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Wildlife and farmed animals are both suffering on a massive scale, and in many cases the culprit is the same: toxic 
agricultural pesticide use. When most people grab a burger, the last thing they’re thinking about is pesticides. But 
meat production is a driving force behind the use of massive amounts of deadly pesticides in agriculture. In 2018, the 
most recent year with full data available, an estimated 235,976,274 — nearly 1/4 billion — pounds of herbicides and 
insecticides were applied in the US just to the corn and soybeans grown for farmed animal feed.

The growth and expansion of factory farming is not only perpetuating enormous cruelty and suffering for the billions of 
animals farmed annually, but also pushing wild animals and plants to the brink by destroying their native habitat and 
then drenching what is left in massive quantities of toxic pesticides. Yes, that’s right, meat production is a major driver of 
pesticide use.

An enormous portion of our agricultural lands, roughly one-third1, are used for mass-producing corn and soy, the vast 
majority of which is not for human consumption. Globally, roughly 672 – 77%3 of soy produced is used as feed for 
livestock4, and 36 - 45% of the corn produced in the US is used as feed.5

Not only are our existing agricultural lands heavily used to produce just these two crops, but worse, wildlands are 
continuing to be converted to cropland in order to grow more.

From 2018-2019 alone an estimated 2.6 million acres of grasslands in the US were plowed up and converted to row 
crop agriculture, with 70% of this conversion occurring for just three crops: corn (25%), soy (22%) and wheat (21%).6  
For soy in particular, the “conversion of important grasslands and conservation lands to soybean production is one of the 
biggest issues” 7 facing high conservation value native vegetation in the US. 

The massive scale of soy or corn cropping systems leads to loss of biodiversity and threatens thousands of endangered 
and threatened species. Foxes and bats, migratory birds, bumblebees, and prairie butterflies, are all imperiled by 
grassland conversion and industrial agriculture.

High levels of meat consumption are driving the decline in wild animal populations via the ever-increasing intensification 
of monoculture feed crop cultivation to feed the farmed animals raised in the factory farming systems that produce the 
majority of meat consumed in the US today.

This is best evidenced by the hundreds of millions of pounds of hazardous chemicals applied to corn and soy crops as 
pesticides in the US. These toxic chemicals are impeding the ability of insects, birds, fish, and other taxa to survive and 
thrive as well as destroying the diversity of native plants on which they rely for shelter and food.

Even further, use of pesticides on corn and soy has steadily greatly increased alongside the growth of factory farmed 
animal production in the US as the industries are completely intertwined and dependent on one another.

To protect wildlife, biodiversity, and native ecosystems, we must reevaluate our consumption of animal products and 
choose a more sustainable future that emphasizes the production and consumption of diverse, mostly whole and plant-
based foods. 

And we must hold the large corporations that are perpetuating these harms — those producing feed crops, meat and 
dairy, and the pesticide agents — accountable.

Through reducing the role of meat and dairy in our diets we can curb the growth of factory farming and reduce our 
collective and individual pesticide footprint.

Introduction
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The expansion of factory farming in the US to produce meat and dairy on an industrial scale has correlated with 
increasing production of corn and soybeans in large, industrial monocultures to provide high-calorie feed ingredients  
for the billions of farmed animals being raised for food.

Monoculture row crop production not only destroys native biodiversity by shifting ecosystems to a single dominant crop, 
but further threatens wild plants and animals via the heavy usage of herbicides and insecticides in attempt to prevent 
weeds and insects from impeding maximum crop yields.

In 2018, the most recent year with full data available, an estimated 235,976,274 — nearly ¼ billion — pounds of 
herbicides and insecticides were applied in the US just to the corn and soybeans grown for farmed animal feed  
(see Appendices A and B for full methodologies and calculations). 

These are not crops grown primarily to feed people, but part of an inefficient system that misdirects significant calories and 
the resources consumed to create them to farmed animals.

In the factory farming model, corn and soybeans have become the predominant ingredient in farmed animal diets. The 
high-energy diets forced upon modern farmed animals prop up a system that treats sentient animals as mere commodities, 
fattening them as quickly as possible while crowding them into barren buildings, barns, or lots and demanding the 
animals conform to the system rather than the other way around.

It is a system that prioritizes maximization of profits at the expense of animal welfare, public health, and the planet.

The production of corn and soybeans globally account for roughly 49% of all sales of highly hazardous pesticides. 8 These 
chemicals are manufactured and sold by just a handful multinational corporations, many of which are headquartered in 
countries that have banned their use due to concerns for the environment and human health.

