
APPENDIX: Review of Pesticides 

 

In order to ensure the Forest Service has access to the best available science regarding the 

risks posed by herbicides to wildlife, water, and ecosystems (as required by NEPA and Forest 

Planning regulations), we have reviewed essential information and summarized it here for a 

selection of commonly used herbicides. 

2,4-D 

2,4-D is a persistent, mobile herbicide used for control of broadleaf plants. It is a 

widespread water contaminant with monitoring data from the USGS, EPA, USDA, the California 

Department of Pesticide Regulation and the Washington Department of Agriculture finding 

traces of the pesticide in 37-59 percent of all surface water samples tested.1  2,4-D is highly 

prone to pesticide drift events due to its volatility and toxicity and has consistently been the most 

common pesticide involved in drift complaints.2 

The labeled, aquatic use of 2,4-D can kill aquatic plants and invertebrates that 

endangered fish rely on for food and shelter, resulting in the U.S. National Marine Fisheries 

Service concluding that the use of 2,4-D was likely to jeopardize the continued existence of 

endangered Pacific salmon and steelhead species.3  In addition the EPA determined that nearly 

all current labeled uses of 2,4-D were likely to adversely affect endangered amphibians and 

reptiles like the endangered California Red-legged Frog and Alameda Whipsnake.4 

In a 2016 evaluation, EPA found that 2,4-D can cause direct harm to all plants and 

animals if used according to the EPA-approved label.5  Harms found specifically for non-crop 

uses, like the ones proposed, are to ESA-listed vascular aquatic plants,6 chronic harm to all 

                                                           
1 EPA. Preliminary Ecological Risk Assessment for Registration Review of 2,4-D at 24 (June 29, 2016), 

https://www.regulations.gov/document?D=EPA-HQ-OPP-2012-0330-0047.  

2 Association of American Pesticide Control Officials, 2005 Pesticide Drift Enforcement Survey Report 

(2005), https://www.centerforfoodsafety.org/files/aapco-2005 29712.pdf. 

3 National Marine Fisheries Service Endangered Species Act Section 7 Consultation, Biological Opinion 

Environmental Protection Agency Registration of Pesticides 2,4-D, Triclopyr BEE, Diuron, Linuron, 

Captan, and Chlorothalonil (June 30, 2011), https://www3.epa.gov/pesticides/endanger/litstatus/final-4th-

biop.pdf.  

4 EPA, Risks of 2,4-D Use to the Federally Threatened California Red-legged Frog (Rana aurora 

draytonii) and Alameda Whipsnake (Masticophis lateralis euryxanthus) (Feb. 20, 2009), 

https://www3.epa.gov/pesticides/endanger/litstatus/effects/redleg-frog/2-4-d/analysis.pdf. 

5 Id. 

6 Id. at 45-46. 



species of birds that feed on short grasses,7 acute harm to all species of mammals,8 sublethal 

effects to pollinators such as bees,9 and all terrestrial plants.10 The potential for harm to non-

target plants from spray drift extends up to 250 ft away from the site of application at an 

application rate of 2 lb/acre (the maximum application rate for non-crop uses is twice as high at 4 

lb/acre).11  

There have been a high number of incidents involving human harm from 2,4-D.  From 

2007 to 2012, there were over 2,000 incidents reported to the EPA involving neurological, 

respiratory, liver, and kidney dysfunctions.12  EPA also identified occupational exposure risks of 

concern via inhalation.13  The EPA also found that “Based on currently available toxicity data, 

which demonstrate effects on the thyroid and gonads following exposure to 2,4-D, there is 

concern regarding its endocrine disruption potential.”14  Altered hormone levels have also been 

associated with urinary 2,4-D levels in human epidemiological studies.15 

Clethodim 

Clethodim poses a risk to many non-target organisms, including freshwater fish and 

amphibians, for every single approved use of the pesticide.16  Mammals are also estimated to 

experience chronic harms from many uses of clethodim.17  Terrestrial plants, particularly 

monocots, are expected to experience reduced seedling emergence more than 1000 ft away from 

the treated area and experience growth impairment nearly 500 ft from the treated area.18  
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12 EPA, 2,4-D: Tier II Incident Report at 2-3 (June 28, 2016), 

https://www.regulations.gov/document?D=EPA-HQ-OPP-2012-0330-0046.  

