at 
higher levels. Overall, due to the lack of adequate information regarding the amount, route or 
duration of exposure; or the timing between exposure and the onset of the symptoms, an 
association and/or causality relationship could not be assessed. 


                                                           
29  EPA (U.S. Environmental Protection Agency), 2012, Guidance for Considering and Using Open Literature 


Toxicity Studies to Support Human Health Risk Assessment. Available online from 
http://www2.epa.gov/sites/production/files/2015-07/documents/lit-studies.pdf [last accessed February, 
2016] 


30  Samsel A, and Seneff S. 2013. Glyphosate’s suppression of Cytochrome P450 enzymes and amino acid 
biosynthesis by the gut microbiome: pathways to modern diseases. Entropy. 15: 1416-1463. 


 
31  Samsel A, and Seneff S. 2015. Glyphosate, pathways to modern diseases III: Manganese, neurological 


diseases, and associated pathologies. Surgical Neurology International. 6 (45). 
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1.1.11 Health Effects on the Gastrointestinal Tract and its Microbiome 


Comment 
A number of comments cited published articles that report an impact of glyphosate on the human 
intestinal microbiome, producing gastrointestinal effects which, some propose, may ultimately 
affect human health. Some comments noted that glyphosate is patented as an antibiotic, and 
requested information on the long term effects of ingesting glyphosate, on the human gut 
microbiome. Overall, the comments claimed that the PMRA did not address the implications of 
the chelation activity and antimicrobial properties of glyphosate. 
 
PMRA Response 
 
Glyphosate targets an amino acid synthesis pathway in plants that is shared by certain types of 
bacteria, but not humans. There is very little scientific evidence to support the claim that 
glyphosate has any direct impact on human gut microflora, or has any subsequent health effect. 
Several reports32 33 postulate that environmental chemicals may potentially lead to changes in 
normal gut microbiota. However, information to date is based on in vitro studies, with in vivo 
evidence being very limited and inconclusive. 
 
The reference doses established by the PMRA, and documented in PRVD2015-01, include 
consideration of clinical signs of toxicity on the gastrointestinal tract and are considered 
protective of potential effects on the gastrointestinal tract. 
 
1.1.12 Endocrine Effects 


Comment 
A few comments referred the PMRA to articles that indicated glyphosate was an endocrine 
disruptor and requested that the PMRA use this evidence to phase-out pest control products 
containing glyphosate. 
 
PMRA Response 
 
The cited articles were generally studies that examined the effects of glyphosate formulations on 
a specific biochemical pathway in in vitro tests. These studies frequently did not provide test 
material composition.  
 
The PMRA considered multiple lines of evidence from various toxicity studies in assessing the 
potential for glyphosate to affect endocrine systems. Studies conducted by the NTP, guideline 
two-generation reproduction toxicity studies, as well as studies conducted under the US EDSP 
                                                           
 
32  Shehata AA, Shrödl W, Aldin AA, Hafez HM, Kürger M. 2013. The effect of glyphosate on potential 


pathogens and beneficial members of poultry microbiota in vitro. Current Microbiology 66(4): 350-358. 
Available online from http://link.springer.com/article/10.1007%2Fs00284-012-0277-2 [Last accessed 
June, 2016] 


33  Dietert, RR. The Microbiome in early life: self-completion and microbiota protection as health priorities. 
Birth Defects Research (Part B) 101: 333-340 (2014). Available online from 
http://onlinelibrary.wiley.com/doi/10.1002/bdrb.21116/abstract [last accessed June, 2016] 
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program (United States Endocrine Disruptor Screening Program), were considered. Glyphosate 
has not been shown to interact with any specific endocrine pathway and has no physical / 
chemical properties or structural similarity to other chemicals that are known to interact with the 
endocrine system. Finally, as noted in response to comment 1.7, the USEPA completed a weight-
of-evidence assessment on results obtained from the EDSP assays and concluded that glyphosate 
does not interact with estrogen, androgen, or thyroid pathways and that additional Tier 2 data 
was not triggered.  
 
Thus, there is no compelling evidence to suggest that glyphosate has any significant adverse 
effect on endocrine-related pathways. See also response to comment 2.2.7. 
 
1.1.13 Bioaccumulation  


Comment 
A few comments questioned whether glyphosate could accumulate in the body over time and 
how glyphosate is monitored to ensure levels do not go above acceptable limits that could cause 
health effects.  
 
PMRA Response 
 
No indication of glyphosate accumulation was reported in any of the toxicity studies, as 
summarized in PRVD2015-01. When animals received single or repeat doses (14 days), in each 
case, the administered dose (AD) was excreted within 7 days post-dosing and negligible levels 
(under 1% of AD) remained in the examined tissues. Overall, the metabolic studies indicated 
poor absorption from the gut, almost complete excretion, and very minor metabolism in animals. 
Published regulatory reports by EFSA and the USEPA confirm these results. In summary, 
glyphosate is not expected to accumulate in the body over time. Refer also to response 2.2.8. 
 
1.1.14 Use of Independent Scientific Studies  


Comment 
A number of comments stated that the PMRA, in its review of glyphosate, appeared to consider 
only “seller sponsored science”. The comments referred the PMRA to a number of published 
studies that link glyphosate to health effects. Overall, these comments emphasized support for 
the use of “third party” data in assessing the health effects and making the final re-evaluation 
decision for glyphosate, in lieu of manufacturer-supplied data. 
 
PMRA Response 
 
Regulatory authorities world-wide regard studies that are performed under conditions of good 
laboratory practices (GLP) and according to internationally agreed upon study designs, such as 
the OECD test guidelines, as the most reliable, reproducible, and scientifically sound. Studies 
conducted according to these guidelines are of sufficient statistical power to detect effects of 
concern, they investigate many potential endpoints of toxicological concern, and have detailed 
individual animal results that enable regulatory authorities to thoroughly evaluate and interpret 
the data in an independent manner. Adherence to these guidelines produces studies in which 
regulators have a high degree of confidence.  
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Studies conducted by academic laboratories often have lower statistical power due to the use of 
fewer animals, investigate far fewer toxicological endpoints, and lack sufficient detail in their 
published form. These limitations prevent regulatory authorities from performing an in-depth 
analysis of study results.  
 
As discussed in PRVD2015-01, the re-evaluation took into account all relevant sources of 
toxicity data in order to evaluate the potential health effects of glyphosate acid. This included an 
independent review of registrant-supplied data, which are required for the pesticide review and 
approval process in Canada, as well as consideration of scientific publications and information 
from other regulatory authorities. 
 
For more information on the toxicology data requirements for registration of pest control 
products in Canada, please consult Guidance for Developing Datasets for Conventional Pest Control 
Product Applications: Data Codes for Parts 1 - 7 and 1034 and/or ‘OECD Series on Principles of 
Good Laboratory Practice and Compliance Monitoring’.35 Refer also to comment 2.2.9.  
 
1.1.15 Health Effects of the Glyphosate Formulated Products  


Comment 
A number of comments questioned why glyphosate formulated products were not assessed for 
their health effects, stating that the health effects discussed in PRVD2015-01 were based on the 
active substance (glyphosate acid). 
 
PMRA Response 
 
Although the majority of mammalian toxicity studies for glyphosate were conducted using the 
active substance (glyphosate acid), toxicology studies that assess the acute hazard of formulated 
products are also examined. Individual formulated products are also used for other studies, such 
as in the generation of residue chemistry (field trial) data considered during the risk assessment 
phase. For more information on the data required for the active ingredient and formulated end 
use products for the registration of pest control products in Canada, please consult Guidance for 
Developing Datasets for Conventional Pest Control Product Applications: Data Codes for Parts 
1-7 and 10. 
 
In addition, as part of the glyphosate re-evaluation, an assessment was conducted on 
polyethoxylated tallow amines (POEA), which are a family of compounds often used as 
formulants in pest control products that function as surfactants. POEA substances (CAS no. 


                                                           
34  Guidance for Developing Datasets for Conventional Pest Control Product Applications: Data Codes for 


Parts 1, 2, 3, 4, 5, 6, 7 and 10. Available online from http://www.hc-sc.gc.ca/cps-spc/pubs/pest/_pol-
guide/data-guide-donnees/index-eng.php [Last accessed Dec, 2016] 


35  OECD (Organisation for Economic Co-operation and Development), 1997, OECD Series on Principles of 
Good Laboratory Practice and Compliance Monitoring – Number 1. OECD Principles on Good Laboratory 
Practice (as revised in 1997). Available online from 
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/mc/chem(98)17&doclanguag
e=en [Last accessed June, 2016] 
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61791-26-2) are included on List 4B of PMRA’s list of Formulants (see REG2005-0136 page 
28). Currently, formulants are categorized into one of the five lists which rank them in 
descending order of concern. List 4B contains formulants are of minimal concern under specific 
conditions of use. For more details on the regulation of formulants in pest control products, refer 
to the PMRA Regulatory Directive DIR2006-02.37 
 
As indicated in PRVD2015-01, the USEPA completed a human health risk assessment for 
phosphate ester, tallowamine, ethoxylated (ATAE), which is a subfamily of POEA. The PMRA 
considered the USEPA review, and reviewed the available toxicity studies that made up the 
USEPA assessment, including the pivotal study used in endpoint selection, which was a 
combined repeat-dose rat toxicity study with a reproduction/developmental toxicity screening 
component. As noted in the USEPA assessment, glyphosate products that contain no more that 
20% POEA by weight are not of concern. Currently, all registered glyphosate products in Canada 
meet this limit. 
 
1.2 Comments Related to Occupational / Residential Exposure 


1.2.1 Bystanders 


Comment  
There were many general comments suggesting that the current level of non-dietary exposure to 
glyphosate is not safe for the general public (bystanders). 


PMRA Response 
Only those uses where human exposure to a pesticide is well below the level that cause effects in 
animal tests are considered acceptable for registration in Canada. This was confirmed with the 
re-evaluation of glyphosate  
 
During the re-evaluation of glyphosate, it was recognized that there is potential for short-term 
exposure when entering treated non-cropland areas (in other words, hiking through forests or 
parks that have recently been treated with glyphosate). Calculated MOEs for all lifestages met 
the target MOE and are therefore not of concern to human health. In the interest of promoting 
best management practices and to minimize human exposure the following label statement is 
required: 
 
“Apply only when the potential for drift to areas of human habitation or areas of human activity 
such as houses, cottages, schools and recreational areas is minimal. Take into consideration wind 
speed, wind direction, temperature inversions, application equipment and sprayer settings.” 


                                                           
36  PMRA (Pest Management Regulatory Agency), 2005. Regulatory Note: PMRA List of Formulants. 


Available online from http://publications.gc.ca/collections/Collection/H113-7-2005-1E.pdf [Last accessed 
February 2016] 


37  PMRA (Pest Management Regulatory Agency), 2006. Regulatory Directive: Formulants Policy and 
Implementation Guidance Document. Available online from http://www.hc-sc.gc.ca/cps-
spc/alt_formats/pacrb-dgapcr/pdf/pubs/pest/pol-guide/dir/dir2006-02-eng.pdf [Last accessed February, 
2016] 
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1.2.2 Restricted-Entry Interval 


Comment 
Comments questioned the basis for changing the “Restricted-Entry Interval” to 12 hours for 
commercial class products, when PRVD2015-01 states that postapplication risks are not of 
concern for all uses. Comments indicated that, in general, glyphosate dries on the plant very 
quickly and there are no residues that can be readily passed on to workers. It was recommended 
that the label not specify a time limit but should instead indicate that field entry is allowed once 
the herbicide application has dried. 
 
PMRA Response 
A restricted-entry interval (REI) is the period of time that agricultural workers, or anyone else, 
must not do hand labor in treated areas after a pesticide has been applied. This is to allow 
residues and vapours to dissipate to safe levels for work to be performed. Hand labour tasks 
involve substantial worker contact with treated surfaces such as plants, plant parts, or soil. 
 
All pest control products with agricultural uses require a minimum REI of 12 hours to protect 
workers, and others, from potential risks that may occur from both immediate and longer-term 
exposures to pesticide residues, vapors, and particulates. A minimum 12-hour REI allows 
residues to dry and vapors to dissipate, limiting potential effects such as irritation or allergic 
reactions. 
 
1.2.3 Personal Protective Equipment 


Comment  
It was noted that in the proposed label amendments for products containing glyphosate, as 
presented in Appendix XII of PRVD2015-01, there is no mention of proposed changes for 
protective clothing at the time of mixing and loading, application, clean-up and repair. For 
commercial formulations of glyphosate, the current label wording makes no requirement for use 
of personal protective equipment during application. The lack of proposed label changes for 
protective clothing is an important oversight, especially the lack of requirement for protective 
clothing during spraying. 
 
PMRA Response 
The exposure estimates for mixers, loaders, and applicators of glyphosate used in the agricultural 
exposure assessment presented in PRVD2015-01 were based on a baseline level of PPE (long 
pants, long sleeved shirts and chemical-resistant gloves). The calculated dermal, inhalation, and 
combined MOEs are greater than the target MOE for all mixing, loading, and applying activities 
and therefore are not of concern. As such, no additional requirements for protective clothing 
beyond the baseline level of PPE are needed, as the existing labels already include the 
appropriate PPE. 
 
1.2.4 Application Rates in Aggregate Exposure Assessment 


Comment  
In PRVD2015-01, all three aggregate exposure scenarios initially assumed 2 applications with a 
7 day interval at the highest rate. At that application rate, the calculated MOEs for adult and 
youth/children (6 to <11 years old) scenarios reached the target MOE of 100, but the MOE for 
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children (1 to <2 years old) for the post-application + incidental oral exposure + chronic dietary 
scenario did not. It was interpreted that the PMRA changed the aggregate assessment to one 
application of glyphosate with a seven-day time-weighted turf transferable residue average for 
the entire aggregate assessment for all populations. It was suggested to use the highest 
application rate and frequency of glyphosate use to assess the aggregate exposures, and, if safety 
margins (MOE) were not met, to propose meaningful and wide-ranging use restrictions to 
increase human health protection. 
 
PMRA Response 
When conducting the aggregate exposure assessment, 2 applications (with a 7 day interval) at the 
highest rate were assumed. All calculated MOEs reached the target MOE except for children (1 
to <2 years old) for the post-application + incidental oral exposure + chronic dietary scenario. 
Therefore, dietary and non-dietary exposure refinements were required. 
 
The dietary exposure assessment used US Tolerances or Codex MRLs for situations where these 
values were greater than Canadian MRLs. However, domestic production and import statistics 
indicated that barley, oats, and wheat consumed in Canada are almost totally produced in Canada 
(>99%), with <1% imported. Thus, it was considered reasonable to use Canadian MRLs for 
these crops as a refinement in the calculation of the chronic dietary exposure estimates for the 
purpose of aggregation with residential exposure only, rather than the US and Codex group 
tolerance of 30 ppm. The current Canadian MRLs in these cereal crops are as follows: barley 
(and barley flour) - 10 ppm, barley milling fractions (except flour) -15 ppm, oat (and oat flour) - 
15 ppm, oat milling fractions (except flour) - 35 ppm, wheat (and wheat flour) - 5 ppm, and 
wheat milling fraction (except flour) - 15 ppm. 
 
In addition, assuming 2 applications (with a 7 day interval) at the maximum application rate is a 
highly conservative exposure assumption, as it is unlikely that children would be exposed to turf 
residues of the highest rate, at the lowest interval of application immediately after application. 
Therefore, a refinement using 1 application of glyphosate along with a 7 day time-weighted TTR 
average was used (the average resides of glyphosate were calculated over a 7 day span) for the 
entire aggregate assessment for all populations. 
 
These refinements are health protective and all calculated MOEs met the target MOE and are not 
of concern to human health. 
 
1.3 Comments Related to Dietary Exposure 


1.3.1 Genetically Modified Crops 


Comment  
A number of comments expressed concern regarding the potential for higher residue levels of 
glyphosate in genetically modified (GM) crops, as reported in the article “Compositional 
differences in soybeans on the market: glyphosate accumulates in Roundup Ready GM Soybeans. 
Bohn, T. et al., Food Chem. 2014, 153: 207-215.” 
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PMRA Response 
The residue chemistry of glyphosate, i.e. the nature and magnitude of residues of glyphosate in 
conventional (non-GM) crops, as well as in GM crops, is well understood and extensively 
documented. PMRA has received and reviewed all the metabolism studies required as per the 
PMRA Residue Chemistry Guidelines (Dir98-0238). The residue definition (RD) in plant 
commodities is based on scientifically sound metabolism studies conducted specifically in both 
types of crops. Whenever a new variant of GM crop is introduced on the market, the residue 
definition is reassessed based on mandatory supporting metabolism studies in that particular GM 
crop variant. The residue definition in animal commodities (resulting from feeding of the GM 
crop) is adjusted accordingly. 