The global pesticide market is controlled by the EU—primarily France and Germany—China, and the US, which together 
account for 83% of pesticide sales as of 2018.9 North America is the third largest revenue-generating market for 
agrochemicals 10, and in the US sales of herbicides and seed treatments have increased year after year since 2012, and 
continued growth is projected through 2024.11

Outside of the US, developing and emerging countries are the primary buyers of these chemicals, and the companies 
“take advantage of the weakness of regulations in those countries to continue selling their products” despite consequences 
for local populations and the environment.12

Use of pesticides often results in reduction of non-target, beneficial insects, and “changes in biodiversity and the natural 
biological balance. It is estimated that less than 0.1% of applied pesticide reaches the targeted pests directly.”13 A review 
of nearly 400 studies showed that pesticides harmed beneficial, soil-dwelling invertebrates, including earthworms, ants, 
beetles, and ground-nesting bees, in 71% of cases reviewed.14

Pesticide use also causes surface and groundwater contamination, affecting the human populations dependent on these 
water sources as well as toxicity to farmers and farmworkers.15 Research by the US Geological Survey testing water 
samples from 72 sites across the country found that 88% of the roughly 1,000 samples taken had five or more pesticides 
present, with at least one sample positive for 60 different pesticides.16

These pesticides are taking a toll on our environment and biodiversity. Endangered species like the highly imperiled 
whooping crane, monarch butterflies, all species of salmon, the rusty-patched bumble bee, the San Joaquin kit fox, 
and the northern long-eared bat, as examples, all face significant threats from industrial agricultural operations and the 
chemicals applied. 

This report highlights a shortlist of just six individual chemicals and one class of chemicals that are commonly used on 
corn and soybeans in the US and have increased in use over recent years. With projections showing a likely continued 

Executive Summary
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increase in the production and consumption of meat and dairy in the US if nothing changes, it can be assumed that  
these pesticide use levels will also continue to increase alongside demand for industrially-produced feed, unless  
something changes. 

The symbiotic relationship between pesticide use on corn and soy and the factory farm industry is decimating our health, 
causing suffering for farmed animals, and threatening thousands if not millions of wild species.

The chemicals highlighted in this report are:

• Glyphosate: In 2018, a total of 171.5 million pounds of glyphosate were applied to corn and soy in the US, 
roughly 100 million pounds of which are attributable to farmed animal feed production.17 Glyphosate is likely to 
harm, injure or kill 93% of the plants and animals protected under the Endangered Species Act18 and adversely 
modifies critical habitat for 759 endangered species.19 More than 13,000 lawsuits have been filed in the US 
alleging that the pesticide causes non-Hodgkin’s lymphoma20 and The World Health Organization’s International 
Agency for Research on Cancer has said that glyphosate is “probably carcinogenic to humans.”21

• Atrazine: In 2018, 60.8 million pounds22 of atrazine, a potent endocrine disruptor, was used on corn and 
soybeans in the US, representing a 17% increase from 2012 levels. Approximately 25 million pounds of atrazine 
used was attributable to farmed animal feed.23 Despite its popularity in the US, atrazine has been banned in 35 
countries24 including a ban in the EU due to persistent groundwater contamination.25 Atrazine is regularly detected 
in streams in the US26 and research demonstrates its ability to alter reproductive health in amphibians.27 Atrazine 
use is likely to harm over 1,000 protected species — 56% of all endangered plants and animals in the US — 
including the highly endangered whooping crane, the San Joaquin kit fox, and the California red-legged frog.28

• Paraquat: In 2018, 4.2 million pounds of paraquat were applied to corn and soybeans in the US29, roughly 2.9 
million pounds of which are attributable to farmed animal feed production.30 Paraquat was banned in the European 
Union in 200731 and as of 2020 is banned in 53 total countries, including recent bans in China, Cambodia, Laos 
and Vietnam.32 Paraquat is one of “the most embryotoxic contaminants for bird eggs” and negative impacts to eggs 
or nestlings from approved application rates have been reported in Japanese quail, mallards, bobwhite quail, and 
ring-necked pheasant.33 Paraquat’s efficacy as a poison has contributed to numerous accidental and intentional 
human poisoning incidents.34

• Dicamba: In 2018, 17 million pounds of dicamba were used on corn and soybeans in the US, a 1200% increase 
from 2012 levels. Just over 11 million pounds of this use attributable to farmed animal feed production.35 Data 
indicates that since 2018 use of dicamba has continued to increase due to approvals for dicamba-tolerant 
genetically engineered soybeans in the US in 2016. Approval for dicamba-tolerant corn on the horizon as well.36 
Many species are imperiled by dicamba. Monarch butterflies, especially, are under threat as their migration 
seasons often correlate with times when dicamba is particularly likely to be sprayed.37  Researchers at the National 
Institutes of Health recently found that use of dicamba by workers to be linked to increased risk of developing 
numerous cancers, including liver and intrahepatic bile duct cancers, acute and chronic lymphocytic leukemia, and 
mantle cell lymphoma.38

• 2,4-D: In 2018, 14.6 million pounds of 2,4-D was applied to corn and soybeans in the US, a 45% increase from 
levels used in 2012. Nearly 9 million pounds of which is attributable to farmed animal feed production.39 2,4-D 
has been shown to harm beneficial insects and arthropods that are important for healthy ecosystems, including 
ladybugs40 and earthworms.41 In humans, studies suggest that 2,4-D is a potential endocrine disruptor and may 
interfere with thyroid hormones. 2,4-D has also been linked to immune and neurological system problems, including 
Parkinson’s disease.42