13 EPA, 2,4-D. Revised Occupational and Residential Exposure Assessment for Registration Review 

(Nov. 15, 2016), https://www.regulations.gov/document?D=EPA-HQ-OPP-2012-0330-0085. 

14 EPA. Reregistration Eligibility Decision for 2,4-D. 2005; Available from: 
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17 Id. at 59. 

18 Id. at 61. 



Clopyralid 

EPA has found that some clopyralid uses can expose small and medium-sized mammals 

to levels of clopyralid that can decrease body weight and food consumption.19  Risks of concern 

were also identified for endangered herbivorous birds, reptiles and terrestrial amphibians, and 

terrestrial invertebrates, based on short-term exposures from the labelled uses of clopyralid.20 

The EPA found that clopyralid spray drift can result in harm to ESA-listed and non-ESA listed 

plants at a distance of more than 1,000 ft from where it is sprayed.21  When modelling the lowest 

approved application rate, EPA found that plants can be harmed more than 1000 feet away from 

aerial applications and nearly 500 feet away from ground applications.22   

Dicamba  

Dicamba does not adsorb to soil and is highly mobile with the potential to contaminate 

and persist in groundwater.23  It was one of the most frequently detected herbicides in water and 

sediment samples in California,24 and 90 percent of air samples throughout Canada’s agricultural 

region contained dicamba with distributions being suggestive of both local and long-distance 

transport.25  Dicamba is characterized as a volatile compound and prone to extensive spray drift, 

which can severely impact non-target crops and wild plants.26  

Dicamba has caused an unprecedented amount of damage to crop fields, backyard 

gardens, century-old trees, and natural landscapes in recent years.  It is estimated that nearly 5 

million acres of crop fields were damaged by dicamba drift in 2017 and 2018 alone.27  200-year 
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https://www.regulations.gov/document?D=EPA-HQ-OPP-2014-0167-0032.  

20 Id. at 33, 39. 

21 Id. at 41. 

22 Id. at 42. 

23 EPA,Reregistration Eligibility Decision (RED) Document for Dicamba and Associated Salts (2006), 

http://www.epa.gov/pesticides/reregistration/REDs/dicamba red.pdf. 

24 Ensminger, M.P., et al. Pesticide occurrence and aquatic benchmark exceedances in urban surface 

waters and sediments in three urban areas of California, USA, 2008-2011, Environ Monit. Assess. 185(5)  

(2013) at 3697-710. 

25 Yao, Y., et al. Spatial and temporal distribution of pesticide air concentrations in Canadian agricultural 

regions. Atmosperic Environment  40(23) (2006) at 4339-4351. 

26 Behrens, R. and W. Lueschen. Dicamba Volatility. Weed Science (1979) 27(5) at 486-493; Egan, J.F. 

and D.A. Mortensen, Quantifying vapor drift of dicamba herbicides applied to soybean, Envt. Toxicol. 

Chem. 31(5) (2012) at 1023-31. 

27 Bradley, K., Univ. of Missouri, A Final Report on Dicamba-injured Soybean Acres (Oct. 30, 2017), 
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old cypress trees,28 oak trees,29 and fruiting trees30 have not escaped the onslaught of damage 

from this pesticide.  A federal USDA advisory committee has recommended that a buffer of no 

less than one mile be implemented between dicamba and any sensitive, non-target plant.31  

Doses of dicamba meant to approximate herbicide drift reduced and delayed the 

flowering of multiple plant species, reducing the floral resources that pollinators rely on in 

farmed regions.32  Dicamba levels far below those estimated to be contained in particle and vapor 

drift are known to reduce plant diversity.33  Similarly, drift-level rates of dicamba were found to 

reduce flowering of multiple plants, a reduction scientists have found coincides with reduced 

visitation by pollinators.34  Studies have also shown dicamba to be particularly harmful to 

milkweed, a plant the monarch caterpillar uses as its only food source, putting the monarch 

butterfly at risk of harm.35 

EPA has determined that small birds and mammals would exceed the agency’s level of 

concern for dicamba if they foraged on plants or insects in treated fields following treatment and 

that dicamba had the potential for causing risk to endangered birds, mammals, and non-target 

plants.36  Furthermore, the EPA stated that “mammals could potentially be at risk for 

developmental/reproductive effects or for direct effects on foraging behavior when chronically 
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https://www.ams.usda.gov/sites/default/files/media/2018 2020FVIACRecommendations.pdf.  
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visitation, Envt. Toxicol Chem. (2015). 