Currently there are three types of soybeans on the market: conventional (non-GM) soybean, 
EPSPS-GM soybean (containing the EPSPS gene) and GAT-GM soybean (containing the GAT 
gene). Based on metabolism studies in the respective crops, the RD in conventional and EPSPS 
soybeans are defined as the sum of glyphosate and its metabolite aminomethylphosphonic acid 
(AMPA). The RD in GAT soybean includes additional metabolites (acetylated glyphosate and 
acetylated AMPA) resulting from the specific biotransformation of glyphosate in GAT crops. As 
soybeans sold on the market cannot be distinguished with regards to whether they are 
conventional, EPSPS or GAT soybeans, the PMRA uses the most inclusive RD for soybeans, 
i.e., the RD in soybeans is the sum of glyphosate, AMPA and their acetylated counterparts. 


All the metabolites included in the RD were deemed toxicologically equivalent to glyphosate. 
Consequently, in terms of residues, all the metabolites are expressed as the stoichiometric 
equivalent of glyphosate by using the appropriate molecular weight conversion factor (MWCF). 
The MWCFs are 1.5 for AMPA, 1.1 for N-acetyl AMPA and 0.8 for N-acetyl glyphosate. This 
means that the residue of glyphosate in soybeans (and in canola and corn comprising similar GM 
variants) is calculated as the sum: glyphosate + 1.5 AMPA + 1.1 N-acetyl AMPA + 0.8 N-acetyl 
glyphosate. 


Residues of glyphosate (or any pesticide) in soybeans (or any crop) is a function of the 
agricultural practice by which they have been produced. GM soybeans are expected to have 
residue detects due to repeated spraying (in compliance with label directions) of plants 
throughout the production season. Conventional soybeans will contain lower residues levels 
because glyphosate is applied to weeds (before planting) and not on soybean plants. These facts 
are supported by field trial residue studies, which, as noted above, are required as per the PMRA 
Residue Chemistry Guidelines (Dir98-02). The field trial studies are conducted according to the 
petitioned-for use pattern and usage conditions (good agricultural practices) and constitute the 
basis for the registration and establishment of Maximum Residue Limits (MRLs). MRLs are 
established on the basis of worse case scenarios (maximum application rate, highest frequency of 
applications and shortest pre-harvest interval) within the agricultural practices. An MRL 
represents the maximum amount of residues that may remain on food when a pesticide is used 
according to label directions, and serves as a food safety standard. The results presented in the 
cited article did not exceed the established MRL of 20 mg/kg (20 ppm) for glyphosate in 
soybeans and confirm that current Canadian MRLs of glyphosate (including the metabolites) in 


                                                           
38  PMRA (Pest Management Regulatory Agency), 1998. Regulatory Directive: Residue Chemistry 


Guidelines. Can be requested online from http://www.hc-sc.gc.ca/cps-spc/pubs/pest/_pol-guide/dir98-
02/index-eng.php [Last accessed August 2016] 
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soybeans are adequate. These MRLs were used in the estimation of short term (acute) as well as 
long term (chronic) dietary exposures. No dietary risk concerns were identified, as the levels of 
exposure estimates were well below the reference doses set for dietary risk assessment (the 
ARfD and ADI). 


1.3.2 Mitigation Measures 


Comment 
A question was raised regarding a general (introductory) statement in Section 3.2 of 
PRVD2015-01 (Dietary Exposure and Risk Assessment) which reads: “In situations where the 
need to mitigate dietary exposure has been identified, the following options are considered. 
Dietary exposure from Canadian agricultural uses can be mitigated through changes in the use 
pattern.” The comment indicated that this statement implies that there are concerns with the 
glyphosate use pattern and, therefore, requested clarity on what mitigation measures were 
proposed. 


PMRA Response  
This is a general statement which would apply to any pesticide presenting dietary risk concerns. 
As no dietary risk concerns were identified for glyphosate, no mitigation measures were 
required. 


1.3.3 Food Labelling 


Comment  
A comment requested that “glyphosate content” be added to all food labels (in grocery stores) so 
that consumers could decide whether they want to buy food containing glyphosate residues or 
not.  


PMRA Response 
Although Health Canada and the Canadian Food Inspection Agency (CFIA) share the 
responsibility for food labelling policies under the Food and Drugs Act, food labelling does not 
fall within the mandate of the PMRA or the Pest Control Products Act (PCPA). Other areas of 
Health Canada are responsible for developing policy and setting standards related to the health 
and safety aspects of labelling under the Food and Drugs Act and Regulations, whereas the 
CFIA applies these policies and enforces the regulations. The CFIA also has the mandate to 
develop general food labelling policies and regulations not related to health and safety. In 
particular, the CFIA is responsible for protecting consumers from misrepresentation and fraud 
with respect to food labelling, packaging and advertising, and for prescribing basic food labelling 
and advertising requirements. 


With respect to glyphosate residues in foods, the CFIA is responsible for monitoring the 
Canadian food supply for pesticide residues and the determination of compliance with MRLs 
specified by Health Canada. In addition, both Canadian and international producers are aware of 
these MRLs and must comply with them in order to sell their produce in Canada or export to 
other countries that also have MRLs established. Therefore, it is expected that foods with 
residues higher than the MRL would not be present in the Canadian food supply. 
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For more details, please visit the CFIA Website at 
http://www.inspection.gc.ca/food/labelling/food-labelling-for-industry/method-of-production-
claims/genetically-engineered-foods/eng/1333373177199/1333373638071 


1.3.4 Glyphosate Used as Desiccant and Residue 


Comment  
Comments expressed concern about the use of glyphosate for pre-harvest desiccation on 
conventional crops, the level of residues left on desiccated crops at harvest and the resulting 
long-term dietary exposure. 


PMRA Response 
Glyphosate is registered for pre-harvest use (desiccation) on a number of conventional crops 
including wheat, barley, oats, canola, flax, lentils, peas, dry beans, and soybeans. To support this 
use, field trial residue studies were required to determine the level of residues resulting from the 
pre-harvest desiccation conducted according to the requested use pattern. Maximum residue 
limits (MRLs) for these crops were established on the basis of the submitted studies. Those 
MRLs were included in the estimation of short term (acute) as well as long term (chronic) dietary 
exposures. During PMRA’s assessment, no dietary risk concerns were identified, as the levels of 
exposure estimates were well below the reference doses set for dietary risk assessment (the 
ARfD and ADI). 


1.3.5 Safety of GMO Crops 


Comment  
There were general questions as to whether GM crops are safe for human consumption. 


PMRA Response 
Health Canada conducts a rigorous and thorough science-based assessment of all GM food 
products before they are allowed to enter the Canadian marketplace. The assessments are 
conducted under the Food and Drug Regulations, which prohibit manufacturers of these 
products from selling them in Canada until Health Canada has completed a full safety assessment 
and has found them to be as safe and nutritious as conventional foods. 


The approach taken by Health Canada in the safety assessment of GM foods is based upon 
scientific principles developed through expert international consultation over the last twenty 
years with agencies such as the World Health Organization (WHO), the Food and Agriculture 
Organization of the United Nations (FAO) and the Organization for Economic Co-operation and 
Development (OECD). This same approach is currently applied by regulatory authorities around 
the world in countries such as the European Union, Australia/New Zealand, Japan and the United 
States. For more details, please visit the Health Canada Website at http://www.hc-sc.gc.ca/fn-
an/gmf-agm/index-eng.php. 


1.3.6 Acceptable Level of Exposure 


Comment  
Comments included the question: “What is considered as acceptable level of exposure and how 
is that monitored to be sure that levels do not become unacceptable?” 
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PMRA Response 
When assessing pesticide related health risks, two key factors are considered: the dose levels at 
which no health effects occur in animal testing (basis for the establishment of toxicological 
reference doses for humans) and the levels to which people may be exposed through diet, when 
handling and applying the pesticide, or by entering treated sites (in other words, level of 
exposure). The dose levels used to assess risks (in other words, toxicological reference doses) are 
established to protect the most sensitive human population (for example, children and nursing 
mothers). Only pesticide uses for which the level of exposure (through diet for example) is well 
below levels that cause no effects in animal testing are considered acceptable for registration. 


Reference doses define levels to which an individual can be exposed to a pesticide residue over a 
single day (acute) or lifetime (chronic) and expect no adverse health effects. Generally, dietary 
exposure from food and water is acceptable if it is less than 100% of the acute reference dose or 
chronic reference dose (also known as acceptable daily intake).  


The amount of pesticide to which an individual is exposed (in other words, exposure) is 
determined by determining the amount of pesticide that is in or on the food (in other words, 
residue levels) and combining that with the amount and type of foods that people eat (in other 
words, food consumption). Risk is then estimated by comparing the level of exposure to the 
reference doses described above. As previously noted, if the estimated intake is less than the 
reference dose, there are no dietary risks of concern.  


In addition, inherent to pesticide registration is the establishment of maximum residue limits 
(MRLs) of the pesticide in/on foods on which the pesticide has been applied. An MRL represents 
the maximum amount of residues that may remain on food when a pesticide is used according to 
label directions, and serves as a food safety standard. The MRLs are calculated from residue data 
obtained from field trials that are conducted using the maximum application rate and the shortest 
pre-harvest interval. These MRLs, or field trial residue values, are used to estimate the level of 
dietary exposure at the time of pesticide registration. A pesticide is registered only if the 
calculated level of exposure is acceptable (in other words, exposure does not exceed the 
toxicological reference dose). The Canadian Food Inspection Agency (CFIA) is responsible for 
monitoring the Canadian food supply for pesticide residues and work very closely with Health 
Canada (PMRA) to ensure that the foods available on the Canadian market are compliant with 
the MRLs. In 2015, the Canadian Food Inspection Agency (CFIA) tested approximately 700 
samples consisting of a variety of juice and juice blends, grains and grain products, beans, lentils, 
and a wide variety of fruit and vegetables. The CFIA also initiated a targeted survey of 
approximately 2,500 samples, looking at levels of glyphosate in bean, pea, lentil, chickpea and 
soy products, as well as less commonly consumed grains such as barley, buckwheat and quinoa. 
The results show a high degree of compliance with the MRLs established by the PMRA for 
glyphosate. The CFIA anticipates having their full analysis completed by Spring 2017.  


1.3.7 Monitoring of Glyphosate Residue  


Comment  
Several comments noted: 1) the necessity to monitor amounts of glyphosate applied on fields, 
especially where resistant weeds have emerged; 2) the necessity to measure glyphosate residues 
resulting from ordinary field applications (field trial residue data); 3) the necessity to obtain 
glyphosate residue data that are reflective of foods as consumed through monitoring programs in 
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which food samples down the chain of commerce are sampled and analysed; 4) further 
information on maximum residue levels of glyphosate in food; and 5) the necessity to monitor 
glyphosate residues in body fluids and tissues (biomonitoring); as they are not included in the 
Third Report on Biomonitoring of Environmental Chemicals in Canada. 


PMRA Response 
As noted in response to comment 1.3.6, glyphosate residues on foods have been measured in 
field trial studies that are required to register a pesticide for specific uses, as per PMRA Residue 
Chemistry Guidelines (Dir98-02). These field trial data were used for the establishment of 
maximum residue limits (MRLs) for glyphosate, that is, the maximum legally allowed amount of 
glyphosate residue that may remain on foods when glyphosate is used according to label 
directions. The MRLs are enforced by law, and, the conditions of registration must be observed 
in all circumstances, regardless of whether resistant weeds have emerged or not. In cases of weed 
resistance, a higher rate than what is currently on the labels cannot be used, as this could lead to 
MRL exceedance and would be in violation of the Food and Drugs Act. The Food and Drugs Act 
prohibits the sale of adulterated food; that is, food containing a pesticide residue that exceeds the 
specified MRL.  


The Canadian Food Inspection Agency (CFIA) is responsible for monitoring the Canadian food 
supply for pesticide residues and the determination of compliance with MRLs specified by 
Health Canada. As noted in response to comment 1.3.6, in 2015, the Canadian Food Inspection 
Agency (CFIA) tested approximately 700 samples consisting of a variety of juice and juice 
blends, grains and grain products, beans, lentils, and a wide variety of fruit and vegetables. The 
CFIA also initiated a targeted survey of approximately 2,500 samples, looking at levels of 
glyphosate in bean, pea, lentil, chickpea and soy products, as well as less commonly consumed 
grains such as barley, buckwheat and quinoa. The results show a high degree of compliance with 
the MRLs established by the PMRA for glyphosate. The CFIA anticipates having the full 
analysis completed by spring 2017. A complete list of MRLs specified in Canada can be found 
on the PMRA’s MRL Database, an online query application that allows users to search for 
specified MRLs, regulated under the Pest Control Products Act, for pesticides, including 
glyphosate, or food commodities (http://pr-rp.hc-sc.gc.ca/mrl-lrm/index-eng.php). For details on 
CFIA’s monitoring program, please visit the CFIA website at 
http://www.inspection.gc.ca/food/fresh-fruits-and-vegetables/food-safety/chemical-
residues/overview/eng/1374514433922/1374514696857. 


Biomonitoring is a key tool used as an indicator and quantitative measure of exposure to 
chemicals in the environment. Human biomonitoring data contribute to our understanding of 
exposure and provide information to inform the management of the health risks posed by 
chemicals. The Canadian Health Measures Survey (CHMS) is an ongoing national biomonitoring 
survey led by Statistics Canada, in partnership with Health Canada and the Public Health Agency 
of Canada. Biomonitoring data have been reported for Cycle 1 (2007-2009), Cycle 2 (2009-
2011) and Cycle 3 (2012-2013). Cycle 4 is currently underway, with data collection for this 
cycle having taken place from 2014 to 2015. These cycles are complementary, meaning that not 
all environmental chemicals (including pesticides) are included in a given cycle. For example, 
55% of the chemicals measured in Cycle 2 were not included in Cycle 1 and about 31% of the 
chemicals measured in Cycle 3 were not included in previous cycles. Specific 
chemicals/pesticides are added to the list of measured chemicals in different cycles. Glyphosate, 
like many other pesticides, is being considered for inclusion in forthcoming cycles. For details on 


2527Appeal Book, Tab 31







Appendix I 


  
 


Re-evaluation Decision – RVD2017-01 
Page 41 


the Canadian Health Measures Survey, please visit the Health Canada Website at http://www.hc-
sc.gc.ca/ewh-semt/contaminants/human-humaine/chms-ecms-eng.php. 


1.3.8 Glyphosate Use on Forest Vegetation and Effect on Health 


Comment  
One Aboriginal group provided the following comments: 


I. Health Canada's glyphosate PRVD is based on dietary and occupational exposures that 
do not correspond with Anishinabek use of the territories for food, medicine and water; 


II. Laboratory toxicological studies are based on reference values that do not conform to 
their own standards of risk, and do not take into account the cumulative effects of the 
environmental contaminants to which they are exposed; 


III. They are concerned about the combined toxicity of glyphosate and the surfactants, 
solvents, and other additives. 


PMRA Response  
While the dietary risk assessment conducted by the PMRA does not directly assess the 
anticipated residues of glyphosate in edible forest vegetation, nor is the dietary burden to wild 
game specifically determined, based on assessments available, the PMRA does not expect that 
glyphosate residues from these foods would be of concern when ingested. This is because, in the 
dietary assessment that was conducted, residues in farm animal commodities were estimated and 
maximum residue limits (MRLs) were established by assuming the worst case scenario where 
the animal diet is considered to be comprised of 100% glyphosate-treated feedstuff, treated at the 
maximum application rate. This results in high-end residue estimates. For the same reason, 
residues in/on edible forest vegetation are expected to be low compared to MRLs established on 
conventional crops. These MRLs are established based on the worst case scenario, in other 
words, maximum application rate, shortest preharvest interval and maximum allowed number of 
applications per season. As noted in PRVD2015-01, using the above scenarios, there were no 
risk concerns from dietary exposure to glyphosate. The acute dietary exposure estimate (from 
food and drinking water) at the 95th percentile was 31% of the acute reference dose (ARfD) for 
females 13-49 years of age and ranged from 12% to 45% of the ARfD for all other population 
subgroups. The chronic dietary exposure estimate for the general population was 30% of the 
acceptable daily intake (ADI). Exposure estimates for population subgroups ranged from 20% of 
the ADI (for adults aged 50 years or older) to 70% of the ADI (for children 1-2 years old). 
Exposures less than 100% of the ARfD and ADI are not of concern. In the case of glyphosate, 
even when high-end (worst case) exposure estimates were used, no risk concerns to human 
health were identified. 