• Neonicotinoids (“Neonics”): At least 2.6 million pounds of just three neonics are used on corn and soy in the 
US each year, approximately 1.5 million pounds of which were used for the purpose of farmed animal feed 
production. These three commonly used chemicals - Clothianidin, Thiamethoxam, Imidacloprid - were recently 
determined by the US Environmental Protection Agency (EPA) to be likely to harm all of the US’s 38 protected 
amphibian species and three-fourths of all endangered plants and animals.43 Neonics pose particular risks to bees, 
birds, butterflies, and bats. A single corn kernel treated with any of the commonly used neonicotinoids can kill a 
songbird, and 1/10 of a treated corn kernel is enough to reduce reproduction in a songbird.44
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• Bifenthrin: In 2018, more than 700,000 pounds of bifenthrin was used on corn and soybeans in the US, a 130% 
increase from 2012 levels.45 Approximately 370,000 pounds of this usage was attributable to farmed animal 
feed production.46 A neurotoxin, bifenthrin is toxic to bees and highly toxic to aquatic species. In zebra fish, 
exposure of embryos to bifenthrin accelerated the hatching process and caused morphological impairments.47 
Female honeybees exposed to bifenthrin produced fewer eggs and the next generation had observable 
developmental impairments, including higher egg weight, lower success rate of egg development, and delayed 
hatch time.48

Further, the insecticide chlorpyrifos offers a prime example of the challenges advocates and communities face in the fight 
to end the use of toxic chemicals in our food system. It took over two decades of advocacy, led by farmworkers who for 
decades had experienced some of the worst impacts of chlorpyrifos firsthand, to get this one dangerous pesticide banned 
from food uses in the US. Exposure to chlorpyrifos results in neurological effects, autoimmune disorders, and persistent 
developmental disorders. Exposure during pregnancy results in impaired mental development of the child.49 Its use was 
estimated to jeopardize 1,399 plants and animals on the endangered species list.50

With such overwhelming evidence of harms from chlorpyrifos and the other chemicals outlined in this report, their 
continued use in US agriculture is unacceptable. It must not take several decades of advocacy and lawsuits for the US 
government to take action against these chemicals.

Government agencies and programs should instead support a shift to a more humane and sustainable food system 
that prioritizes the production of crops for human consumption and farming practices that foster rather than deplete 
biodiversity. This requires a reconceptualization of how we produce and consume protein.

Our appetite and demand for animal proteins is fueling the further expansion of factory farming systems that are propped 
up by millions of pounds of herbicides and insecticides. This model is not only causing the suffering of billions of cows, 
pigs, turkeys, and chickens, but countless wild species exposed to these toxic chemicals.

By significantly reducing the amount of meat and dairy we produce and ensuring that the farmed animals that remain in 
production systems are living in higher welfare conditions we can create a more planet- and animal-friendly food system.

Each year, an estimated 10 billion farmed animals in the US endure the pain, stress, and appalling suffering experienced in 
factory farms in order to outpace the projected growth in demand for cheap meat. This model of animal protein production 
is driving the destructive production and trade of massive quantities of feed crops — primarily corn and soy — associated 
with habitat loss for wild animals, declining biodiversity, water pollution, pesticide pollution, soil degradation, and 
greenhouse gas emissions.

Farmed animals suffer in the factory farming model in a number of ways: painful mutilations (such as tail docking, teeth 
clipping, and beak trimming), overcrowding, weaning from their mothers at too young an age, poor air quality, cage 
confinement, rough handling, and long-distance transport. It is a life characterized by stress, boredom, injuries, physical 
ailment, hunger, and social deprivation. Genetic selection adds another layer of cruelty, forcing animals to grow fast, have 
large litters, lay high numbers of eggs, or produce maximum volumes of milk, causing emotional distress and physical harm.

The massive quantities of high-energy feed inputs are further compounding this distress as they contribute to unnatural 
animal growth rates and are far from the diverse, foraging diets the animals would naturally eat, leading to digestive 
problems and other health issues.

What’s more, they are also taking an enormous toll on the planet.

Looking solely to maximize animal weight and production volume at the lowest cost, the industry formulates feeds that 
are high in ingredients derived from corn and soy. To meet demand, row-crop agribusiness has intensified its reliance on 
industrial-scale monocultures and, in so doing, expanded its use of pesticides that threaten vulnerable species, ecosystems, 
and people.

Factory Farming, High-Energy Feed and Animal Suffering
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More than 70 billion land animals — primarily chickens, pigs, cows, turkeys, and ducks — are raised for food in 
factory farms around the world today, approximately 10 billion of which are raised annually in the US alone.51 These 
intensively farmed animals, who are kept in extreme confinement facilities, are fed high-energy diets of corn, soy, and 
pharmaceuticals to maximize weight gain. Factory farmed animal feed is not only inhumane for the animals, contributing 
to unnatural growth rates that strain their joints, hearts, and bones, but it relies on a complex global web of large 
agribusinesses producing and transporting billions of pounds of corn and soy all over the world, all just to churn out meat 
as quickly as possible.

Globally, industrial monoculture corn and soy plantations have taken over entire landscapes, propped up by the massive 
demand for feed for factory farmed animals. But these intensive grain and oilseed production facilities would not exist 
without the billions of pounds of hazardous chemical pesticides that are applied each year to their seeds and cropland.

Herbicides such as paraquat, glyphosate, and atrazine, and insecticides such as chlorpyrifos and bifenthrin are being 
manufactured by companies in the EU, China, and the US and sprayed in massive quantities throughout the US, Latin 
America, and Asia on these two crops.