33 Egan, J.F, Bohnenblust, E, Goslee, S, Mortensen, D.A, and Tooker, J., Herbicide drift can affect plant 
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34 Bohnenblust, E.W, Vaudo, A.D, Egan, J.F, Mortensen, D.A, Tooker, J.F. Effects of the herbicide 

dicamba on nontarget plants and pollinator visitation. Environ Toxicol Chem. 35(1) (2016) at 144–151 

35 Donley, N., A Menace to Monarchs Drift-prone Dicamba Poses a Dangerous New Threat to Monarch 

Butterflies, Center for Biological Diversity (March 2018), 

https://www.biologicaldiversity.org/species/invertebrates/monarch butterfly/pdfs/Menace-to-

Monarchs.pdf. 

36 EPA, Reregistration Eligibility Decision (RED) Document for Dicamba and Associated Salts (2006) 

http://www.epa.gov/pesticides/reregistration/REDs/dicamba red.pdf. 



exposed to dicamba as a result of the labeled uses of the herbicide.”37  Dicamba has also been 

shown to disrupt behavioral patterns in fish38 and low doses were shown to induce mortality in 

coho salmon that were given a biologically-appropriate seawater challenge.39 

There are early indications that dicamba may affect hormone signaling40 and induce 

developmental toxicities41 at biologically-relevant doses. Multiple studies have also indicated 

that it is a mutagen.42 

Endothall  

The EPA has identified many harms to non-target organisms from the labelled uses of 

endothall. Acute harm to mammals was identified from all terrestrial uses of endothall and 

reproductive harm, resulting in decreased birth weight of pups and pup death, was also identified 

for a subset of uses.43  Some uses of endothall were found to expose birds that feed on grasses, 

broad leaf plants, and small insects to nine times the amount known to cause early embryonic 

mortality.44  As with many herbicides, endothall was also found to result in harm to non-target 

plants.  
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(2015) at 693-703; Goldner, W.S., et al. Hypothyroidism and pesticide use among male private pesticide 

applicators in the agricultural health study, J. Occup Envt. Med., 55(10) (2013) 1171-8. 
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43 EPA, Reregistration Eligibility Decision for Endothall (Sept. 2005) at 18, 
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44 Id. 



Endothall is considered “highly toxic” to “very highly toxic” to freshwater fish and 

invertebrates by the EPA.45  EPA has concluded that all uses including direct water application 

and terrestrial application resulted in risks of concern to fish and aquatic invertebrates.46 

Fluazifop-P-Butyl 

Using fluazifop according to the pesticide label can expose mammals to concentrations 

that are known to cause reduced pup viability and pup weight.47  Fluazifop can also cause 

chronic harm to bee larva following every use of the pesticide that was modelled by EPA.48 

Terrestrial plants can be exposed to levels of fluazifop via spray drift that can cause harm, 

anywhere from 100 to 1,000 ft from the treated area.49 

Glyphosate  

A 2015 EPA analysis found multiple environmental harms from glyphosate use. Use of 

glyphosate in accordance with the label was found to: 

1) Result in concentrations that can potentially impact the survival and biomass of aquatic plants, 

upland plants, and riparian/wetland plants.50  

2) Result in residues on foliage that can potentially impact the growth of herbivorous birds, 

reptiles and terrestrial amphibians.51  

3) Potentially impact the growth and reproduction of terrestrial mammals following ground 

applications of glyphosate.52  

This analysis also indicated that considerable no-spray buffers would be needed to keep off-

target plants from being harmed by glyphosate use, more than 1000 feet for certain aerial 

applications and nearly 400 feet for certain ground applications.53   

Ecological incident data also reinforce the finding that the current labelled uses of glyphosate 

are having devastating effects to plant and animal life outside of the sprayed field.54  
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47 EPA, Fluazifop-p-butyl: Draft Ecological Risk Assessment for Registration Review (June 27, 2019) at 

61, https://www.regulations.gov/document?D=EPA-HQ-OPP-2014-0779-0017. 

48 Id. at 64-65. 

49 Id. at 67. 

50 EPA, Preliminary Ecological Risk Assessment for Glyphosate and Its Salts (Sept. 8, 2015) at 2, 
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52 Id. 