The PMRA also conducted a health risk assessment for hikers walking through the forest 
immediately after application. The populations considered were adults, youths and children aged 
6 to 10 years. From these estimates, no risk concerns were identified. As well, when exposures 
were aggregated (in other words, dietary exposure including from drinking water + non-dietary 
exposures as would occur from hiking in the forest), risks were also not of concern for the 
various population groups. Refer also to responses on environmental risk in Sections 2.2 and 2.4. 
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Regarding the cumulative effects of pesticides, please refer to the response to comments in 
Section comment 1.1.6 Cumulative Risk Assessment. 


Regarding the combined toxicity of glyphosate and the surfactants, solvents and other additives, 
please refer to the response to comments in Section 1.1.15 Health Effects of the Glyphosate 
Formulated Products.  


2.0 Comments Related to the Environmental Risk Assessments 


2.1 Environmental Fate 


2.1.1 Surficial and groundwater pollution and monitoring 


Comment 
Comments suggested or were concerned that glyphosate has the potential to leach to 
groundwater and natural areas, polluting water.  


PMRA Response 
In soil and water, glyphosate has been shown to break down quickly to aminomethylphosphonic 
acid (AMPA) through microbial processes and is considered to be non-persistent to moderately 
persistent. Glyphosate has low mobility in soil, giving it a low potential to contaminate 
groundwater systems, especially aquifers with low water hardness (Jayasumana et al. 2014). 
Glyphosate can enter surface waters when applied near water bodies or when carried in runoff, 
such as during a rain event on a steep slope. Glyphosate (without surfactant) and AMPA have 
comparable toxicological and ecotoxicological profiles, with both being considered to have low 
toxicity in general. According to the WHO (2004), the presence of glyphosate and AMPA at 
levels expected to be found in drinking water does not pose a risk to human health. Monitoring 
studies conducted throughout Canada indicate that glyphosate is rarely detected in groundwater. 
Although glyphosate is often detected in surface water, the concentrations detected are at 
relatively low levels that do not pose a risk of concern. 


2.1.2 Glyphosate and AMPA persistence in soils and waters 


Comment  
Comments noted that glyphosate soil half-life values vary widely in terrestrial field dissipation 
studies in North America and that it may be more persistent than previously thought. Glyphosate 
may build up in soils and long-term negative effects are expected to occur. Glyphosate and 
AMPA are both frequently detected in soil and water in field dissipation studies from the United 
States (Battaglin et al. 2014). 
 
PMRA Response 
Glyphosate use per hectare in Canada is much lower compared to the US. Aquatic field studies 
conducted in Canada, including water monitoring studies, demonstrate glyphosate is detected 
less frequently and at lower concentrations than those reported in the US (Glozier et al. 2012, 
Hurley et al. 2012). The use of US field data for interpretation of the fate of glyphosate in 
Canada is challenging as the countries share only a few ecoregions, with climate and soil being 
different in much of the US where glyphosate is used as compared to Canada.  
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Terrestrial field dissipation studies 
Laboratory studies conducted with glyphosate applied on different soils have DT50 (half-life) 
values ranging from 1 to 19.3 days, which classifies glyphosate as non-persistent to slightly 
persistent and indicates biotransformation by micro-organisms is effective.  
 
Canadian terrestrial field dissipation studies show DT50 values ranging from 6 to 155 days for 
agricultural soils (average of less than 45 days) and from 24 to 82 days for forest soils (average 
of less than 55 days), similarly, in the US, DT50 values range from 1 to 174 days for agricultural 
soils (average of 41 days) and from <1 to 40.2 days for forest soils. The biotransformation of 
glyphosate is faster in forest ecosystems. In both environments, the compound is generally found 
in the upper soil horizons (0-15 cm depth) indicating overall that leaching to groundwater under 
field conditions is limited. The field data suggests glyphosate is non persistent to moderately 
persistent under field conditions and is not expected to carry over to the next year. 
 
The wide range of dissipation rates, mainly in agricultural ecosystems, is likely a result of 
variation among soils, especially when considering foreign ecoregions (de Jonge et al. 2001; 
Vereecken, 2005, Borggaard and Gimsing, 2008, Farenhorst et al. 2009). Soil microbial activity 
may not always be efficient at transforming glyphosate or there may be other physical and 
chemical processes involved, reducing the rate of breakdown. Rapid adsorption to soil particles 
may play a role in preventing the transformation of glyphosate even in upper soil horizons where 
microbial activity is normally high and also when upper soil levels are not saturated with 
phosphate fertilizers (Helander et al. 2012). Preferential flow may play an important role, where 
root channels created by the death and decay of non-crop plants following glyphosate 
applications lead to the transport of glyphosate to lower soil horizons, however, leaching of 
glyphosate to deep soil horizons appears to be minimal. 
 
Aquatic field dissipation studies 
In general, aquatic field dissipation studies conducted in agricultural and forestry ecosystems in 
Canada and in the US indicate that glyphosate is non-persistent in natural waters (DT50 values 
ranging between ≤ 0.4 and 11.2 days). 
 
Aquatic field dissipation studies conducted by Battaglin et al. (2014) and Battaglin and Koloc, 
(2014), show that glyphosate is readily transformed to AMPA by micro-organisms. Glyphosate 
was detected without AMPA in only 2.3% of samples, whereas AMPA was detected without 
glyphosate in 17.9% of samples. Both compounds were reported to be detected frequently in US 
soils and sediment, ditches and drains, precipitation, rivers, and streams, but less frequently in 
lakes, ponds, wetlands, soil water and groundwater. The study authors indicated that all 
concentrations of glyphosate measured were below the levels of concern for human and wildlife 
safety. 
 
2.1.3 Runoff and aerial transport of glyphosate 


Comment 
Comments noted that the results of a runoff event studied in Argentina (Peruzzo et al. 2008) raise 
concerns about levels of glyphosate transported by runoff to aquatic environments. Glyphosate 
has been found in air and rain as demonstrated in a study conducted in Mississippi, USA (Chang 
et al. 2011, PMRA 2459642). 
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PMRA Response 
The study of Peruzzo et al. 2008 suggests that rain events play an important role in transporting 
glyphosate present in the soil to stream water through runoff. In general, in the absence of 
mitigation measures to limit the run-off, especially when the ground is bare early in the season, 
this is not disputed. However, among all pesticides used in crop production in Argentina and 
elsewhere in the world, including Canada, glyphosate is among those that bind most strongly to 
soil. Despite glyphosate’s high affinity for adsorption to soil particles, many studies have shown 
that the compound can find its way into water bodies, including studies from Italy (Screpanti et 
al., 2005; PMRA 2460734, Capri and Vicari, 2010; PMRA 2460735), the United States 
(Battaglin et al. 2005, PMRA 2423832, Scribner et al. 2007; PMRA 2460747, Newton et al. 
1984; PMRA 1155371, Edwards et al. 1980; PMRA 2462226), Europe (Coupe et al. 2011; 
PMRA 2460748, Gregoire et al. 2010; PMRA 2462223, Siimes et al. 2006; PMRA 2462224), 
South America (Aparicio et al. 2013; PMRA 2462258) and Canada (Roy et al. 1989; PMRA 
2460737, Struger et al. 2008; PMRA 1739313). 


Many of the studies reported in the literature, including the one of Peruzzo et al. 2008, were 
conducted in ecoregions that are not equivalent to any Canadian ecoregions, meaning the soil 
and climatic conditions in study locations may not be relevant to conditions in Canada.  
 
The amount of glyphosate applied in agricultural and forestry systems has increased since its first 
registration (about 40 years ago) and this is a factor in its frequent detection in surface waters 
and, more recently, in groundwaters of other countries outside North America (Sanchis et al. 
2011, PMRA 2460750).  
 
Examination of the factors controlling the transport of glyphosate to surface waters on a 
watershed scale is needed to determine which factors are important in this process and how these 
factors may change in importance, both spatially and temporally (Coupe et al. 2011, PMRA 
2460748). The strong sorption of glyphosate to soil indicates that it expected to be poorly 
mobile. Recent studies on surface waters, both in Europe and in the Americas (North and South), 
suggest glyphosate could be transported to surface waters sorbed on soil particles. Detection in 
water may not only be a result of runoff, with drift, soil erosion, precipitation, and other 
processes having a role. In addition, the saturation of soils with phosphorus may play a role in 
reducing the sorption of glyphosate to soil particles, potentially increasing the amount carried in 
runoff.  
 
Over the last two decades, Canadian growers have adopted best management practices on their 
farms (such as hedgerow, riparian strip, grass farm road, implementation of no till techniques 
leaving more plant biomass on the ground for runoff interception as well as the use of buffer 
zones) to avoid soil, fertilizer and pesticide losses from fields.  
 
Runoff events can be difficult to predict and the presence of glyphosate in water as a result of 
runoff or spray drift is expected. Proper application timing and runoff/spray drift mitigation 
measures can reduce potential impacts. 
 
Monitoring studies conducted throughout Canada indicate that glyphosate is rarely detected in 
groundwater. Although glyphosate is often detected in surface water, the concentrations detected 
are at relatively low levels that do not pose a risk of concern. 
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Glyphosate in the atmosphere 


Available information indicates that limited amounts of glyphosate may enter the atmosphere at 
the time of spray application.  
 
Glyphosate was not reported (among 49 compounds) in air or rain along the Mississippi river 
valley following an air survey campaign in 1995 (Foreman et al. 2000 and Majewski et al. 2000) 
but was recently reported to be frequently detected in air particles and rain from three 
agricultural areas of the Midwestern USA (Mississippi, Iowa and Indiana) with detection 
frequency ranging from 60 to 100% in air and rain in 2007 (Chang et al. 2011, PMRA 2459642 
and Majewski et al. 2014). Glyphosate occurred at concentrations equal to or greater than the 
concentrations of other high-use herbicides previously studied in the Midwest (Waite et al. 
2005). Unlike many other pesticides, the presence of glyphosate in air is reported to be due either 
to spray drift or wind erosion, because it is not volatile according to its low vapour pressure (1.3 
× 10-7 Pa), Henry’s law constant (2.1 × 10-9 Pa m3/mole or 2.07 x 1014 atm. m3/mole) and ionic 
character in moist soils (binding effect). Glyphosate was not measured or detected in the 
Canadian atmosphere during the Canadian Pesticide Air Sampling Campaign of 2003 (Yao et al. 
2006). 
 
In most studies, the maximum concentrations of glyphosate in air and rain correspond to the 
period of application and ranged from <0.01 to 9.1 ng/m3 and from <0.1 to 2.5mg/L in air and 
rain samples, respectively. However, during a 2007 air survey by Majewski et al. (2000 and 
2014) detectable concentrations of glyphosate were collected over the entire growing season, not 
just in spring as in previous years (before GMO’s introduction around 1995), which is reported 
to be consistent with how glyphosate is now used on genetically modified crops for post-
emergent weed control during the growing season. According to Chang et al. (2011), it is not 
known what percentage of the applied glyphosate was introduced into the air in 2007, but it is 
estimated that an average of 97% of the glyphosate in the air is removed by a weekly rainfall 
≥30 mm. Based on the physical chemistry of glyphosate and the fact that the scale of use is lower 
in Canada as compared with the US, especially in the corn belt, the concentration of glyphosate 
in air is not expected to be of concern in Canada. 


2.2 Ecotoxicological reviews 


2.2.1 Beneficial insects impacted by the use of glyphosate 


Comment 
Comments noted that glyphosate negatively affects pollinator species (especially bees) and 
beneficial insect populations. GMO crops resistant to glyphosate, such as rapeseed crops or other 
GMO crops that include an insecticidal protein (for example, Bt) may have significant 
concentrations of these compounds in their flower pollen and nectar during the growing season 
following several applications of the herbicide. Bees foraging on these flowers may then transfer 
the glyphosate (with or without the insecticidal protein) through contaminated nectar and pollen 
when they feed young bees, which may have negative impact. 
 
PMRA Response 
The re-evaluation of glyphosate included a detailed analysis of studies to determine risks 
glyphosate may pose to pollinators and beneficial insects. 
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Acute oral and acute contact exposure of honey bees, and honey bee brood to technical 
glyphosate and glyphosate formulations obtained from the registrant did not result in mortality in 
laboratory studies. All acute oral and acute contact LD50 values were greater than the highest 
concentrations tested. The results of the studies indicate that glyphosate formulations and 
technical glyphosate are relatively non-toxic to bees. The use of glyphosate is expected to pose a 
negligible acute contact and oral risk to bees.  
 
Direct exposure of bees to glyphosate through oral and contact tests represents a conservative 
exposure scenario as compared to the exposure bees receive from foraging on flowering rapeseed 
during a very specific time during the growing season. 
 
A honey bee brood field study (Thompson, 2012) was reviewed by EFSA, 2015. Study results 
were also published in 2014 (Thompson et al. 2014), where the potential for glyphosate toxicity 
to developing honey bee larvae and pupae (tested with the Technical IPA salt and a glyphosate 
formulation (MON 52276)) when fed directly to honey bee colonies, showed a NOAEL (No 
Observed Adverse Effect Level) for brood development of honey bee colonies of 301 mg 
glyphosate a.e./L sucrose solution, the highest dose tested. EFSA concluded that glyphosate 
formulations (with POEA and without POEA) are relatively non-toxic to bees in terms of acute 
contact and acute oral routes to bees and honey bee brood. 
 
Study results of Jadhav et al. 2008 showed no direct detrimental effects of glyphosate 
formulation with POEA on two water hyacinth biocontrol agents, Neochetina eichhorniae and N. 
bruchi. Jackson and Pitre (2004) demonstrated that the Roundup Ready soybean system, 
including applications of glyphosate, had no detrimental effects on pest and beneficial insects 
(Cerotoma trifurcate (Forster), Spissistilus festinus (Say), Hypena scabra (F.), and Anticarsia 
gemmatalis (Hübner) in wide-row soybean plantings. Study results of Hendrix and Parmelee 
(1985) showed that decomposition and microarthropod densities in glyphosate-treated grass litter 
(Sorghum halepense) were higher than untreated controls. Haughton et al. (2001a and 2001b) 
demonstrated that glyphosate spray applications were non-toxic to non-target spiders 
Lepthyphantes tenuis but that the loss of habitat was responsible for the reduction in abundance 
of the species. Similar observations and conclusions were found in tests carried out on the spider 
Gonatium rubens by Haughton et al. (1999). 
 
Results of acute and chronic laboratory studies examining the toxicity of glyphosate formulations 
to the springtail Folsomia candida indicated that glyphosate formulations were not toxic to adult 
springtails up to the highest concentrations tested (Santos et al. 2012, PMRA 2469288). Results 
of acute and chronic laboratory studies examining the toxicity of glyphosate formulations to 
various other beneficial terrestrial arthropods on glass plates, leaf substrate and on artificial soil 
substrate generally indicate that glyphosate formulations were not toxic to the predatory mite 
(Euseius victoriensis) (Bernard et al. 2010; PMRA 2462245), the lacewing (Chrysoperla carnea) 
(SERA, 2010; PMRA 2469282), the hoverfly (Episyrphus balteatus) (Kedwards and Travis, 
2001; PMRA 1213236), the carabid beetle (Poecilus cupreus) (Walker et al. 2000; PMRA 
1213231) or the Staphylinid beetle (Aleochara bilineata) (Hermann, 2001; PMRA 1213232) up 
to the highest concentrations tested. Based on the weight of evidence, the risk to beneficial 
arthropods from the use of glyphosate is not expected to be of concern. 
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A study conducted by Murray et al. (2009) show that 50% of all wild bee species nest in a 
burrow in the ground. The intensification of agriculture may be contributing to the loss of 
foraging habitats and nesting sites for wild bees. 
 
Studies by Duan et al. (2008) and Malone and Burgess (2009) show no adverse effects of 
glyphosate resistant Bt crops on exposed bees. These results are corroborated by Morandin and 
Winston (2003), Malone et al. (2007) and Babendreier et al. (2008), who looked at bumblebee 
colony exposure to Bt. 
 
2.2.2 The Monarch Butterfly 


Comment 
Comments noted that the Monarch Butterfly is at risk due to the destruction of milkweed habitat 
resulting from the use of glyphosate. 
 
PMRA Response 
Monarch butterflies (Danaus plexippus) rely completely on plants in the milkweed family, 
especially the common milkweed (Asclepias syriaca) for both reproduction and larval food. 
Until recently, this plant was readily found in the Midwestern Corn Belt of the US and southern 
latitudes of Canada. 
 
Monarch habitat has been documented to be in decline for the last 20 years in North America 
(Pleasants and Oberhauser, 2012, Brower et al. 2012, Bhowmik, 1994). Before the introduction 
of GMO crops, glyphosate was applied in spring at the pre-emergence stage of crops and had 
limited impact on the survival of the common milkweed (Waldecker and Wyse, 1985, Doll 
1998). But recent introduction of GMO crops resistant to glyphosate enables herbicide 
treatments to be done very late in the growing season (Carpenter and Gianessi, 1999 and Duke 
and Powles, 2008), impacting the last emerged shoots of the common milkweed, and thus, 
compromising its survival. 
 