As a result, the global pesticide market continues to grow in tandem with the industrial factory farming industry, despite 
the known consequences to human health and wildlife from their use.

  

Highly Hazardous Pesticides are Propping up Factory Farming

Tofu (2.6%)
Soy Milk (2.1%)
Other e.g. tempeh (2.2%)

Oil (13.2%)

Poultry (37%)

Pig (20.2%)

Aquaculture (5.6%)

Soybeans processed
to cake for feed

Other animals (4.9%)
Dairy (1.4%)
Beef (0.5%)
Pets (0.5%)
Soybean fed directly
to livestock (7%)
Biodiesel (2.8%)
Lubricants (0.3%)
Other (0.7%)

Industry
3.8%

Global Soy
Production

Animal feed
77%

Direct human food
19.2%

Shown is the allocation of global soy production to its end use by weight. This is based on data from 2017-2019

The World’s Soy: is it used for Food, Fuel, or Animal Feed?

Data source: Food Climate Resource Network (FCRN), University of Oxford; and USDA PSD Database.
OurWorldinData.org - Research and data to make progress against the worlds largest problems. Licensed under CC-BY by the author Hannah Ritchie
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The global pesticide market was valued at $65.3 and $68.6 billion in 2018 and 2019, respectively, and estimated 
to grow to $87.5 billion by 2024.52 Roughly 55% of the 4.5 million tons of pesticides applied globally each year are 
applied in agriculture53 — a significant amount of which are used to grow soy and corn for use by factory farms.

North America is the third largest revenue-generating market for agrochemicals, led by the US. 54

In the US, sales of herbicides and seed treatments have increased year over year since 2012, and continued growth is 
projected through 2024.55

Hazardous Pesticides are Big Business
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North American Volumes of Synthetic Pesticides, by Type, Through 2024
(Kilotons)

Table 98

Type 2018 2019 2024 CAGR %
2019 - 2024

Herbicides

Insecticides

Fungicides

Others

Totals

Source: BCC Research
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The global pesticide market is controlled by the EU—primarily France and Germany—China, and the US, which together 
account for 83% of pesticide sales as of 2018.56 The largest companies by pesticide sales are:

More than 1/3 of the pesticides sold by the top 5 companies—Syngenta, Bayer, BASF, Corteva, and FMC — were 
substances that are classified as “highly hazardous” to human health, wildlife, or ecosystems.57 Just four chemicals — 
glyphosate, atrazine, paraquat, and thiamethoxam — account for the largest portion of these sales, all of which are used 
heavily in US corn and soy production and several of which have been increasing in recent years. In fact, corn and soy 
alone use 49% of the highly hazardous pesticide sales, globally.58

Outside of the US, developing and emerging countries are the primary markets for these chemicals, and the companies 
“take advantage of the weakness of regulations in those countries to continue selling their products” regardless 
consequences for local populations and the environment.59 This is often also despite that many of these pesticides are 
banned in the countries in which many of the top agribusiness companies are headquartered.60 

However, due to the pesticide industry’s strong influence over pesticide regulators and policymakers in the US, the EPA 
allows the use of 85 pesticides that have been banned or are being phased out in the EU, China or Brazil.61 In 2016, 
the US used 322 million pounds of pesticides that are banned in the EU, accounting for more than one-quarter of all 
agricultural pesticide use in the US. US applicators also used 40 million pounds of pesticides that are banned or being 
phased out in China and 26 million pounds of pesticides that are banned or being phased out in Brazil.

Use of pesticides often results in reduction of non-target, beneficial insects, and “changes in biodiversity and the natural 
biological balance. It is estimated that less than 0.1% of applied pesticide reaches the targeted pests directly.”62 Pesticide 
use also causes surface and groundwater contamination, affecting the human populations dependent on these water 
sources as well as toxicity to farmers and farmworkers.63 “Continual use of pesticides reduces the general biodiversity 
of the soil, whereas a reduction in the use of pesticides results in increased soil quality, fertility and water retention 
capacity.”64 A review of nearly 400 studies showed that pesticides harmed beneficial, soil-dwelling invertebrates, 
including earthworms, ants, beetles, and ground-nesting bees, in 71% of cases reviewed.65

Global Pesticides Sales by Company
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There is no taxa that is spared from the effects of pesticide use. ”Around 5 million to 10 million non-target species in the 
environment are affected by toxic effects from the repetitive use of pesticides.”66 Birds are especially hard hit. “The U.S. Fish and 
Wildlife Service estimates that approximately 72 million birds are killed every year due to the use of pesticides in the U.S.” 67

The expected growth and expansion of factory farming worldwide will only exacerbate the problem by demanding more 
pesticide-intensive feed crop production that further threatens wild animals and humans, particularly children, farmworkers  
and their families.

These harms should not be tolerated. By exposing the impacts of agrochemicals in global soy and corn production for animal 
feed, World Animal Protection and Center for Biological Diversity aim to highlight the unsustainability of the factory farming 
model due to its reliance on resource-intensive and polluting chemical inputs.