53 Id. at 92.  
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Approximately 600 incidents have been reported and logged on the Ecological Incident 

Information System (EIIS) and Avian Monitoring Information System (AIMS) databases.  A 

separate Incident Data System (IDS) database has identified 269 separate aggregate incident 

reports. Ecological incidents are also significantly underreported for pesticides so this should be 

viewed as the absolute bare minimum of ecological incidents that involve glyphosate. 

A recent draft biological evaluation was recently conducted by the EPA on how use of 

glyphosate may affect all endangered and threatened species in the United States.  The agency 

concluded that glyphosate would “Likely Adversely Affect” 1676 out of 1795 listed species 

(93%) and adversely modify 759 out of 792 designated critical habitat in the U.S.55 T his 

includes nearly every single listed species and critical habitat in the United States and all that 

reside in or near the action area being considered.56 

Some glyphosate formulations and co-formulants have been found to be “highly toxic” to 

certain species of fish.57 

Researchers have found negative associations between glyphosate use and monarch 

population size.58  Use of glyphosate has been tied to widespread declines of milkweed, which is 

essential to monarch butterfly survival.59  

The World Health Organization’s International Agency for Research on Cancer 

(“IARC”) conducted an exhaustive review of the publicly available scientific literature in 2015 

                                                           
55 EPA, Draft National Level Listed Species Biological Evaluation for Glyphosate, Exec. Summary (Nov. 
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57 Id. at 82, 84. 

58 Semmens, B. X., D. J. Semmens, W. E. Thogmartin, R. Wiederholt, L. Lopez-Hoffman, J. E. 

Diffendorfer, J. M. Pleasants, K. S. Oberhauser and O. R. Taylor, Quasi-extinction risk and population 

targets for the Eastern, migratory population of monarch butterflies (Danaus plexippus), Sci. Rep. 6 

(2016) 23265. 

59 Center for Biological Diversity, Petition to Protect the Monarch Butterfly (Danaus Plexippus 
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and concluded that glyphosate is “probably carcinogenic to humans” (Group 2A).60  IARC 

carefully weighed evidence in three areas, and found that: 1) There was sufficient evidence to 

conclude that glyphosate causes cancer in animal studies; 2) There was limited evidence that 

exposure to glyphosate causes cancer (non-Hodgkin lymphoma) in humans; and 3) There was 

strong evidence that glyphosate can damage DNA and induce oxidative stress, two well 

characterized pathways that can lead to cancer.61 

IARC’s finding that glyphosate causes cancer in animals prompted California’s Office of 

Environmental Health Hazard Assessment to list glyphosate as a known carcinogen under 

California’s Proposition 65 law.62  The agency has also finalized a No Significant Risk Level for 

glyphosate, which estimated the daily exposure level that will result in a 1/100,000 chance of 

developing cancer, of 1.1 mg/day.63 

Picloram  

 Picloram is highly persistent, with a half-life that can range from one month to 116 

years.64  It is one of the most mobile pesticides still used in the U.S. and a known water 

contaminant that has been detected in water systems in 43 different states.65  EPA found that 136 

water systems servicing more than 8 million people across the country had detections of 

picloram above the health safety threshold.66  
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EPA also found that picloram has a “very high potential” to leach into groundwater, and 

that once it reaches groundwater will be unlikely to degrade for multiple years.67 

Eventual contamination of ground water is virtually certain in areas where picloram 

residues persist in the overlying soil. Once in ground water, picloram is unlikely to 

degrade, even over a period of several years.68 

In 1998-99, USGS found that 10% of groundwater testing sites had detections of 

picloram in Wyoming and that picloram was detected at the highest concentration of any other 

pesticide tested.69 

Picloram’s main effect to humans is liver toxicity. Picloram acid is also designated highly 

toxic through inhalation exposure, meaning it has a high potential to cause harm to humans 

through the airway.70  

Picloram is a restricted use pesticide based on its extreme toxicity to non-target plants. 