For the monarch, the decline in milkweed represents a threat since the plant is now incapable of 
re-colonizing fields after GMO crop harvest, especially in the corn belt of the USA and now in 
the low latitude fields of Canada. The discussion is open as to what the grower should do 
regarding the competition of the milkweed and other weeds against his own crop within a 
specific field and/or the protection of the milkweed within the same field. 
 
In fact, glyphosate is not meant to destroy monarch habitats outside of field limits. This is why 
buffer strips along agricultural fields close to hedgerows and other terrestrial and aquatic habitats 
exist, and why buffer zones are required to mitigate the impact of drift on non-target organisms 
located in aquatic and terrestrial habitats. In addition to agricultural pressures, Monarch habitat is 
also threatened by natural disasters (fire, drought, flood, etc.) and urbanization. 
 
Canada is working with the US and Mexico to coordinate Monarch conservation efforts and is a 
member of the Trinational Monarch Science Partnership; the government of Canada’s 
participation is led by Environment and Climate Change Canada. Domestically, the federal 
government has posted its proposed management plan for Monarch on the Species at Risk Public 
Registry, is funding research on Monarch habitat, and is using its Species at Risk funding 
programs to support Monarch and pollinator conservation. 
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2.2.3 Effect of glyphosate and its different formulations on soil microbes 


Comment 
Comments noted that PRVD 2015-01 did not address serious concerns related to glyphosate’s 
chelation activity and antimicrobial (and antibiotic) properties. Recent published articles have 
reported that glyphosate and genetically modified (GM) crops can impact soil microbial 
populations (Fernandez et al. 2009). Glyphosate, like an antibiotic, may kill fungi in the soil, 
preventing soil microbes from delivering nutrients (minerals in particular) to plants and may 
increase plant diseases. Glyphosate may act on the shikimate pathway of gut bacteria. Research 
methods used in studies are not sensitive enough to properly determine the impact glyphosate has 
on soil microbial populations. 
 
PMRA Response 
Although the PMRA is aware that interactions between soil bacteria, fungi and plant root 
systems can improve plant health, the PMRA does not assess risks to soil microorganisms. 
Negative impacts have been observed on specific soil microbe strains, but overall, evidence 
suggests glyphosate end-use products have a low impact on deleterious and beneficial soil 
microbes following application. Glyphosate contributes to sustainable agricultural systems by 
reducing the need for cultivation (for example, no-till technique), increasing plant biomass on the 
ground, increasing the soil organic matter content, improving soil structure and reducing soil 
erosion and run-off. The fact that glyphosate use has been increasing since its first registration in 
Canada in 1976 demonstrates that growers have adopted the use of glyphosate and in turn the use 
of glyphosate-resistant crops very rapidly. If glyphosate had a meaningful negative impact on 
soil microbial activity over this 40 year use history, growers would not have been so quick to 
adopt and continue to use the product. The effects on soil microflora would have the strongest 
impact on crops grown on the fields. Areas away from the site of application are not likely to be 
negatively impacted. 
  
2.2.4 Birds and mammals exposed to glyphosate and its formulations containing 


polyethoxylated tallow amine (POEA) 


Comment  
Comments noted that glyphosate has negative effects on non-target animals. Studies from the 
United Kingdom demonstrate that glyphosate contributes to a decline in bird species and is also 
believed to be responsible for increased livestock diseases, such as infertility, nutrient 
deficiencies (connected to Mn deficiencies), stillbirths, birth defects and abnormal bone 
formation. Glyphosate, in combination with surfactants used in glyphosate end use products (for 
example, POEA), is also more toxic to non-target organisms (animals and plants) than 
glyphosate alone. 


PMRA Response 
Birds 
As presented in the PRVD2015-01, several oral, dietary and chronic toxicity studies were 
conducted with glyphosate technical and formulations on the bobwhite quail, Colinus 
virginianus, and the mallard duck, Anas platyrhynchos. Toxicity studies were also available for 
the canary, Serinus canaria (acute oral exposure with technical glyphosate) and the chicken (21-
day dietary exposure with a glyphosate formulation). Glyphosate technical was not toxic to birds 


2535Appeal Book, Tab 31







Appendix I 


  
 


Re-evaluation Decision – RVD2017-01 
Page 49 


on an acute oral, dietary or reproductive basis up to the highest concentrations or doses tested 
(PRVD2015-01). Similarly, glyphosate formulations are not particularly toxic to birds on an 
acute oral and dietary basis (reproduction tests were not available with glyphosate formulations). 
While acute oral exposure to glyphosate formulations resulted in bird mortality at high doses, 
glyphosate formulations were not toxic to birds up to the highest concentrations tested when 
exposure occurred through the diet. There is no indication that glyphosate formulations 
containing the surfactant POEA are more toxic to birds than formulations without it. Endpoints 
and risk quotients calculated using these studies are conservative as none of the toxicity studies 
conducted with technical glyphosate resulted in measured toxic effects in birds. 
 
Although bird toxicity studies indicate that acute oral exposure to high doses of wet, unaltered, 
glyphosate formulations can result in effects, these effects are not observed when exposure 
occurs from dried residues of the formulation in the diet. Exposure to glyphosate formulations 
through the consumption of contaminated food items is a more relevant route of exposure for the 
environmental assessment than acute oral exposure to the wet formulation. The time period 
during which wet unaltered formulated product would be present on food items is very limited. 
Exposure is likely to be mostly from ingestion of dried residues on food items. It is noted that 
exposure via preening, which may be a relevant exposure route for wet formulation, is not 
considered in the current assessments. Thus, more weight is given to conclusions of the dietary 
assessment than to the acute oral assessment. The risk to birds from acute oral, dietary and 
reproduction exposure to glyphosate and its formulations is expected to be low. 
 
One comment also reported the study of Newton (2004) as evidence of major farmland bird 
declines in the UK in connection with herbicide uses (not specifically glyphosate) and 
agricultural practices that would be responsible for the reduction of habitat and/or food available 
to many species. 
 
Other studies indicate minimal impacts or even the absence of negative impacts on bird 
community structure and densities following glyphosate treatments in forests and vegetative 
changes after clearcuts (Morrison and Meslow, 1984; Mackinnon and Freedman, 1993). Other 
studies (Linz et al. 1992, Linz et al. 1994, Linz et al.1995, Linz et al. 1996a, Linz et al. 1996b, 
and Solberg and Higgins, 1993) show that glyphosate treatment in wetlands to control invasive 
species such as cattails (Typha spp.) was efficient and had positive impacts by restoring bird 
habitats (open water) and by increasing original population and diversity. 


A review by Sullivan and Sullivan (2003; PMRA 2469318) reported that species richness and 
diversity of songbirds and small mammals were little affected by glyphosate-induced habitat 
alteration. Some species declined rapidly following treatment, whereas others increased in 
abundance. The effect of glyphosate on large mammalian herbivores was measured by the 
abundance of animals and food plants and by habitat use. Hares and deer were little affected, 
whereas reductions in plant biomass and related moose forage and habitat use generally occurred 
for the first few years after treatment, but not thereafter. 
 
Studies in North America have identified habitat loss as the major cause of bird declines over the 
last 25 years (Santillo et al. 1989 and Hardy and Desgranges, 1990). 
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Mammals 
Numerous acute oral toxicity studies on mammals were available for glyphosate technical and 
various glyphosate formulations. There is no indication that formulations containing the 
surfactant POEA are more toxic to mammals than formulations without POEA. Six multi-
generation reproduction studies with exposure through the diet were available for technical 
glyphosate. No reproduction studies with glyphosate formulations were available.  
  
Most mammalian toxicity studies show that exposure to high levels of glyphosate technical or its 
formulations does not result in toxic effects on mammals. Based on 60 acute oral studies, toxic 
effects were observed at high doses only in three studies conducted with glyphosate technical, 
and eight studies with glyphosate formulations. The majority of the available data indicate that 
risks to mammals following acute oral exposure to glyphosate and its formulations are low. 
Acute risks to mammals would be restricted to on-field exposure of only a few guilds (herbivores 
and insectivores). No reproductive risks to mammals are expected from the use of glyphosate. In 
addition, there are no incident reports for mammals related to the use of glyphosate. 
 
2.2.5 Risk to Amphibians  


Comment 
Comments noted that glyphosate contributes to the decline of frog abundance. Glyphosate alone 
(Paganelli et al. 2010), and in combination with POEA, poses risks to amphibians according to 
studies of Relyea (2005a, 2005b and 2005c) and review of Annett et al. 2014. 
 
PMRA Response 
Toxicity data were available for 32 species of amphibians at various stages of development. As is 
shown with invertebrates and fish, the toxicity of technical glyphosate and its salts and 
glyphosate formulations containing non-POEA surfactants to amphibians is relatively low (acute 
LC50 = >17.9–7297 mg a.e./L) compared with glyphosate formulations containing POEA (acute 
LC50 = 0.8–51.8 mg a.e./L). Similarly, the results from subchronic and chronic laboratory studies 
and outdoor mesocosm studies with amphibians demonstrate that exposure to glyphosate 
formulations containing POEA elicit lethal and sublethal effects (for example, reduced body size, 
abnormal development, decreased time to metamorphosis) at relatively low concentrations 
(LC50 = 1.0–22.8 mg a.e./L, NOEC = 0.006 - >1.8 mg a.e./L).  


Although acute studies showed no negative impacts on amphibians from glyphosate TGAI and 
formulations that do not contain POEA, a refined risk assessment conducted on amphibians 
(including frogs) exposed to glyphosate formulations containing POEA (lab tests) indicated that 
the level of concern was slightly exceeded (RQ = 1.1-1.2) for end-use products containing the 
surfactant POEA and tested in lab. Level of concern was not exceeded for refined mesocosm 
studies. Relyea (2005a and b) demonstrated a glyphosate formulation containing the surfactant 
POEA was responsible for the kill of 68-86% of juvenile amphibians exposed. This study, along 
with other amphibian studies, was considered in the re-evaluation of glyphosate and used to 
determine an HC5 endpoint value from an SSD analysis. Results revealed an acute and chronic 
HC5 of 0.93 and 0.86 mg a.e./L, respectively for glyphosate formulations containing the POEA 
surfactant that were used in the refined risk assessment. As a result, mitigation measures, in the 
form of no spray buffer zones, are identified on product labels and are required to protect 
amphibians. Risks to amphibians are not of concern if labelled spray buffer zone requirements 
are followed. 
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Annett et al. (2014), in their review, report the mode of action of different glyphosate 
formulations and their potential negative impact related to the inhibition of the enzyme 
acetylcholisesterase of some aquatic species as well as the oxidative stress due to Reactive 
Oxygen Species (ROS) causing damage to nucleic acid, lipids and proteins in aquatic species 
such as amphibian and fish that can lead to cell death. Studies reviewed, and reported by Annett 
et al. (2014) were also reviewed by the PMRA, with many of the reported endpoints being used 
by the PMRA in the risk assessment of glyphosate. 
 
While there is evidence from laboratory studies suggesting that glyphosate products containing 
POEA are more toxic to amphibians than glyphosate alone, when considered in the context of all 
the studies available, particularly field studies conducted under actual use conditions, there is no 
compelling or credible evidence that gives rise to a serious possibility that glyphosate products 
containing POEA may cause an unacceptable environmental risk. In addition, while lower tier 
studies conducted in a laboratory showed potential for effects, a field study conducted under 
operational conditions (Thompson et al. 2004, PMRA 2032071) showed no significant adverse 
effects on amphibians. Moreover, glyphosate products containing POEA are used in forestry to 
prepare the site for reforestation which requires that the products be applied only once per 
silviculture cycle; typically equating to once every 50 to 80 years. As such, the potential for 
amphibian exposure to glyphosate products is limited in silviculture. Based on these findings, the 
PMRA concluded that there were no reasonable grounds to believe that the environmental risk to 
amphibians in small ephemeral forest wetlands from the spraying of glyphosate products was 
unacceptable. 
 
2.2.6 Other Aquatic organisms 


Comment 
Comments noted that the following studies were not taken into account in the re-evaluation of 
glyphosate: Vera et al. 2010 (periphyton), Fairchild et al. 2002 (Atlantic salmon), and Sihtmae et 
al. 2013 (aquatic invertebrates). 
 
PMRA Response 
Periphyton 
The study of Vera et al. 2010 entitled ‘’New evidence of Roundup impact on the aquatic 
periphyton community and the quality of freshwater ecosystems’’ (Ecotoxicology 19:710-721) 
was in fact considered qualitatively in the re-evaluation, but no endpoints were available in the 
study to be used as part of the SSD analysis. The study of Bonnineau et al. 2012 (PMRA# 
2462244) on periphyton was preferred and the freshwater algae acute 6hr-EC50 endpoint of 
8.7 mg a.e./L was used in the re-evaluation of glyphosate and presented in PRVD2015-01. 
 
Atlantic salmon 
The study of Fairchild et al. 2002, entitled “Effects of freshwater contaminants on marine 
survival in Atlantic salmon” (NPAFC Tech Report No. 4) was examined and it was determined 
that the study is related to the active atrazine and does not report on glyphosate. 
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Aquatic invertebrates 
The study of Sihtmae et al. 2013 entitled “Ecotoxicological effects of different glyphosate 
formulations’’ (Applied Soil Ecology 72:215-224) was indeed used in the re-evaluation of 
glyphopsate. The freshwater invertebrate endpoint values reported by Sihtmae et al. 2013 
(PMRA 2574468) were used in the determination of HC5 values from a SSD analysis. Refer to 
response 2.3.2 below. 


2.2.7 Endocrine disruption 


Comment 
Comments noted that the PMRA should phase out the use of products containing glyphosate 
based on articles that have identified glyphosate as an endocrine disruptor. 


PMRA Response 
The USEPA’s Endocrine Disruptor Screening Program (EDSP) is currently working to validate 
the assays proposed by the Endocrine Disruptor Screening and Testing Advisory Committee 
(EDSTAC), many of which are being validated in coordination with the OECD through the 
Endocrine Disrupters Testing and Assessment (EDTA) and the Validation Management Groups 
(VMGs). The results of screening tests for glyphosate are available on the following website: 
(http://www2.epa.gov/sites/production/files/2015-06/documents/glyphosate-417300_2015-06-
29_txr0057175.pdf). 


Although the study by Antoniou et al. 2012 raised concerns regarding the potential impact of 
glyphosate as an endocrine disruptor, the conclusion is that glyphosate demonstrates no 
convincing evidence of potential interaction with the estrogen, androgen or thyroid pathways in 
mammals or wildlife. Based on weight of evidence considerations, mammalian or wildlife EDSP 
Tier 2 testing is not recommended for glyphosate. Also refer to response to comment 1.1.12. 
 
2.2.8 Bioaccumulation 


Comment  
Comments questioned if glyphosate can accumulate in the body over time and how levels of 
glyphosate are monitored to ensure that it does not go above acceptable limits that could cause 
detrimental health effects to animals? 
 
PMRA Response 
Information available on the bioaccumulation potential of glyphosate is presented in the PRVD 
2015-01. Glyphosate is not expected to bioaccumulate due to its high polarity (log Kow = -2.8 
to -0.67) and anionic character (Mensink and Janseen, 1994, PMRA 2462253 and Villeneuve, J., 
2012 (PMRA 2203372)). A maximum bioconcentration factor (BCF) of 1.6 was reported for 
bluegill sunfish exposed to 0.6 mg/L for 28 days (Wang et al. 1994b; PMRA 2460743 and 
Takacs et al. 2002; PMRA 2462252). BCF values of 12 to 35.4 and 10 to 42.3 for tilapia and 
carp, respectively were also reported by Wang et al. 1994b (PMRA 2460743). Channel catfish, 
largemouth bass and rainbow trout exposed to 10 mg/L glyphosate for 14 d had BAFs of 0.18, 
0.04, and 0.03, respectively (Kramer and Beasley, 1975, PMRA 1182548). 
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2.2.9 Science based approach and the use of independent scientific studies in the 
environmental risk assessment. 


Comment 
Various stakeholder organizations emphasized the importance of a science-based approach and 
agreed with the proposed regulatory label changes. Other commenters encouraged to use a 
number of different sources of information that claim glyphosate poses an environmental risk. 
Sources of information from various non-governmental organizations or independent researchers 
were provided. In addition to registrant submitted studies, work done by third parties 
(independent research) should be used in assessing the environmental effects of glyphosate and 
in making the final re-evaluation decision. 
 