Global Volumes of Synthetic Insecticides, by Type, Through 2024
(Kilotons)

Table 50

Type 2018 2019 2024 CAGR %
2019 - 2024

Organophosphates

Pyrethroids

Neonicotinoids

Methyl carbamate

Others

Totals

Source: BCC Research
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Global Market for Synthetic Insecticides, by Type, Through 2024
($ Millions)

Table 51

Type 2018 2019 2024 CAGR %
2019 - 2024

Organophosphates
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Methyl carbamate 
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Totals

Source: BCC Research
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In 2018, the most recent year with full data available, an estimated 235,976,274 pounds of herbicides and insecticides 
were applied to corn and soybeans grown for farmed animal feed in the US (see Appendices A and B for full 
methodologies and calculations).

This is directly linked to reliance by the factory farming industry on enormous volumes of corn and soy feed inputs for high-
energy, high-growth diet formulations instead of the animals natural growth and diets. The expansion of factory farming in 
the US has not only increased use of corn and soy due to the larger number of animals being raised, but also because the 
industry has actively shifted farmed animal diets to consist almost exclusively of corn, soybeans, and their byproducts.

Between 1984 – 2016, while production of corn and soybeans doubled, production of other traditional animal feed 
inputs including sorghum, barley, wheat, oats, and alfalfa simultaneously decreased.68 This illustrates a clear and 
intentional shift in farmed animal diets toward greater proportions and overall predominance of corn and soy.

Roughly 50% of highly hazardous pesticide use, globally, is on corn and soy alone. 69 This report explores six individual 
chemicals and one class of chemicals (neonicotinoids) that are used heavily in US corn and soy production, focusing on 
their connections to factory farmed animal feed production and their known impacts to human health, wildlife, and the 
environment. This analysis is not comprehensive. There are dozens of pesticides that can be used on corn and soy, but 
these seven examples provide a valuable snapshot of the types of pesticides used, and a sampling of their effects. 

Factory Farming and our Pesticide Footprint 
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Estimated 2016 US Total Diet Composition for all Species Estimated 2016 US Total Diet Composition for All Species

Source: Decision Innovation Solutions (2017). 2016 U.S. Animal Food Consumption Report.  
Prepared for Institute for Feed Education and Research, December 2017.
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Endangered species like the highly imperiled whooping crane, monarch butterflies, all species of salmon, the  
rusty-patched bumble bee, the San Joaquin kit fox, and the northern long-eared bat all face significant threats from 
industrial agricultural operations. 

Our country’s appetite for meat and dairy is driving this toxic burden and perpetuating the imperilment of thousands of 
species. And it’s only projected to get worse.

In the past fifteen years, use of pesticides on corn and soy has increased 5% and 7% each year, respectively. This increase 
has significant implication for future years given how much pesticide is already used on just corn and soy and how much 
meat production in the US is expected to grow as well. Further, the industry continues to claim without proof that newer 
chemicals are better and safer, and will replace older, more harmful compounds, yet we continue to see increases in both 
old and new agricultural chemicals. Some newer chemicals, such as dicamba, may actually be more harmful as well.

Over this same period, meat (beef, pork, and chicken) production increased approximately 2% each year, 2005-2020, 
with continued increases projected through 2023, especially for chicken production.
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Meat production in the US is expected to continue to increase. Thus, we can expect to see use of these hazardous 
chemicals increase correspondingly as well. To prevent this increase in our chemical footprint and harms to thousands of 
already imperiled species we necessarily must reduce the amount of meat and dairy we are producing and consuming.

As we work toward a more humane and sustainable food system, increasing consumption of plant-based foods and 
stopping the growth of factory farming systems will help to reduce the industry’s reliance on hazardous chemicals, helping 
to protect people, animals, and the planet.

Glyphosate

In 2018, a total of 171.5 million pounds of glyphosate were applied to corn and soy in the US, roughly 100,856,205 
pounds of which are attributable to farmed animal feed production.70 

Overall, roughly 0.879 pounds of glyphosate were applied per acre of corn harvested, and 1.122 pounds per acre of  
soy harvested. 71,72 

Glyphosate is one of the most widely used herbicides worldwide, primarily on corn, soybeans, hay, and pastures, all of 
which relate directly to the feeding of livestock.73 While use in corn and soy in the US has decreased slightly in recent 
years — due to a shift to other, more toxic chemical cocktails following the emergence of glyphosate-resistant super 
weeds that can withstand what used to be a normally deadly dose of the chemical — glyphosate remains one of the most 
used pesticides on the two crops in terms of pounds applied each year. This is tied to the deregulation and marketing of 
genetically-engineered “RoundUp Ready” corn and soy, genetically designed to withstand applications of the chemical 
that would otherwise be fatal.

Globally, the market for glyphosate is projected to grow significantly, and reach a value of $9.9 billion by 202274 
and $13.3 billion by 2027.75 This is perhaps unsurprising as the global demand for meat and other animal products is 
expected to continue to increase.76

Glyphosate has a half-life of 47 days, meaning that the residues degrade by half roughly every 47 days or 1.5 months, 
allowing it to persist in the environment for months after it is applied.77 

Billion pounds 
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Monarch butterfly78

The monarch butterfly is one of the most recognizable butterflies in North America.79 
Their orange wings are laced with black lines that are bordered with white dots.80 
The wingspan of the adult butterfly can reach nearly five inches and their epic 
migrations fuel our imaginations. 