EPA found that estimated concentrations from the labelled use of picloram are hundreds to 

thousands of times the amount known to cause harm to non-target plants.71  A recent EPA risk 

assessment found that the labelled use of picloram exceed the agency’s risk levels of concern to 

terrestrial dicot plants by as much as 1,200-fold.72  Even when particle drift was modelled under 

potential restriction scenarios, harm to non-target plants still occurred over 1,000 feet from the 

use site from ground application alone.73   

Sethoxydim 

Sethoxydim is highly water soluble and has very low soil adsorption, so it is highly likely 

to run-off and seep into groundwater.74 Sensitive aquatic and terrestrial species that rely on 

wetlands or cave systems fed by ground or surface water are at most risk from ground water 

pollution of sethoxydim from nearby usage areas. 
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When used according to label directions, sethoxydim presents a risk to non-target 

terrestrial and aquatic plants from exposure in drift and runoff, with negative effects to terrestrial 

plants occurring as far as 548 ft and 144 ft from the treated area for aerial and ground 

applications, respectively.75 EPA’s 2019 ecological risk assessment found that sethoxydim can 

have sublethal effects to mammals that feed on plants and insects sprayed with the pesticide.76 

Sethoxydim can also impact the feeding and growth of terrestrial invertebrates like bees as far as 

69 ft and 10 ft away from the treated area with aerial and ground applications, respectively.77 

Data gaps remain in EPA’s risk assessment for sethoxydim, as there are no data for larval 

chronic toxicity to bees nor any toxicity data for terrestrial invertebrates other than honey bees. 

Despite its low overall usage sethoxydim has been detected in a national survey of honey bee 

pollen.78  

Endangered butterflies are potentially at risk from sethoxydim used for habitat 

conservation if application is poorly timed or overused. Sethoxydim residues on larval food 

plants have been shown to reduce cabbage white butterfly survival, reduce development time for 

the Puget blue butterfly,79 reduce survival in Euphydryas butterfly larvae,80 and reduce the 

number of Behr’s metalmark butterfly pupae and the survival rate of adults.81 Restricting the 

timing of sethoxydim applications to the diapause period when butterflies are not active can 

protect sensitive life states of butterflies of conservation concern.82  

Triclopyr 

EPA has found that the range, pastureland, and rights-of-way uses of triclopyr can expose 

birds, reptiles and terrestrial amphibians to levels of the herbicide that cause reduced survival of 

offspring.83 The same uses can expose mammals to 37 times the amount of triclopyr known to 

reduce litter size.84 All labelled uses of triclopyr were found to expose adult and larval bees to 

                                                           
75 Id. at 48 
76 Id. at Table 9-4. 
77 Id. at 45-46. 
78 Nancy Ostiguy et al., Honey Bee Exposure to Pesticides: A Four-Year Nationwide Study, Insects 10, 

no. 1 (January 2019), https://doi.org/10.3390/insects10010013. 
79 Cheryl Russell and Cheryl B. Schultz, Effects of Grass-Specific Herbicides on Butterflies: An 

Experimental Investigation to Advance Conservation Efforts, J. of Insect Conservation 14, no. 1 (Feb. 1, 

2010) at 57–58, https://doi.org/10.1007/s10841-009-9224-3. 
80 Cheryl B. Schultz et al., Non-Target Effects of Grass-Specific Herbicides Differ among Species, 

Chemicals and Host Plants in Euphydryas Butterflies, J. of Insect Conservation 20, no. 5 (Oct. 2016) at 5, 

https://doi.org/10.1007/s10841-016-9920-8. 
81 John D. Stark, Xue Dong Chen, and Catherine S. Johnson, Effects of Herbicides on Behr’s Metalmark 

Butterfly, a Surrogate Species for the Endangered Butterfly, Lange’s Metalmark, Envt. Pollution 

(Barking, Essex: 1987) 164 (May 2012) at 26, https://doi.org/10.1016/j.envpol.2012.01.011. 
82 Russell and Schultz, Effects of Grass-Specific Herbicides on Butterflies at 60–61. 
83 EPA, Triclopyr (Acid, Choline salt, TEA salt, BEE): Draft Ecological Risk Assessment for Registration 

Review (Sept. 30, 2029) at 6, https://www.regulations.gov/document?D=EPA-HQ-OPP-2014-0576-0026. 

84 Id. at 8. 



levels estimated to reduce survival and larval emergence.85 Harm to bee larva was estimated 

more than 1000 feet from the application site.86 Terrestrial plants were also estimated to be 

exposed to levels of triclopyr that were known to cause harm more than 1000 feet away from the 

site of application, even for ground applications.87 

Triclopyr butoxyethyl ester (BEE) is classified as “highly toxic” to aquatic organisms. 

Range, pastureland and meadow uses of BEE can expose fish and aquatic invertebrates to levels 

of the pesticide known to cause acute harm.88 The EPA has found that triclopyr poses a risk to a 

federally listed amphibian, the California Red-legged frog, making a Likely to Adversely Affect 

determination for the species.89 
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