Some commenters believe that the environmental risk assessment for glyphosate was conducted 
using only studies provided by the registrants and that there has not been enough long-term 
testing of glyphosate done by independent scientists. Reviewing studies conducted and provided 
by the company that is seeking registration of the product is perceived as a conflict of interest 
and highly biased as these studies are not peer reviewed by the scientific community. Reference 
was provided to a number of published scientific studies that link glyphosate to environmental 
and agronomic effects. 
 
PMRA Response 
The environmental risk assessment of glyphosate was conducted using a science-based approach 
and included consideration of a large volume of literature. In addition to registrant supplied data, 
more than 1500 scientific articles related to glyphosate were examined, with approximately 250 
of these studies being deemed relevant and useful for consideration in the environmental risk 
assessment. Values obtained from the public literature were used in combination with the 
registrant data set in order to strengthen the environmental risk assessment. Due to the 
tremendous amount of endpoint data available for different aquatic and terrestrial organisms, 
SSD analysis was employed to determine HC5 and HD5 values that were used in the risk 
assessment. Also refer to response to comment 1.1.14. 
 
2.2.10 Assessment of formulations 


Comment 
Commenters questioned why the formulations of glyphosate products are not assessed for their 
environmental effects. Environmental effects discussed in the PRVD2015-01 were based 
primarily on the active substance (in other words, glyphosate).  
 
PMRA Response 
PRVD2015-01 includes risk assessments for not only the technical active ingredient, but also the 
various formulations, including those that contain POEA. Endpoints using values from EUPs 
were used to derive HD5/HC5 values from SSD calculations when possible. The risk assessment 
includes a comparison of the exposure of terrestrial and aquatic organisms to technical 
glyphosate and the formulations. 
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2.3 Risk assessment and methodology 


2.3.1 Endpoint selection 


Comment 
Some endpoints used in the terrestrial and aquatic plant risk assessment as well as the risk 
assessment for aquatic organisms were inappropriate. The quality of some of the data used in the 
risk assessment was not clear and was questionable. Specific studies that were at issue were 
identified for the PMRA to reconsider. The process used to review and ensure the quality of open 
literature studies used in the risk assessment needs to be more transparent. 
 
PMRA Response 
Endpoints derived from unpublished registrant/applicant submitted data follow guidelines set by 
regulatory bodies and are subject to good laboratory practice standards. These studies have clear 
objectives, scientific and analytical protocols, and the data has been subject to appropriate 
statistical analysis. On the other hand, published scientific papers are written in a concise way in 
order to bring enough information and details for the reader to accept or reject the conclusion of 
the author(s). Although published scientific articles are subject to a scientific peer review that 
strengthens their validity, information in published studies must have sufficient detail so that the 
scientific methods (protocol) and the results obtained are reproducable. Unfortunately, many 
published scientific studies lack sufficient detail, reducing confidence in the conclusion reached 
by the author(s). As a result, some published scientific papers are rejected when reviewed by the 
PMRA during the re-evaluation process. (Refer also to response to comment 1.1.14). 
 
That said, as a result of comments received during the comment period for the PRVD2015-01, 
endpoints questioned in the comments have been re-examined and changes to the risk assessment 
have been made based on a revised assessment of their validity. References associated with 
endpoint values are presented in the tables found in (Appendix III). 
 
2.3.2 SSD model 


Comment 
The methodology for deriving Species Sensitivity Distributions (SSDs) is not fully described in 
the PRVD and the requirements for inclusion of endpoints is not discussed. The use of a 
combination of terrestrial plant EC25 and EC50 endpoints for vegetative vigour in SSD 
calculations should be reconsidered. 
 
PMRA Response 
The toxicity data analysis includes the determination of HC5 or HD5 values using an SSD or 
species sensitivity distribution. An SSD is a plot of all species’ toxicity endpoints within a 
taxonomic group against a cumulative density function. An SSD is determined by fitting a 
theoretical distribution to the data set, such as a log-normal distribution, and allows the 
derivation of community level threshold concentrations such as the HC5. The hazardous 
concentration (HC5) or dose (HD5) to five percent of species is calculated for acute and chronic 
data sets separately, using the acute LC50/EC50 values and chronic NOEC/NOEL values, 
respectively. An SSD is constructed for acute and chronic effects for every taxonomic group 
where sufficient toxicity data are available. Acute toxicity data generally refers to short term 
studies, with the endpoints (LCX or ECx) being derived from effects on survival or other 
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endpoints considered to affect survival. Chronic and sub-chronic studies generally aim to 
determine sublethal effects and the associated NOEC or NOEL concentration. Different 
endpoints can also be used in SSDs such as the EC25 for terrestrial plants or other ECX value 
such as an EC5/10 may be considered relevant and appropriate to the assessment. If SSDs cannot 
be calculated, the most sensitive endpoints with an appropriate uncertainty factor are used in risk 
assessment.  
 
The software program ETX 2.1 is used with the log-normal model to generate SSDs where 
sufficient toxicity endpoints are available for different taxonomic groups. The median HC5 
values are reported for SSDs. The variability in the data sets is indicated not only by the upper 
and lower bound HC5 estimates but also the confidence limit of the fraction of species affected 
(FA), which indicates the theoretical minimum and maximum percent of species that could be 
affected based on the available data when the population is exposed to the HC5 concentration. 
 
SSDs were determined for glyphosate herbicide for the following taxonomic groups (results are 
reported in Appendix III Tables 1 to 3): 
 


• Freshwater organisms: invertebrates, fish, algae, amphibians, aquatic plants 
• Marine organisms: fish, invertebrates and algae 
• Terrestrial organisms: plants (crop and non-crop) 


Where an HC5 value cannot be determined due to insufficient species data or lack of model fit, 
etc., the most sensitive species endpoint is reported in summary tables without the use of 
uncertainty factors. Where multiple data points are available for one species, a geometric mean 
value is used to represent the species’ sensitivity. The treatment of toxicity data is such that it 
allows quantitative comparisons and predictions including consistency of exposure concentration 
units, ecological relevance and comparability of measurement endpoints, and types of test 
chemicals, or duration of exposure. 
 
All data sets were grouped by test material type including technical grade active ingredient 
(TGAI, includes all forms of glyphosate actives), end-use products containing the surfactant 
POEA (EUP + POEA), end-use products which do not contain POEA (EUP NO POEA), POEA 
alone and the glyphosate transformation product AMPA. All toxicity values were normalised to 
acid equivalent (a.e.). 
 
Results of SSD analysis:  
Glyphosate shows equal toxicity to many aquatic taxonomic groups, both acutely and 
chronically. The most acutely sensitive aquatic taxonomic groups are freshwater plant (overspray 
on aquatic macrophyte; Er50 of 38 g a.e/ha), freshwater and marine invertebrates, and freshwater 
algae (HC5 = 0.1mg a.e./L). The lowest chronic toxicity threshold values were determined for 
freshwater and marine fish (NOEC = 0.28 and 0.1 mg a.e./L, respectively) and freshwater plants 
(chronic EC50 = 0.11 mg a.e./L). The most sensitive terrestrial plant endpoint for crops and non-
crops is the HD5 of EC50 value of 0.0658 kg a.e./ha for EUPs that contain, or do not contain 
POEA, based on plant vegetative vigor endpoints.  
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As observed for amphibian in previous section 2.2.5, it is noted that the formulated products of 
glyphosate are generally more toxic to some organisms than the active ingredient, as in the case 
of freshwater invertebrates which are two orders of magnitude (100x) more sensitive to 
formulations containing POEA vs. the active ingredient. Freshwater fish and plants are also more 
sensitive to EUPs. Marine fish on the other hand are most sensitive, on an acute basis, to the 
parent chemical. 
 
Therefore the SSD analysis results indicate that the most sensitive population level aquatic 
toxicity threshold value (HC5) is 0.1 mg a.e./L, based on acute and chronic endpoints for several 
taxanomic groups including freshwater and marine invertebrates, aquatic plants (except 
overspray), algae and fish. While the most sensitive population level terrestrial toxicity threshold 
value (HD5 of EC50) is 0.0658 mg Kg a.e./ha, based on acute toxicity to plants (crops + non-
crops exposed to glyphosate formulations containing POEA + glyphosate formulations without 
POEA). 
 
2.3.3 Buffer zone calculations 


Comment 
Comments noted that the buffer zone sizes should be recalculated based on reconsideration of 
acceptability of endpoints. Buffer zone sizes should be set based on scientific evidence and valid 
endpoints and no increase should be implemented if no such evidence exists. Please explain why 
buffer zones are different for treated areas of more than 500 ha and those that are less than 
500 ha. 
 
PMRA Response 
The PMRA agrees with the fact that buffer zone sizes should be set based on scientific evidence 
and valid endpoints and no increase or decrease should be implemented if no such evidence 
exists. The methodology used by the PMRA to calculated buffer zones is based on scientific 
evidence and valid endpoints. 
 
Endpoints were reconsidered following identification of questionable studies, which lead to 
changes in the endpoints included in the SSDs and the determination of HC5 values, especially 
for aquatic organisms. Buffer zones have been recalculated as a result of the changes in the SSD 
calculations. 
 
The reason why buffer zones are different for treated areas of more than 500 ha and those that 
are less than 500 ha. is the following: 
 
The AGDISP software model (version 8.21) used by the PMRA to calculate aerial buffer zones 
takes into account the cumulative downwind drift associated with the number of flightlines made 
over a treated surface area with an aircraft. A forest surface area of more than 500 ha is 
considered as ‘woodland’ and is modelled using 50 flightlines as a realistic scenario. A forest 
surface area of less than 500 ha is considered as ‘woodlot’ and requires only 10 flightlines. As 
such, cumulative drift may be more significant in woodlands than in woodlots and consequently 
buffer zones may be larger in woodlands than in woodlots. Updated buffer zone tables are 
reported in Appendix IV, Tables 1 and 2. 
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2.4 Aerial spraying of forests 


Comment 
One Aboriginal group commented that aerial spraying of forests with glyphosate impacts the 
environment. 
 
PMRA Response 
As noted in response to comment 2.2.5, glyphosate is used for forest site preparation and plant 
release (conifers and deciduous trees) after trees are harvest. This use is expected to occur once 
every 50-80 years. As such, glyphosate exposure to forest is extremely low. In addition, 
glyphosate does not persist in the terrestrial environment, with DT50s ranging from 24 to 
82 days in forest soils (average of less than 55 days). 
 
For the protection of aquatic habitats, no spray buffer zones of 1 to 10 meters are required when 
glyphosate formulations that contain POEA are applied for forest site preparation and plant 
release by air. A buffer zone is defined as the distance between the point of direct pesticide 
application and the nearest downwind boundary of a sensitive habitat. Glyphosate does not 
persist in water (DT50s range from 0.4–11.2 days). 
 
3.0 Comments Related to the Value Considerations 


3.1 Glyphosate has value in contributing to Canadian agriculture and non-agricultural 
land management 


Summary of Comments 
• glyphosate is an important and cost effective weed management tool in crop production 


in that it can be applied at varying points of the cropping cycle from preplant to post-
harvest. 


• the application of glyphosate prior to harvest is important in terms of advancing the 
maturity and/or uniformly desiccating the crop and to control late season weeds that can 
interfere with harvesting operations and reduce crop quality. 


• glyphosate with its unique mode of action remains an important tool for broad spectrum 
weed control, including of perennial, invasive and noxious weeds 


• it allows the Canadian agricultural sector to remain competitive with those of its trading 
partners 


• it remains an important tool for advancing conservation tillage, such as no-tillage and 
reduced tillage systems, that reduce soil erosion and increase soil organic matter 


• it is used to control invasive plants to foster biodiversity by allowing native plant 
communities including those containing endangered or rare species, to be preserved or re-
established. 


 
PMRA Response 
As stated in the PRVD2015-01, the PMRA acknowledges that glyphosate plays an important role 
in weed management in both Canadian agriculture and non-agricultural land management 
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3.2 Glyphosate has no value considering the risks to the environment and human 
health. 


PMRA Response 
The value of glyphosate to Canadian agriculture and non-agricultural land management is a 
result of this product’s unique mode of action, diverse use pattern, and broad spectrum of weed 
control. As indicated in PRVD2015-01, based on a review of the science, the PMRA has 
concluded that this product is unlikely to affect human health or pose an unacceptable risk to the 
environment when used in accordance with label directions. 


4.0 Other Comments Related to the Use of Glyphosate 


4.1 Weed resistance 


Comment 
Comments noted that repeated use of glyphosate and heavy reliance on glyphosate to control 
weeds in today’s agriculture practices increase weed resistance. PMRA has not addressed the 
issue of weed resistance in its re-evaluation of glyphosate. There is no mention of glyphosate-
resistant weeds anywhere in the Environmental Considerations of the PMRA's Proposed Re-
evaluation decision for glyphosate. A report recently published by the Canadian Biotechnology 
Action Network (CBAN) reveals that “there are five species of glyphosate-resistant weeds now 
found in Canada”. An online survey of farmers from 2013 estimated that more than one million 
acres of Canadian farmland had glyphosate resistant weeds. 
 
PMRA Response 
The PMRA is aware of the fact that the current agricultural production system relies heavily on 
glyphosate, resulting in more and more occurrences of glyphosate-resistant weeds. Kochia, 
Canada fleabane, giant ragweed and common ragweed are examples of such resistant weeds 
reported in Canada. These glyphosate-resistant weeds are increasingly becoming challenge to the 
agricultural production system. In order to prevent or delay the development of glyphosate-
resistant weeds, it is crucial to maintain diversity in weed management practices. From the 
regulatory perspective, the PMRA developed the resistance-management labelling program in 
1999 with an aim to mitigate the risks for resistance development. Participation in this program 
is on a voluntary basis, but registrants are encouraged to add the resistance-management 
grouping symbols and resistance management statements to both new and existing product labels 
(Regulatory Directive DIR2013-04, Pesticide Resistance Management Labelling Based on 
Target Site/Mode of Action). To date, the majority (about 95%) of labels for products containing 
glyphosate comply with the resistance-management labelling. Other organizations are more 
closely involved with improvements to agricultural practices. 
 
4.2 Invasive species 


Comment 
Comments noted that herbicide treatments such as glyphosate are needed to control invasive 
species in standing water, such as Phragmites australis (2015 Resolution of the Canadian 
Federation of Agriculture Annual General Meeting). 
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PMRA Response 
Before a pesticide is approved for use in Canada, it must undergo a thorough pre-market science-
based risk assessment and meet strict health and environmental standards, and the product must 
have value. The use of glyphosate to control invasive species in standing water was not 
registered in Canada, and therefore was not considered during the re-evaluation.  
 
The PMRA is aware of the rise of Phragmites in Canadian wetlands, and has been working with 
provincial partners to find solutions such as emergency registration where needed. An 
emergency use will be considered only if the product is efficacious and risks deemed acceptable. 


4.3 Treaty rights and the duty to consult First Nations 


Comment 


One Aboriginal group commented that aerial spraying on traditional lands is a violation of treaty 
rights and it is a constitutional obligation for Health Canada to consult. The PMRA is obligated 
to hear oral testimony in their territory as a form of evidence. 


PMRA Response 


Concerns expressed by the aboriginal group in their written submission and in subsequent 
conversations, were identified as being related more to forest management practices and not 
specific to the use of this particular herbicide.  


Following harvest, Canadian forests are either allowed to regenerate naturally or are re-planted 
with a crop tree species as part of a forest management plan. Glyphosate, or other herbicides, can 
be applied in a managed forest to control naturally occurring vegetation that could out compete 
newly planted crop tree seedling (for example, pine or spruce trees) for nutrients, light and space. 
Herbicides are also used in clearing logging roads and rights of way. As with other land 
management uses of pesticides such as agriculture, the use of herbicides in forestry operations 
can reduce biodiversity (for example, loss of grasses, raspberry and non-crop tree species, such 
as birch or aspen) in the application areas for a period of time.  