Monarch butterflies are now heading towards extinction, and largely as a result of 
glyphosate use. Because glyphosate is used in such massive quantifies throughout 
the US, it has killed many of the plants monarchs need to survive. In particular, 
glyphosate is a potent killer of milkweed, the sole host plant for monarch caterpillars.

In the winter of 2020-2021, only 1,914 monarchs were recorded overwintering 
on the California coast — the lowest number ever recorded, down from 30,000 the year before and 1.2 million just two 
decades ago. During that season, there were more Starbucks’ in California than monarch butterflies. This years’ returns 
are already better, indicating that all the emergency efforts of planting milkweed are helping. But the population is still 
perilously close to collapse.81 

Similarly, the eastern population of monarch butterflies, who every year embark on an epic 3,000- mile migration from 
Canada and the northern United States to overwinter in the central mountains of Mexico, declined by 80% over the 
last two decades.82 The US Fish and Wildlife Service estimates there to be an 80% chance the eastern population will 
collapse within 50 years.83

Hine’s emerald dragonfly84

The Hine’s Emerald Dragonfly is recognizable for their vibrant emerald-green eyes 
and metallic green body.85 They depend on stream and wetland environments, 
requiring good water quality for growth and development86, and are significantly 
threatened by glyphosate and other pesticide uses that can kill them outright 
or destroy their habitat. Found, primarily in the Great Lakes region and into the 
Midwest, the Hine’s Emerald is on the brink of extinction today.87

Black-footed ferret88

Black-footed ferrets are North America’s only native ferret species.89 They are 
slender, with wiry fur, black feet, a black coloring around their eyes, and a 
black-tipped tail.90 They are very playful. During play, they arch their backs and 
hop backward with their mouths wide open, a display affectionately known as 
the “ferret dance.”91 They are very vocal, using a variety of calls and sounds to 
communicate.92 Once thought extinct, conservation and repopulation initiatives 
have increased their numbers, but they remain critically endangered; the EPA has 
found that they are harmed by glyphosate and other pesticides.

Case Study 1: Species Imperiled by the 100 million pounds of glyphosate    
               propping up factory farming
Our appetite for meat has contributed to high volumes of glyphosate applied to fields of corn and soybeans 
raised for animal feed in the US to keep the factory farming model in place. Glyphosate use is increasing threats 
to already threatened and engangered species, such as those outlined below.

World Animal Protection & Center for Biological Diversity 
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Utah prairie dog93

Prairie dogs live only in North America.94 In the squirrel family, the Utah prairie 
dog is recognized for their dark eyebrow-like markings above their eyes and 
white-tipped tail. Their diet consists primarily of flowers, seeds, grasses, leaves, 
and insects.95 Prairie dogs are among the most social of animals, living together in 
large groups called colonies or towns and make their homes in intricate networks of 
burrows. Lookouts take turns in a constant watch for predators, issuing sharp barks 
to warn the colony of danger.96 Utah prairie dog’s are a keystone species, meaning 
a species on which many others in the ecosystem depend such that, if removed, the 
ecosystem would be drastically altered.97

Ozark hellbender98

Although the name sounds scary, the Ozark hellbender is a shy amphibian who 
poses no harms to people.99 They are aquatic salamanders with flattened bodies 
that can reach lengths of nearly two feet. They can live up to 30 years. Hellbenders 
have very specific habitat requirements, making them extremely vulnerable to 
disturbances and changes in water quality.100 Glyphosate is known to reduce 
biodiversity in aquatic communities and has been shown to have significant 
negative impacts on amphibians. 

Applications of glyphosate have also been shown to reduce species abundance in aquatic communities, reducing 
overall biodiversity by 22%, with negative effects most pronounced for amphibian reproduction.101 According to a 
2020 biological evaluation of glyphosate prepared by the EPA, the pesticide is likely to harm, injure or kill 93% of the 
plants and animals protected under the Endangered Species Act, or 1,676 species.102 Additionally, EPA also found that 
glyphosate adversely modifies critical habitat for 759 endangered species.103

Beyond harm to wildlife, the most commonly recognized negative impacts of glyphosate use relate to the effect of 
exposure on human health. More than 13,000 lawsuits have been filed in the US alleging that the pesticide causes non-
Hodgkin’s lymphoma.104 The World Health Organization’s International Agency for Research on Cancer has said that 
glyphosate is “probably carcinogenic to humans.”105 Scientific studies show a strong correlation between glyphosate 
and serious health hazards including disruption of the hormonal system and beneficial gut bacteria, damage to DNA, 
developmental and reproductive toxicity, birth defects, other cancers, and neurotoxicity.106

“Glyphosate is likely to harm, injure or kill 93% of the plants and  
animals protected under the Endangered Species Act.”

Atrazine

In 2018, 60.8 million pounds107 of atrazine, a potent endocrine disruptor, were used on corn and soybeans in the US, 
representing a 17% increase from 2012 levels. Of this, approximately 24,819,444 pounds were used for the purpose 
of producing feed for farmed animals.108

Overall, atrazine was applied at a rate of 0.738 pounds per acre of corn harvested109 and 0.0057 pounds per acre of 
soy harvested.110,111
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Atrazine is one of the most widely used, and toxic, agricultural pesticides in the US — primarily used on corn, sorghum, 
and sugarcane. The vast majority applied in the US, some 87%, is applied solely to corn and an estimated 60-70% of all 
corn is treated with atrazine.112

Even as one of the most widely used pesticides, use in the US increased 17% in just six years from 2012 to 2018. 113 
While data beyond 2018 is limited, available data shows that use of atrazine on soy increased drastically from 2018 
to 2020, more than doubling from 490,000 pounds to over 1 million pounds in just two years. 114 This is likely a result of 
glyphosate-tolerant superweed proliferation.