Except on federal lands, the management of natural resources, such as forests, is the 
responsibility of provincial governments. Provincial ministries of natural resources are better 
informed about the local conditions and are generally responsible for approving sustainable 
forest-management plans. These plans indicate which land will be allowed to regenerate 
naturally and which will be re-planted and managed (with or without herbicides). If a herbicide is 
to be used, it must a product that is authorized by Health Canada’s Pest management Regulatory 
Agency for forestry application. It the product is to be applied by air, permits are required, 
generally from provincial ministries of the environment, prior to application. Consultations with 
the aboriginal community on herbicide use in forestry can be most effectively done by 
considering forest management plans and the local land use requirements. It is recommended that 
the group continue to raise their concerns with the appropriate provincial authorities 


Other concerns that were raised by this group regarding the impact of glyphosate use on human 
health and the environment were addressed under responses 1.3.8 and 2.4. 
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Appendix II Registered Products Containing Glyphosate in Canada as of 
16 September 2016 


 


Registrant Name 
Registration 
Number Product Name 


Guarantee1  
(g a.e./L) Formulation 


Marketing 
Class2 


ADAMA 
AGRICULTURAL 
SOLUTIONS CANADA 
LTD. 29219 


GLYPHOGAN PLUS 
LIQUID HERBICIDE GPI-356;  SN-SOLUTION C+R 


ALBAUGH LLC 
28322 


CLEAROUT 41 PLUS 
HERBICIDE SOLUTION GPI-360;  SN-SOLUTION C 


31913 GLYPHOSATE 480 GPI-480;  SN-SOLUTION C 


ALLIGARE, LLC 30093 
ALLIGARE 
GLYPHOSATE 4+ GPI-360;  SN-SOLUTION C 


AGROMARKETING CO. 
INC. 30721 NASA 36 GPI-360;  SN-SOLUTION C+R 
AGRI STAR CANADA 
ULC.* 29995 CRUSH'R PLUS GPI-360;  SN-SOLUTION C 


32181 CRUSH'R 480 GPI-480;  SN-SOLUTION C 


31655 
AGRI STAR CRUSHR 
540 GPP-540;  SN-SOLUTION C 


DOW AGROSCIENCES 
CANADA INC. 30958 


ENLIST DUO 
HERBICIDE 


GPX-204; 
DXJ-194;  SN-SOLUTION C 


30960 
GF-2726 TSOY 
HERBICIDE 


GPX-204; 
DXJ-194;  SN-SOLUTION C 


27394 


PREPASS B HERBICIDE 
(A COMPONENT OF 
PREPASS HERBICIDE) GPI-360;  SN-SOLUTION C 


27615 
VANTAGE PLUS MAX 
HERBICIDE SOLUTION GPI-480;  SN-SOLUTION C 


28245 
MAVERICK II 
HERBICIDE SOLUTION GPI-480;  SN-SOLUTION C 


28540 
ECLIPSE II B 
HERBICIDE GPI-480;  SN-SOLUTION C 


28977 
MAVERICK III 
HERBICIDE GPX-480;  SN-SOLUTION C 


29033 
ECLIPSE III B 
HERBICIDE GPX-480;  SN-SOLUTION C 


29652 


PREPASS XC B 
HERBICIDE (A 
COMPONENT OF 
PREPASS XC 
HERBICIDE) GPX-480;  SN-SOLUTION C 


29994 
VANTAGE XRT 
HERBICIDE GPX-480;  SN-SOLUTION C 


26171 
VANTAGE PLUS 
HERBICIDE SOLUTION GPI-360;  SN-SOLUTION C+R 


26172 
VANTAGE HERBICIDE 
SOLUTION GPI-356;  SN-SOLUTION C+R 


26884 
VANTAGE FORESTRY 
HERBICIDE GPI-356;  SN-SOLUTION C+R 


29588 GF-772 HERBICIDE GPI-360;  SN-SOLUTION C+R 


29773 
DEPOSE HERBICIDE 
SOLUTION GPI-356;  SN-SOLUTION C+R 


30516 
VANTAGE MAX 
HERBICIDE GPS-480;  SN-SOLUTION C+R 


28840 VP480 HERBICIDE GPX-480;  SN-SOLUTION C+R 


29774 DURANGO HERBICIDE GPX-480;  SN-SOLUTION C+R 


30423 PREPASS 480 GPX-480;  SN-SOLUTION C+R 
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Registrant Name 
Registration 
Number Product Name 


Guarantee1  
(g a.e./L) Formulation 


Marketing 
Class2 


HERBICIDE 


32314 GF-2018 HERBICIDE GPX-480;  SN-SOLUTION C+R 


EZJECT, INC. 21262 
DIAMONDBACK 
HERBICIDE SHELLS GPI-0.15;  PA-PASTE C 


FMC CORPORATION 


27287 


GLYFOS AU SOLUBLE 
CONCENTRATE 
HERBICIDE GPI-360;  SN-SOLUTION C 


28925 
CHEMINOVA 
GLYPHOSATE (TM) II GPI-356;  SN-SOLUTION C 


29363 
GLYFOS BIO 
HERBICIDE GPI-360;  SN-SOLUTION C 


29364 
GLYFOS BIO 450 
HERBICIDE GPI-450;  SN-SOLUTION C 


30234 


FORZA BIO 
SILVICULTURAL 
HERBICIDE GPI-360;  SN-SOLUTION C 


30235 


FORZA BIO 450 
SILVICULTURAL 
HERBICIDE GPI-450;  SN-SOLUTION C 


24359 


GLYFOS SOLUBLE 
CONCENTRATE 
HERBICIDE GPI-360;  SN-SOLUTION C+R 


26401 


FORZA 
SILVICULTURAL 
HERBICIDE GPI-360;  SN-SOLUTION C+R 


28924 


GLYFOS SOLUBLE 
CONCENTRATE 
HERBICIDE II GPI-360;  SN-SOLUTION C+R 


INTERPROVINCIAL 
COOPERATIVE 
LIMITED 


26846 


GLYPHOSATE 
HERBICIDE - 
AGRICULTURAL & 
INDUSTRIAL GPI-360;  SN-SOLUTION C 


29216 
GLYPHOSATE WATER 
SOLUBLE HERBICIDE 


GPI-
309(+51);  SN-SOLUTION C 


27988 
IPCO FACTOR 540 
LIQUID HERBICIDE GPP-540;  SN-SOLUTION C+R 


31199 
FORTRAN 540 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 


31598 
CO-OP VECTOR 540 
LIQUID HERBICIDE GPP-540;  SN-SOLUTION C+R 


29775 
MATRIX HERBICIDE 
SOLUTION GPX-480;  SN-SOLUTION C+R 


30319 
VECTOR HERBICIDE 
SOLUTION GPX-480;  SN-SOLUTION C+R 


31090 RIVET HERBICIDE GPX-480;  SN-SOLUTION C+R 
JOINT GLYPHOSATE 
TASK FORCE, LLC 30678 


JGTF GLYPHOSATE 
HERBICIDE GPI-360;  SN-SOLUTION C+R 


LOVELAND 
PRODUCTS CANADA 
INC. 30076 MAD DOG PLUS GPI-360;  SN-SOLUTION C+R 
MEY CANADA 
CORPORATION 29126 


WISE UP HERBICIDE 
SOLUTION GPI-360;  SN-SOLUTION C 


MONSANTO CANADA 
INC. 20423 


MOCAN 943 WATER 
SOLUBLE HERBICIDE 


GPI-120; 
DIC-86;  SN-SOLUTION C 


21572 
RUSTLER FALLOW 
LIQUID HERBICIDE 


GPI-132; 
DIC-60;  SN-SOLUTION C 


27200 
RUSTLER LIQUID 
HERBICIDE 


GPI-194; 
DIC-46;  SN-SOLUTION C 
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Registrant Name 
Registration 
Number Product Name 


Guarantee1  
(g a.e./L) Formulation 


Marketing 
Class2 


32274 


ROUNDUP XTEND 
WITH VAPORGRIP 
TECHNOLOGY 
HERBICIDE 


GPI-240; 
DIC-120;  SN-SOLUTION C 


19536 


RUSTLER 
SUMMERFALLOW 
HERBICIDE 


GPI-108; 
DXB-182;  SN-SOLUTION C 


25898 MON 77790 HERBICIDE 
GPI-132; 
DXB-82;  SN-SOLUTION C 


25604 


ROUNDUP FAST 
FORWARD 
PREHARVEST 
HERBICIDE 


GPI-300; 
GLG-16;  SN-SOLUTION C 


25795 


ROUNDUP 
FASTFORWARD 
PRESEED 


GPI-300; 
GLG-10;  SN-SOLUTION C 


25918 
MON 77759 WATER 
SOLUBLE HERBICIDE 


GPI-300; 
GLG-36;  SN-SOLUTION C 


26625 
MON 78027 WATER 
SOLUBLE HERBICIDE 


GPI-180; 
GLG-131;  SN-SOLUTION C 


26920 


ROUNDUP TRANSORB 
MAX LIQUID 
HERBICIDE GPI-480;  SN-SOLUTION C 


29841 
MON 76431 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C 


29868 
MON 76429 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C 


19899 
VISION SILVICULTURE 
HERBICIDE GPI-356;  SN-SOLUTION C+R 


25344 
ROUNDUP TRANSORB 
LIQUID HERBICIDE GPI-360;  SN-SOLUTION C+R 


27487 


ROUNDUP 
WEATHERMAX WITH 
TRANSORB 2 
TECHNOLOGY LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 


27736 


VISIONMAX 
SILVICULTURE 
HERBICIDE GPP-540;  SN-SOLUTION C+R 


27764 
ROUNDUP ULTRA 
LIQUID HERBICIDE GPP-540;  SN-SOLUTION C+R 


27946 
RENEGADE HC LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 


28198 
ROUNDUP TRANSORB 
HC LIQUID HERBICIDE GPP-540;  SN-SOLUTION C+R 


28486 
ROUNDUP ULTRA 2 
LIQUID HERBICIDE GPP-540;  SN-SOLUTION C+R 


28487 
RT/540 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 


28608 
MON 79828 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 


28609 
MON 79791 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 


29498 START UP HERBICIDE GPP-540;  SN-SOLUTION C+R 


30104 MON 76669 GPP-540;  SN-SOLUTION C+R 


32209 
POWERMAX 
HERBICIDE GPP-540;  SN-SOLUTION C+R 


32356 


ROUNDUP CUSTOM 
FOR AQUATIC AND 
TERRESTRIAL USE GPI-;  SN-SOLUTION R 
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Registrant Name 
Registration 
Number Product Name 


Guarantee1  
(g a.e./L) Formulation 


Marketing 
Class2 


LIQUID HERBICIDE 


NEWAGCO INC 29290 
MPOWER 
GLYPHOSATE GPI-356;  SN-SOLUTION C 


NUFARM 
AGRICULTURE INC. 30870 


GLYKAMBA 
HERBICIDE 


GPI-194; 
DIC-46;  SN-SOLUTION C 


25866 
NUFARM CREDIT 
LIQUID HERBICIDE GPI-356;  SN-SOLUTION C 


27950 
CREDIT PLUS LIQUID 
HERBICIDE GPI-360;  SN-SOLUTION C 


29124 CREDIT 45 HERBICIDE GPI-450;  SN-SOLUTION C 


29125 
NUFARM CREDIT 360 
LIQUID HERBICIDE GPI-360;  SN-SOLUTION C 


29470 NUGLO HERBICIDE GPI-450;  SN-SOLUTION C 


29479 POLARIS GPI-360;  SN-SOLUTION C 


29480 
NUFARM GLYPHOSATE 
360 HERBICIDE GPI-360;  SN-SOLUTION C 


29888 
CREDIT XTREME 
HERBICIDE GPO-540;  SN-SOLUTION C 


31316 
CARNIVAL 540 
HERBICIDE GPO-540;  SN-SOLUTION C 


PRODUCTIERRA 31063 
SMOKE 41% 
GLYPHOSATE GPI-360;  SN-SOLUTION C 


RACK PETROLEUM 
LTD. 30442 


THE RACK 
GLYPHOSATE GPI-360;  SN-SOLUTION C 


31314 RACKETEER GPI-360;  SN-SOLUTION C 
SHARDA CROPCHEM 
LIMITED 31493 


SHARDA GLYPHOSATE 
360 GPI-360;  SN-SOLUTION C 


32122 
GLYFO SILVI 
HERBICIDE GPI-360;  SN-SOLUTION C+R 


SYNGENTA CANADA 
INC. 


29341 HALEX GT HERBICIDE 


MER-25; 
GPP-250; 
AME-250;  SN-SOLUTION C 


29552 TAKKLE HERBICIDE 
GPI-140; 
DIC-70;  SN-SOLUTION C 


30412 
FLEXSTAR GT 
HERBICIDE 


GPM-271; 
FOF-67;  SN-SOLUTION C 


28802 CYCLE HERBICIDE GPP-500;  SN-SOLUTION C 


31711 
CALLISTO GT 
HERBICIDE 


MER-45.5; 
GPP-455;  


SU-
SUSPENSION C 


27192 
TOUCHDOWN IQ 
LIQUID HERBICIDE GPM-360;  SN-SOLUTION C+R 


28072 
TOUCHDOWN TOTAL 
HERBICIDE GPP-500;  SN-SOLUTION C+R 


29201 TRAXION HERBICIDE GPP-500;  SN-SOLUTION C+R 
TERAGRO INC 


29022 


WEED-MASTER 
GLYPHOSATE 41 
HERBICIDE GPS-356;  SN-SOLUTION C 


29009 


WEED-MASTER 
GLYPHOSATE 
FORESTRY HERBICIDE GPI-356;  SN-SOLUTION C+R 


UNITED PHOSPHORUS 
INC. 30366 GLYPHO 41 HERBICIDE GPI-356;  SN-SOLUTION C+R 
UNIVAR CANADA 
LTD. 32228 


GUARDSMAN 
GLYPHOSATE GPO-540;  SN-SOLUTION C 


DOW AGROSCIENCES 
CANADA INC. 


27351 


GLYPHOSATE 18% 
HERBICIDE SOLUTION 
CONCENTRATE GPI-143;  SN-SOLUTION D 
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Registrant Name 
Registration 
Number Product Name 


Guarantee1  
(g a.e./L) Formulation 


Marketing 
Class2 


27352 


GLYPHOSATE 0.96% 
HERBICIDE READY-TO-
USE GPI-7;  SN-SOLUTION D 


FMC CORPORATION 
26609 


GLYFOS HERBICIDE 
143 CONCENTRATE GPI-143;  SN-SOLUTION D 


26610 
GLYFOS HERBICIDE 7 
READY-TO-USE GPI-7;  SN-SOLUTION D 


26827 


GLYFOS 
CONCENTRATE 356 
HERBICIDE GPI-356;  SN-SOLUTION D 


MONSANTO CANADA 
INC. 


22627 


ROUNDUP 
CONCENTRATE NON-
SELECTIVE HERBICIDE GPI-143;  SN-SOLUTION D 


22759 


ROUNDUP SUPER 
CONCENTRATE GRASS 
& WEED CONTROL GPI-356;  SN-SOLUTION D 


22807 


ROUNDUP READY TO 
USE NON-SELECTIVE 
HERBICIDE WITH 
FASTACT FOAM GPI-7;  SN-SOLUTION D 


24299 


ROUNDUP READY-TO-
USE GRASS & WEED 
CONTROL WITH 
FASTACT FOAM GPI-7;  SN-SOLUTION D 


26263 


ROUNDUP READY-TO-
USE WITH FASTACT 
FOAM PULL'N SPRAY 
NON-SELECTIVE 
HERBICIDE GPI-7;  SN-SOLUTION D 


27460 


ROUNDUP READY-TO-
USE NON-SELECTIVE 
HERBICIDE GPI-7.2;  SN-SOLUTION D 


27506 


ROUNDUP READY-TO-
USE PULL'N SPRAY 
NON-SELECTIVE 
HERBICIDE GPI-14.0;  SN-SOLUTION D 


27507 


ROUNDUP READY-TO-
USE PULL'N SPRAY 
TOUGH BRUSH & 
POISON IVY CONTROL 
NON-SELECTIVE 
HERBICIDE GPI-14.0;  SN-SOLUTION D 


28974 ROUNDUP PUMP 'N GO GPI-7;  SN-SOLUTION D 


29003 


ROUNDUP READY-TO-
USE POISON IVY & 
BRUSH CONTROL NON-
SELECTIVE HERBICIDE GPI-14;  SN-SOLUTION D 


29034 


ROUNDUP READY-TO-
USE POISON IVY & 
BRUSH CONTROL 
WITH QUICK CONNECT 
SPRAYER GPI-14;  SN-SOLUTION D 


31153 


REFILL FOR ROUNDUP 
READY-TO-USE WITH 
WAND APPLICATOR GPI-7.0;  SN-SOLUTION D 


31154 


ROUNDUP READY-TO-
USE WITH WAND 
APPLICATOR GPI-7.0;  SN-SOLUTION D 


31514 
ROUNDUP READY-TO-
USE REFILL GPI-7;  SN-SOLUTION D 
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Registrant Name 
Registration 
Number Product Name 


Guarantee1  
(g a.e./L) Formulation 


Marketing 
Class2 


31997 


ROUNDUP READY-TO-
USE TOUGH BRUSH & 
POISON IVY CONTROL 
WITH WAND 
APPLICATOR GPI-14.0;  SN-SOLUTION D 


32041 


REFILL FOR ROUNDUP 
READY-TO-USE TOUGH 
BRUSH & POISON IVY 
CONTROL WITH WAND 
APPLICATOR GPI-14;  SN-SOLUTION D 


23786 


ROUNDUP QUIK STIK 
NON-SELECTIVE 
HERBICIDE TABLETS GPS-60;  TA-TABLET  D 


LES PRODUITS DE 
CONTROLE 
SUPERIEUR 
INC/SUPERIOR 
CONTROL PRODUCTS 
INC 


28464 


TOTALEX 
CONCENTRATE 
BRUSH, GRASS & 
WEED KILLER HOME 
GARDENER GPI-143;  SN-SOLUTION D 


28467 


BYEBYE WEED 
CONCENTRATE 
BRUSH, GRASS & 
WEED KILLER GPI-143;  SN-SOLUTION D 


28469 


BYEBYE WEED 
READY-TO-USE 
BRUSH, GRASS & 
WEED KILLER GPI-7;  SN-SOLUTION D 


28470 


TOTALEX READY-TO-
USE BRUSH, GRASS & 
WEED KILLER HOME 
GARDENER GPI-7;  SN-SOLUTION D 


28471 


TOTALEX SUPER 
CONCENTRATE 
BRUSH, GRASS & 
WEED KILLER HOME 
GARDENER GPI-356;  SN-SOLUTION D 


28472 


BYEBYE WEED SUPER 
CONCENTRATE 
BRUSH, GRASS & 
WEED KILLER GPI-356;  SN-SOLUTION D 


28574 


TOTALEX RTU BRUSH, 
GRASS & WEED 
KILLER WITH 1 TOUCH 
POWER SPRAYER 
HOME GPI-7.0;  SN-SOLUTION D 


28575 


BYEBYE WEED RTU 
BRUSH, GRASS & 
WEED KILLER WITH 1 
TOUCH POWER 
SPRAYER GPI-7.0;  SN-SOLUTION D 


28576 


TOTALEX EXTRA 
STRENGTH RTU 
BRUSH, GRASS & 
WEED KILLER WITH 1 
TOUCH POWER 
SPRAYER HOME 
GARDENER GPI-14;  SN-SOLUTION D 


28577 


TOTALEX EXTRA 
STRENGTH RTU 
BRUSH, GRASS & 
WEED KILLER WITH 1 
TOUCH POWER GPI-14;  SN-SOLUTION D 
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Registrant Name 
Registration 
Number Product Name 


Guarantee1  
(g a.e./L) Formulation 


Marketing 
Class2 


SPRAYER VIRTERRA 
SURE-GRO IP INC. 


27013 


WILSON TOTAL 
WIPEOUT MAX GRASS 
& WEED KILLER 
READY TO USE GPI-7;  SN-SOLUTION D 


27014 


WILSON TOTAL 
WIPEOUT MAX GRASS 
& WEED KILLER 
CONCENTRATE GPI-143;  SN-SOLUTION D 


27015 


LATER'S GRASS & 
WEED KILLER SUPER 
CONCENTRATE GPI-356;  SN-SOLUTION D 


29580 


WILSON TOTAL 
WIPEOUT MAX GRASS 
& WEED KILLER 
READY TO USE 
BATTERY POWERED GPI-7;  SN-SOLUTION D 


31023 
SMARTONES WIPEOUT 
MAX GPI-7.0;  SN-SOLUTION D 


32090 


WILSON TOTAL 
WIPEOUT MAX GRASS 
& WEED KILLER 
REFILL GPI-7;  SN-SOLUTION D 


DOW AGROSCIENCES 
CANADA INC. 


26449 


GLYPHOSATE 62% 
SOLUTION 
MANUFACTURING 
CONCENTRATE GPI-46;  SN-SOLUTION M 


27074 


VANTAGE HERBICIDE 
SOLUTION 
MANUFACTURING 
CONCENTRATE GPI-356;  SN-SOLUTION M 


27075 


VANTAGE PLUS 
HERBICIDE SOLUTION 
MANUFACTURING 
CONCENTRATE GPI-360;  SN-SOLUTION M 


28963 


GLYPHOSATE 85% 
MANUFACTURING 
CONCENTRATE GPS-85;  SN-SOLUTION M 


28783 


GF-1667 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPX-49;  SN-SOLUTION M 


FMC CORPORATION 


25600 


GLYPHOSATE 
CONCENTRATE 
HERBICIDE GPI-46.3;  SN-SOLUTION M 


27497 GLYFOS 356 MUC GPI-356;  SN-SOLUTION M 
MONSANTO CANADA 
INC. 


21061 


MON 0139 SOLUTION 
HERBICIDE 
MANUFACTURING 
CONCENTRATE GPI-46.0;  SN-SOLUTION M 


26919 


MON 77945 HERBICIDE 
MANUFACTURING 
CONCENTRATE 
SOLUTION GPI-46;  SN-SOLUTION M 


28625 


MON 78087 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPI-356;  SN-SOLUTION M 


32273 


GLY 135EA HERBICIDE 
MANUFACTURING 
CONCENTRATE GPI-45.6;  SN-SOLUTION M 
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Registrant Name 
Registration 
Number Product Name 


Guarantee1  
(g a.e./L) Formulation 


Marketing 
Class2 


27485 


MON 78623 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPP-47.3;  SN-SOLUTION M 


28603 


MON 79380 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPP-540;  SN-SOLUTION M 


28604 


MON 79582 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPP-540;  SN-SOLUTION M 


28605 


MON 79544 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPP-540;  SN-SOLUTION M 


27183 


MON 77973 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPS-85;  SN-SOLUTION M 


NUA 29123 


NUFARM GLYPHOSATE 
IPA MANUFACTURING 
CONCENTRATE GPI-46;  SN-SOLUTION M 


SYNGENTA CANADA 
INC. 27871 


GLYPHOSATE 600 SL 
MANUFACTURING 
CONCENTRATE GPS-600;  SN-SOLUTION M 


WMW 29719 


TERAGRO 
GLYPHOSATE 
MANUFACTURING 
CONCENTRATE GPI-46;  SN-SOLUTION M 


ALBAUGH LLC 28321 


CLEAROUT 
GLYPHOSATE 
TECHNICAL GPS-94.8;  SO-SOLID T 


AGROMARKETING CO. 
INC. 29645 


NASA GLYPHOSATE 
TECHNICAL GPS-96.37;  SO-SOLID T 


CONSUS CHEMICALS, 
LLC. 31728 


CONSUS GLYPHOSATE 
TECHNICAL GPS-96.7;  SO-SOLID T 


DOW AGROSCIENCES 
CANADA INC. 


26450 


GLYPHOSATE 
TECHNICAL 
HERBICIDE GPS-96.3;  SO-SOLID T 


28967 


TECHNICAL 
GLYPHOSATE 
HERBICIDE GPS-96.2;  SO-SOLID T 


FMC CORPORATION 
24337 


GLYPHOSATE 
TECHNICAL GPS-85.8;  SO-SOLID T 


29143 


GLYFOS SOLUBLE 
CONCENTRATE 
HERBICIDE 2 GPS-97.9;  SO-SOLID T 


29326 


CHEMINOVA 
GLYPHOSATE 
TECHNICAL II GPS-95.7;  SO-SOLID T 


29530 


CHEMINOVA 
GLYPHOSATE 
TECHNICAL III GPS-98.2;  SO-SOLID T 


JOINT GLYPHOSATE 
TASK FORCE, LLC 30638 


JOINT GLYPHOSATE 
TECHNICAL GPS-96.3;  SO-SOLID T 


LIBERTAS NOW INC. 29265 KNOCKOUT TECH GPS-98.1;  SO-SOLID T 
MEY CORPORATION 


29799 


MEY CORP 
GLYPHOSATE 
TECHNICAL GPS-98.5;  SO-SOLID T 


30099 
MGT GLYPHOSATE 
TECHNICAL GPS-96.4;  SO-SOLID T 


30617 
MEY GLYPHOSATE 
SHANRG TECHNICAL GPS-97.59;  SO-SOLID T 
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Registrant Name 
Registration 
Number Product Name 


Guarantee1  
(g a.e./L) Formulation 


Marketing 
Class2 


MONSANTO CANADA 
INC. 19535 


GLYPHOSATE 
TECHNICAL GRADE GPS-96.3;  SO-SOLID T 


NEWAGCO INC 29381 


NEWAGCO 
GLYPHOSATE 
TECHNICAL GPS-96.0;  SO-SOLID T 


NUFARM 
AGRICULTURE INC. 28857 


NUFARM GLYPHOSATE 
TECHNICAL ACID GPS-96.5;  SO-SOLID T 


PRODUCTIERRA 31062 


PRODUCTIERRA 
GLYPHOSATE 
TECHNICAL GPS-98.0;  SO-SOLID T 


SHARDA CROPCHEM 
LIMITED 29980 


SHARDA GLYPHOSATE 
TECHNICAL 
HERBICIDE GPS-96.2;  SO-SOLID T 


SYNGENTA CANADA 
INC. 


28983 


TECHNICAL 
TOUCHDOWN 
HERBICIDE GPS-97.1;  SO-SOLID T 


29540 


TOUCHDOWN 
TECHNICAL 
HERBICIDE GPS-99;  SO-SOLID T 


UPI GLYPHOSATE 
TECHNICAL 
HERBICIDE 30634 


UPI GLYPHOSATE 
TECHNICAL 
HERBICIDE GPS-97.7;  SO-SOLID T 


TERAGRO INC 28882 


GLYPHOSATE 
TECHNICAL 
HERBICIDE GPS-97.5;  SO-SOLID T 


 
1 GPS = glyphosate acid, GPI = glyphosate isopropylamine or ethnolamine salt, GPM = glyphosate mono-ammonium or diammonium salt, GPP = 
glyphosate potassium salt, GPX = glyphosate dimethylsulfonium salt, and GPO = GPI + GPP. Note that GPT (glyphosate trimethylsulfonium 
salt) has been voluntarily discontinued by the registrant Syngenta Canada Inc. 
2 C = Commercial Class, C+R = Commercial and Restricted Class, D = Domestic Class, M = Manufacturing Concentrate, T = Technical grade 
active ingredient. 
3 AME = s-metolachlor, DIC = dicamba, DIQ = diquat, DXB = 2,4-D (isomer specific), FOF = fomesafen, GLG = glufosinate ammonium and 
MER = mesotrione. 
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Appendix III Summary of Species sensitivity Distribution Toxicity Data 
 
Table 1 Revised summary of Species Sensitivity Distribution (SSDs) toxicity data 


analysis for glyphosate herbicide: HC5 1 or the most sensitive endpoints are 
listed by taxonomic group for Fish, Aquatic Invertebrates and Amphibians * 


 


Test 
material 


Exposure 
Freshwater 


invertebrates 
(mg a.e./L)B 


Freshwater 
fish 
(mg 


a.e./L)C 


Marine 
fish 
(mg 


a.e./L)C 


Marine 
invertebrates 
(mg a.e./L)B 


Amphibians 
(mg a.e./L)C 


Amphibians 
Mesocosm/field 


(mg a.e./L)C 


TGAI 
Acute  HC5: 15.9 HC5: 70 HC5: 19.9 HC5: 4.7 HC5: 14.9 - 


Chronic NOEC: 13.0 NOEC: 
22.4 


NOEC: 0.1 - - - 


EUP 
NON 
POEA 


Acute  HC5: 24.4 HC5: 2.3 LC50: 114.6 EC50: 23.2 HC5: 13.9 - 


Chronic EC50: 44.0 - - - - - 


EUP 
WITH 
POEA 


Acute  HC5: 0.1 HC5: 2.2 HC5: 3.0 HC5: 0.1 HC5: 0.73 
HC5: 3.7 
HC5: 3.3 


(kg a.e/ha) 


Chronic NOEC: 0.2 
NOEC: 


0.28 
- - HC5: 0.43 HC5: 1.9 


AMPA 
Acute  LC50: 316.0 LC50: 274.0 - EC50: 97.0 - - 
Chronic - - - -  - 


POEA 
Acute  HC5: 0.004 HC5: 0.2 HC5: 2.0 EC50: 0.6 HC5: 0.3 - 
Chronic - - - - - - 


*Where SSDs could not be determined, the most sensitive species endpoint value is reported; 1Hazardous concentration to 5% of 
species; POEA is a formulant, POEA concentrations cannot be directly compared to other data as the concentration in a 
formulation varies and not specified; B HC5 is derived from EC50 values; C HC5 is derived from LC50 values. 
TGAI = Technical grade active ingredient, EUP NON POEA = End-use product that does not contain polyethoxylated tallow 
amine compound in their formulation, EUP WITH POEA = End-use product that does contain polyethoxylated tallow amine 
compound in their formulation, AMPA = aminmethylphosphonic acid compound, POEA = polyethoxylated tallow amine 
 
Table 2 Revised summary of Species Sensitivity Distribution (SSDs) toxicity data 


analysis for glyphosate herbicide: HC5 1 or the most sensitive endpoints are 
listed by taxonomic group for Aquatic Plants, Algae, Terrestrial Plants * 


 


Test material Exposure 
Freshwater 


Algae 
(mg a.e./L)B 


Freshwater 
Plants 


(mg a.e./L) 


Marine Algae 
(mg a.e./L) 


Snails 
(mg a.e./L) 


TGAI 
Acute  


HC5: 6.6 
EC50: 10.1 


EC50: 17.3 
Er50: 0.38 kg 


a.e./ha 
EC50: 3.35 - 


Chronic HC5:21.6 - EC50:101.5 NOEC: 1000 


EUP NON POEA 


Acute  EC50: 37 - - - 


Chronic - - - 
NOEC: 29.7  
NOEC: 219 


(mg a.e./kg soil) 


EUP WITH POEA 
Acute  HC5: 0.1 EC50: 2.1 EC50: 0.43 LC50: 2.3 
Chronic HC5:0.3  EC50: 8.3 NOEC: 8.55 


EUP NON POEA and 
WITH POEA 


Acute - - - - 
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Test material Exposure 
Freshwater 


Algae 
(mg a.e./L)B 


Freshwater 
Plants 


(mg a.e./L) 


Marine Algae 
(mg a.e./L) 


Snails 
(mg a.e./L) 


AMPA 
Acute  EC50: 73 - - - 
Chronic - - - - 


POEA Acute  EC50: 4 - EC50: 3.4 - 
*Where SSDs could not be determined, the most sensitive species endpoint value is reported; 1Hazardous concentration to 5% of 
species; POEA is a formulant, POEA concentrations cannot be directly compared to other data as the concentration in a 
formulation varies and not specified; B HC5 is derived from EC50 values; C HC5 is derived from LC50 values;  
TGAI = Technical grade active ingredient, EUP NON POEA = End-use product that does not contain polyethoxylated tallow 
amine compound in their formulation, EUP WITH POEA = End-use product that does contain polyethoxylated tallow amine 
compound in their formulation, AMPA = aminmethylphosphonic acid compound, POEA = polyethoxylated tallow amine 
 
Table 3 Revised summary of Species Sensitivity Distribution (SSDs) toxicity data 


analysis for glyphosate herbicide: HC5 1 or the most sensitive endpoints are 
listed by taxonomic group for Terrestrial Plants and Terrestrial 
Invertebrates. 


 


Test material Exposure 
Terrestrial Plants 


(SE) EC50 
(kg a.e/ha) 


Terrestrial plants 
EC25


 


MixedD  
(kg a.e/ha) 


Terrestrial plants 
EC50 


MixedD  
(kg a.e/ha) 


Earthworms 
(mg a.e./kg soil) 


TGAI 
Acute EC50: 0.07 -  690 


Chronic - -  - 


EUP NON POEA 
Acute EC50: 4.48 -  - 
Chronic - -  - 


EUP WITH 
POEA 


Acute -  HD5 = 0.035  0.253 


Chronic - -  - 
EUP NON POEA 
and WITH POEA 


Acute 
- 


HD5 = 0.037 HD5 = 0.0658 - 


(SE) = seedling emergence, (VV) = vegetative vigor; *Where SSDs could not be determined, the most sensitive species endpoint 
value is reported; 1Hazardous concentration to 5% of species; POEA is a formulant, POEA concentrations cannot be directly 
compared to other data as the concentration in a formulation varies and not specified; B HC5 is derived from EC50 values; C HC5 is 
derived from LC50 values; DMixed = Crop and non-crop plants combined. Yellow highlight: most sensitive acute and chronic 
endpoint.  
TGAI = Technical grade active ingredient, EUP NON POEA = End-use product that does not contain polyethoxylated tallow 
amine compound in their formulation, EUP WITH POEA = End-use product that does contain polyethoxylated tallow amine 
compound in their formulation, AMPA = aminmethylphosphonic acid compound, POEA = polyethoxylated tallow amine 
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Appendix IV Label Amendments for Products Containing Glyphosate 
 
The label amendments presented below do not include all label requirements for individual 
products, such as first aid statements, disposal statements, precautionary statements and 
supplementary protective equipment. Information on labels of currently registered products 
should not be removed unless it contradicts the following label statements. 
______________________________________________________________________ 
 


A) Label Amendments for Glyphosate Technical Products 
 
 The following label amendments are required on the Glyphosate Technical labels: 
 


1) Add to the primary panel of the Technical product labels: 
 


The signal words “DANGER – EYE IRRITANT”, and accompanying glyphs.  
 