The global atrazine market is expected to grow by 6% from 2019 to 2024 and to reach a value of $2.58 billion, with 
much of the growth projected for the Asia-Pacific region. Farmers in China and India, especially, are increasingly focusing 
on cultivating grains, including for animal feed, on a commercial scale.115

Despite its popularity in the US and the Asian-Pacific region, atrazine has been banned in 35 countries.116 It was banned 
in the EU due to persistent groundwater contamination.117 It is relatively mobile, regularly entering water bodies via runoff 
and rainfall, and has been detected in rain or air in Europe and the US more than any other currently used pesticide.118 
According to United States Geological Survey (USGS) assessments, atrazine has been detected in streams at levels of 
200 micrograms per Liter (μg/L) and repeatedly detected at above 100 μg/L. 119 In waters adjacent to treated fields 
atrazine was found in concentration as high as 1000 μg/L.120

Case Study 2: Species imperiled by the 25 million pounds of atrazine  
               propping up factory farming
Our appetite for meat is fueling growth in the use of atrazine on corn and soybeans in the US to keep the 
factory farming model in place, escalating threats to already threatened and endangered species. The below 
species are just a small set of the many endangered species who the EPA has identified as likely harmed by 
atrazine, a known endocrine disrupter with high toxicity.

Northern long-eared bat121

As the name suggests, the northern long-eared bat is known for their characteristic 
long ears even compared to other bats.122 Their body length is just over 3 inches, 
with a wingspan of less 10 inches. They hibernate in caves during the winter, and 
in the summer roost underneath the bark of trees.123 Their lifespan is estimated to be 
18 years, though a disease known as “White-nose Syndrome” is a major cause of 
their population decline.124 Agricultural applications of atrazine and other chemicals 
is unnecessarily compounding threats to this species.

“To prevent this increase in our chemical footprint and harms to  
thousands of already imperiled species we necessarily must reduce  
the amount of meat and dairy we are producing and consuming.”

World Animal Protection & Center for Biological Diversity 
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San Joaquin kit fox125

Despite their oversized ears, the San Joaquin kit fox is the smallest member of the 
dog family in North America.126 The average adult male stands 12 inches high at 
the shoulder and weighs about 5 pounds.127 Their large ears help them dissipate 
body heat in their hot, dry environment, as well as target tiny noises in the night 
when they hunt for prey.128 They were once widely distributed throughout grassland 
of the San Joaquin Valley, but agricultural and other human development has led 
to substantial losses in habitat and range.129 They are significantly threatened by 
pesticides in intensive agriculture, which can bioaccumulate in the kit foxes when 
they eat contaminated prey.130

Columbia Basin pygmy rabbit131

Pygmy rabbits are typically found in areas that include tall, dense sagebrush, which 
they rely on for food and shelter.132 They are the smallest members of the family that 
includes rabbits and hares, with adults averaging about 10 inches in length and 
weighing less than a pound.133 Large-scale loss and fragmentation of their native 
habitats to cropland is a leading cause of their population declines.134,135

Photo Credit: R. Dixon and H. Ulmschneider 

Streaked horned lark136

The streaked horned lark is endemic to the Pacific Northwest region. Horned larks 
are small, ground-dwelling birds roughly only 6-8 inches in length. Their yellow 
coloration distinguishes them from similar subspecies.137 They are found in wide 
open spaces with no trees and few shrubs, preferring to build their ground nests 
in dense grassy areas and prairies, or even sandy beaches along rivers. The most 
significant threat is conversion of their range to agriculture and industry. 138

Whooping crane139

The whooping crane is an iconic bird of North America, hence their Latin name 
being Grus americana. They are the tallest bird in North America, with snowy white 
plumage, red coloring on their heads, and black wing tips. They can be as tall as 
5 feet with wingspans longer than 7 feet.140 They get their name from their loud, 
rattling calls.141 They migrate more than 2,400 miles a year from breeding areas in 
northern Canada to the southeastern US.142 Their wetland habitats are vulnerable to 
agricultural contamination of waterways from atrazine and other chemicals.

World Animal Protection & Center for Biological Diversity 
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California tiger salamander143

With their wide mouths lined in yellow, California tiger salamanders always 
look like they’re smiling.144 The yellow “grin” matches the bright yellow spotting 
along their bodies that stand out against the black background of the rest of their 
bodies. They thrive in specific habitats like grasslands and oak woodlands, that are 
imperiled by agricultural expansion and pollution. They primarily live underground 
using burrows created by other animals.145

Oregon spotted frog146

The Oregon spotted frog has disappeared from over 90% of their former range. 
147 They are named for the black spots covering their head, back, sides, and 
legs, which become larger and darker as they age.148 The red coloration of their 
abdomen also increases with age, as well as distinguishing them from other native 
frogs. 149 They range from California into British Columbia, Canada, and were the 
first species every to be emergency-listed as endangered in Canada.150 Atrazine is 
a potent endocrine disrupter frequently found contaminating aquatic environments, 
posing significant threat to the spotted frog and other amphibians. 151

Valley elderberry longhorn beetle152

Listed as threatened, the valley elderberry longhorn beetle is “likely to become 
endangered in the foreseeable future.”153 They have long antennae more than  
2/3 of their body length, which is typically just 0.5 -1 inches long.154 Males have 
vibrant red-orange wing covers with four elongated black spots. They are reliant on 
their host plants – elderberry – for their entire lifecycle. Agricultural expansion  
and pollution that threatens native elderberry vegetation puts these important 
pollinators at risk.