2) Before STORAGE section, Add the title “ENVIRONMENTAL HAZARDS” and the 
following statement: 


 
• TOXIC to non-target terrestrial plants 
• TOXIC to aquatic organisms 


 
3) Remove the following statement under the “DISPOSAL AND 


DECONTAMINATION”  
 


“Canadian formulators of this technical should dispose of unwanted active and containers 
in accordance with municipal or provincial regulations. For information on disposal of 
unused, unwanted product, contact the manufacturer or the provincial regulatory agency. 
Contact the manufacturer and the provincial regulatory agency in the case of a spill, and 
for clean-up of spills.” 


 
and replace it with the following statement: 


 
“Canadian manufacturers should dispose of unwanted active ingredients and containers in 
accordance with municipal or provincial regulations. For additional details and clean up 
of spills, contact the manufacturer or the provincial regulatory agency.”  


 
B) For Domestic Products Containing Glyphosate 


 
 For all end-use products, the following statement is required: 
 
 “Glyphosate is not to be applied using hand-wicking or hand-daubing methods.” 
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C) For Commercial and Agricultural Class Products Containing 
Glyphosate 


 


1) Add to DIRECTIONS FOR USE: 
 


 For all end-use products, the following statement is required: 
 
 “Glyphosate is not to be applied using hand-wicking or hand-daubing methods.” 


 
Restricted Entry Intervals  


 
“The restricted entry interval is 12 hours after application for all agricultural uses.” 


 
2) Add to Use Precautions 


 
“Apply only when the potential for drift to areas of human habitation or areas of human 
activity such as houses, cottages, schools and recreational areas is minimal. Take into 
consideration wind speed, wind direction, temperature inversions, application equipment 
and sprayer settings.” 


 
3) Add the following to ENVIRONMENTAL HAZARDS:  


 
• TOXIC to aquatic organisms and non-target terrestrial plants. Observe buffer 


zones specified under DIRECTIONS FOR USE.  
 


• To reduce runoff from treated areas into aquatic habitats, avoid application to 
areas with a moderate to steep slope, compacted soil or clay.  


 
• Avoid application when heavy rain is forecast.  


 
• Contamination of aquatic areas as a result of runoff may be reduced by including 


a vegetative strip between the treated area and the edge of the water body. 
 


4) Add to DIRECTIONS FOR USE 
 


The following statement is required for all agricultural and commercial pesticide products: 
 


• As this product is not registered for the control of pests in aquatic systems, 
DO NOT use to control aquatic pests 


 
• DO NOT contaminate irrigation or drinking water supplies or aquatic 


habitats by cleaning of equipment or disposal of wastes. 
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5) Add to DIRECTIONS FOR USE 
 


Field sprayer application: DO NOT apply during periods of dead calm. Avoid 
application of this product when winds are gusty. DO NOT apply with spray droplets 
smaller than the American Society of Agricultural Engineers (ASAE S572.1) coarse 
classification. Boom height must be 60 cm or less above the crop or ground. 


 
Airblast or mist blower application: DO NOT apply during periods of dead calm. Avoid 
application of this product when winds are gusty. DO NOT direct spray above plants to 
be treated. DO NOT apply when wind speed is greater than 16 km/h at the application 
site as measured outside of the treatment area on the upwind side. For airblast 
applications, turn off outward pointing nozzles at row ends and outer rows. 


 
 Aerial application: DO NOT apply during periods of dead calm. Avoid application of 


this product when winds are gusty. DO NOT apply when wind speed is greater than 16 
km/h at flying height at the site of application. DO NOT apply with spray droplets 
smaller than the American Society of Agricultural Engineers (ASAE S572.1) coarse 
classification. To reduce drift caused by turbulent wingtip vortices, the nozzle 
distribution along the spray boom length MUST NOT exceed 65% of the wing- or 
rotorspan. 


 
Buffer zones: 


 
Use of the following spray methods or equipment DO NOT require a buffer zone: hand-
held or backpack sprayer and spot treatment, inter-row hooded sprayer, low-clearance 
hooded or shielded sprayers that ensure spray drift does not come in contact with orchard 
crop fruit or foliage, soil drench and soil incorporation. 


 
For application to rights-of-way and for forestry uses, buffer zones for protection of 
sensitive terrestrial habitats are not required; however, the best available application 
strategies which minimize off-site drift, including meteorological conditions (for 
example, wind direction, low wind speed) and spray equipment (for example, coarse 
droplet sizes, minimizing height above canopy), should be used. Applicators must, 
however, observe the specified buffer zones for protection of sensitive aquatic habitats. 


 
The buffer zones specified in the table below are required between the point of direct 
application and the closest downwind edge of sensitive terrestrial habitats (such as 
grasslands, forested areas, shelter belts, woodlots, hedgerows, riparian areas and 
shrublands) and sensitive aquatic habitats (such as lakes, rivers, sloughs, ponds, prairie 
potholes, creeks, marshes, streams, reservoirs, wetlands and estuarine/marine water 
bodies). 
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Table 1 Buffer Zones for the Protection of Aquatic and Terrestrial Habitats from 
Spray Drift of Glyphosate Products Formulated with POEA  


 


Agricultural, forestry and non-cropland systems 
Maximum 
number of 


applications 


Buffer Zones (metres) 
Required for the 


Protection of: 
Aquatic 
habitats 


Terrestrial 
habitats 


Agricultural crop system and ground boom application method    
Rye, cranberry, pasture, summer fallow, all other crops for pre-seeding 
treatments only, filberts or hazelnut at pre-seeding only, ginseng new 
garden 


1 1 1 


Ginseng - existing established garden, Canola – Roundup Ready hybrid for 
seed production 2 1 1 


Filberts or hazelnut, sugar beets (glyphosate tolerant varieties) 4 1 1 
Corn (glyphosate non-tolerant varieties including grain, silage and 
ornamental types), sugar beet (glyphosate non-tolerant varieties), 
strawberry, blueberry highbush and lowbush, walnut, chestnut, Japanese 
heartnut, Turf grass (prior to establishment or renovation) 


2 1 2 


Wheat, barley, oats, soybean (glyphosate non-tolerant varieties), corn-sweet 
(glyphosate tolerant varieties), canola (glyphosate non-tolerant varieties), 
peas, dry beans, flax (including low linoleic acid varieties), lentils, 
chickpea, lupin (dried), fava bean (dried), mustard (yellow/white, brown, 
oriental), pearl millet, sorghum (grain) (not for use as a forage crop), 
asparagus, corn (glyphosate tolerant varieties), forage grasses and legume 
including seed production 


3 1 2 


Canola (glyphosate tolerant varieties), soybean (glyphosate tolerant 
varieties) 4 1 2 


Apple, apricot, cherry (sweet/sour), peaches, pears, plums, grapes 3 1 3 
Agricultural crop system and airblast application method (including 
mist blower)    


Pasture 1 20 30 
Turfgrass (Prior to establishment or renovation) 2 25 35 
Forest plant system and ground boom application method    
Forest and woodlands > 500 ha 
Site preparation 2 1 NR 


Forest plant system and airblast application method (including mist 
blower)    


Forest and woodlands > 500 ha 
Site preparation 2 1 NR 


Non-cropland system and ground boom application method    
Non-crop land and industrial uses:  
Industrial and rights of way areas, Recreational and public areas 3 1 3* 


Non-cropland system and airblast application method (including mist 
blower)    


Non-crop land and industrial uses:  
Industrial and rights of way areas, Recreational and public areas 3 1 30* 


Agricultural crop system and aerial application method Wing 
type    


Rye, corn (glyphosate non-tolerant varieties), corn-sweet 
(glyphosate tolerant varieties), chickpea, lupin (dried), fava 
bean (dried), mustard (yellow/white, brown, oriental), pearl 
millet , sorghum (grain) (not for use as a forage crop), sugar 
beet (glyphosate non-tolerant varieties), all other crops for pre-
seeding treatments only 


Fixed 
and 


rotary 
wing 


1 15 20 
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Agricultural, forestry and non-cropland systems 
Maximum 
number of 


applications 


Buffer Zones (metres) 
Required for the 


Protection of: 
Aquatic 
habitats 


Terrestrial 
habitats 


Canola (glyphosate tolerant varieties) 


Fixed 
and 


rotary 
wing 


3 20 40 


Sugar beets (glyphosate tolerant varieties) 


Fixed 
wing 2 20 30 


Rotary 
wing 2 15 30 


Wheat, barley, oats, soybean (glyphosate non-tolerant varieties), 
canola (glyphosate non-tolerant varieties), peas, dry beans, flax 
(including low linoleic acid varieties), lentils 


Fixed 
wing 2 20 35 


Rotary 
wing 2 20 30 


Forage grasses and legume including seed production 


Fixed 
and 


rotary 
wing 


1 20 40 


Soybean (glyphosate tolerant varieties) 


Fixed 
wing 3 20 45 


Rotary 
wing 3 20 40 


Summer fallow 


Fixed 
wing 1 20 45 


Rotary 
wing 1 20 40 


Corn (glyphosate tolerant varieties) 


Fixed 
wing 2 20 50 


Rotary 
wing 2 20 45 


Pasture 


Fixed 
wing 1 30 70 


Rotary 
wing 1 30 55 


Forestry system and aerial application method     
Forest and woodlands >500 ha 
Site preparation  


Fixed 
wing 2 10 NR 


Rotary 
wing 2 1 NR 


Forest and woodlands <500 ha 
Site preparation 


Fixed 
wing 2 5 NR 


Rotary 
wing 2 1 NR 


Non-cropland system and aerial application method     


Non-crop land and industrial uses: rights-of way areas only 


Fixed 
wing 3 100 NR 


Rotary 
wing 3 60 NR 


* Buffer zones for the protection of terrestrial habitats are not required for forestry uses or for use on rights-of-way 
including railroad ballast, rail and hydro rights-of-way, utility easements, roads, and training grounds and firing 
ranges on military bases. 
NR = Buffer zones for the protection of terrestrial habitats are not required for forestry uses. 
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For tank mixes, consult the labels of the tank-mix partners and observe the largest (most 
restrictive) buffer zone of the products involved in the tank mixture and apply using the coarsest 
spray (ASAE) category indicated on the labels for those tank mix partners. 
 
The buffer zones for this product can be modified based on weather conditions and spray 
equipment configuration by accessing the Buffer Zone Calculator on the Pest Management 
Regulatory Agency web site.  
 
Table 2 Buffer Zones for the Protection of Aquatic and Terrestrial Habitats from 


Spray Drift of Glyphosate Products without POEA  
 


Agricultural and non-cropland systems 
Maximum 
number of 


applications 


Buffer Zones (metres) 
Required for the 


Protection of: 
Aquatic 
habitats 


Terrestrial 
habitats 


Agricultural crop system and ground boom application method 
Rye, cranberry, pasture, summer fallow, pasture, all other crops for pre-
seeding treatments only, filberts or hazelnut pre-seeding only, ginseng new 
garden 


1 1 1 


Ginseng - existing established garden, Canola – Roundup Ready hybrid for 
seed production 2 1 1 


Filberts or hazelnut, sugar beets (glyphosate tolerant varieties) 4 1 1 
Corn (glyphosate non-tolerant varieties including grain, silage and 
ornamental types), sugar beet (glyphosate non-tolerant varieties), 
strawberry, blueberry highbush and lowbush, walnut, chestnut, Japanese 
heartnut, Turf grass (prior to establishment or renovation) 


2 1 2 


Wheat, barley, oats, soybean (glyphosate non-tolerant varieties), corn-sweet 
(glyphosate tolerant varieties), canola (glyphosate non-tolerant varieties), 
peas, dry beans, flax (including low linoleic acid varieties), lentils, 
chickpea, lupin (dried), fava bean (dried), mustard (yellow/white, brown, 
oriental), pearl millet, sorghum (grain) (not for use as a forage crop), 
asparagus, corn (glyphosate tolerant varieties), forage grasses and legume 
including seed production 


3 1 2 


Canola (glyphosate tolerant varieties), soybean (glyphosate tolerant 
varieties) 4 1 2 


Apple, apricot, cherry (sweet/sour), peaches, pears, plums, grapes 3 1 3 
Agricultural crop system and airblast application method (including mist blower)  
Pasture 1 20 30 
Turfgrass (Prior to establishment or renovation) 2 25 35 
Non-cropland system and ground boom application method 
Non-crop land and industrial uses: Industrial and rights of way areas, 
Recreational and public areas 3 1 3 


Non-cropland system and airblast application method (including mist blower) 
Non-crop land and industrial uses: Industrial and rights of way areas, 
Recreational and public areas 3 20 30 


Agricultural crop system and aerial application method 
Rye, corn (glyphosate non-tolerant varieties), corn-sweet 
(glyphosate tolerant varieties), chickpea, lupin (dried), 
fava bean (dried), mustard (yellow/white, brown, oriental), 
pearl millet , sorghum (grain) (not for use as a forage 
crop), sugar beet (glyphosate non-tolerant varieties), all 
other crops for pre-seeding treatments only 


Fixed and 
rotary wing 1 15 20 
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Agricultural and non-cropland systems 
Maximum 
number of 


applications 


Buffer Zones (metres) 
Required for the 


Protection of: 
Aquatic 
habitats 


Terrestrial 
habitats 


Sugar beets (glyphosate tolerant varieties) Fixed wing 2 20 30 
Rotary wing 2 15 30 


Wheat, barley, oats, soybean (glyphosate non-tolerant 
varieties), canola (glyphosate non-tolerant varieties), peas, 
dry beans, flax (including low linoleic acid varieties), 
lentils 


Fixed wing 2 20 35 


Rotary wing 2 20 30 


Forage grasses and legume including seed production Fixed and 
rotary wing 1 20 40 


Canola (glyphosate tolerant varieties)  Fixed and 
rotary wing 3 20 40 


Soybean (glyphosate tolerant varieties) Fixed wing 3 20 45 
Rotary wing 3 20 40 


Summer fallow Fixed wing 1 20 45 
Rotary wing 1 20 40 


Corn (glyphosate tolerant varieties) Fixed wing 2 20 50 
Rotary wing 2 20 45 


Pasture Fixed wing 1 30 70 
Rotary wing 1 30 55 


Non-cropland system and aerial application method     
Non-crop land and industrial uses: rights-of way areas 
only 


Fixed wing 3 100 NR 
Rotary wing 3 60 NR 


 * Buffer zones for the protection of terrestrial habitats are not required for use on rights-of-way including railroad 
ballast, rail and hydro rights-of-way, utility easements, roads, and training grounds and firing ranges on military 
bases. 
NR = Buffer zones for the protection of terrestrial habitats are not required for forestry uses. 
 
For tank mixes, consult the labels of the tank-mix partners and observe the largest (most 
restrictive) buffer zone of the products involved in the tank mixture and apply using the coarsest 
spray (ASAE) category indicated on the labels for those tank mix partners. 


 
The buffer zones for this product can be modified based on weather conditions and spray 
equipment configuration by accessing the Buffer Zone Calculator on the Pest Management 
Regulatory Agency web site. 
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Studies and Information Considered in Relation to Human Health Risk 
Assessment 


Toxicology 


A. List of Additional Studies/Information submitted by Registrant – Unpublished  
PMRA  Reference 
Document  
Number 
 
1644044 2007, Surfactant 8184-92, acute dermal toxicity study in rabbits, DACO: 4.6.2 
 
1644045 


 
2007, Surfactant 8184-92, acute dermal toxicity study in rats, DACO: 4.6.2 
 


1817835 2007, Surfactant, 8184-92, acute inhalation toxicity study in rats, DACO: 4.6.3 
 


1817836 2007, Surfactant, 8184-92, skin sensitization study in guinea pigs, DACO: 4.6.6 
 


1817838 2007, Surfactant, 8184-92, acute eye irritation study in rabbits, DACO: 4.6.4 
 


1817839 2008, Combined repeated dose toxicity study with the reproduction/developmental 
toxicity screening test in rats for experimental surfactant 8184-92, DACO: 4.7.7 
 


1817840 2007, Surfactant 8184-92, acute oral toxicity study (UDP) in rats, DACO: 4.6.5  
 


1817841 2007, Surfactant 8184-92, acute dermal irritation study in rabbits, DACO: 4.6. 
 


2550453 2008, An 8 week oral (diet and gavage) toxicity study of citric acid in male rats, 
DACO: 4.8 
 


2550454 2009, Citric Citrate 7 day palatability report, DACO: 4.8 
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