There is substantial evidence that aquatic species are negatively affected by atrazine at levels at or below those detected 
in waters near to application sites.

Dramatic changes in sexual differentiation of amphibians have been reported from atrazine exposure at concentrations as 
low as 0.1 μg/L (0.0001 mg/L), while consistent effects have been observed on growth, morphology, and functionality 
of both fish and amphibians at concentrations of 500 μg/L (0.5 mg/L) or lower.155 Reproductive effects in birds have 
been reported for atrazine concentrations of 75 mg per kilogram in the diet, including reduced egg viability, reduced 
male weight gain, and decreased hatchling weight.156
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Studies have shown potential risk concern to amphibians due to atrazine exposure when used in accordance with 
the label and atrazine is considered to have medium-high risk for altering development and growth for amphibians at 
concentrations that have been detected in surface waters.157 Further, “in addition to its high use, ubiquitous contamination 
in aquatic environments, persistence, and mobility, atrazine is a concern because it is a potent endocrine disrupter in 
wildlife.”158

There is also evidence that atrazine disrupts the function of aquatic plants, such as reducing the production of chlorophyl 
in freshwater algae by 50% at concentrations of just 4.5 μg/L, a concentration 20 times lower than that routinely detected 
in US waters. 159 Negative impacts to aquatic plants, such as algae, can have cascading effects on ecosystems such as 
marshes, ponds, lakes, and streams, impacting the aquatic species that rely on these plants for food and habitat.160

A 2020 assessment by the EPA found that atrazine use is likely to harm over 1,000 protected species — 56% of all 
endangered plants and animals in the US — including the highly endangered whooping crane, the San Joaquin kit fox, 
and the California red-legged frog (see breakout box).161 

Atrazine is a potent endocrine disruptor and is linked to a variety of human health issues, including different types of 
cancer, Parkinson’s disease, and harm to the reproductive system.162 After just six hours of exposure an increase in cell 
death and DNA damage were observed.163 The same level of damage from exposure to Gamma radiation would 
take a full 15 minutes.164 Atrazine also alters the levels of dopamine and norepinephrine in the brain and decreases 
the electrical activity of certain cells in the cerebellum (the region of the brain that controls motor function).165 As an 
endocrine disruptor it can interfere with the balance of hormones in the body, significantly impacting overall physiology 
and development.166

Dicamba

In 2018, 17 million pounds of dicamba were used on corn and soybeans in the US, a 1200% increase from 2012 levels; 
just over 11 million pounds of this use attributable to farmed animal feed production. 167

Overall, dicamba was applied at a rate of 0.04 pounds per acre of corn harvested168 and 0.16 pounds per acre of soy 
harvested. 169,170

Dicamba is primarily used on corn and soy, as well as rye, asparagus, barley, oats, sugarcane, and wheat.171 Use of 
dicamba in corn and soy has skyrocketed since 2012 from 1.3 million pounds applied across both crop types that 
year to 17 million pounds in 2018.172 This increase is largely the result of the increase in weeds resistant to glyphosate, 
the chemical of choice for intensive corn and soy for years prior.173 Data indicates that since 2018 use of dicamba 
has continued to increase due to approvals in 2016 of dicamba-tolerant genetically engineered soybeans in the US; 
these numbers are likely to further increase approval for dicamba-tolerant corn on the horizon as well.174 As part of the 
approval process, the company that created dicamba-tolerant soy, Monsanto, estimated that dicamba use would increase 
to over 20 million pounds per year on soy alone by the time of full market penetration.175

The global market for dicamba is expected to reach $626.5 million by 2027, led primarily by expected growth in use in 
China, the US, Japan, and Canada.176 Major companies manufacturing dicamba include Nufarm, BASF, DuPont, UPL, 
and Syngenta. 177

Dicamba is highly volatile, “increasing the potential for damage to non-target organisms due to spray drift” and 
negatively affecting plant and arthropod communities in field edges, semi-natural habitats, and other areas.178 Application 
levels substantially lower than suggested application rates resulted in observable declines in plant cover at the farm edge, 
as well as declines in three herbivorous insect species that rely on the vegetation.179 This has implications for biodiversity 
within and adjacent to agroecosystems, as declines in plant life due to drift of dicamba and similar pesticides destroys 
critical food sources, habitat, and protection for many species. Dicamba levels that are too low to kill terrestrial plant life 
can still negatively impact wild communities as exposed plants “may produce fewer floral resources and be less frequently 
visited by pollinators,” thus disturbing plant and beneficial insect communities.180
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Many species are imperiled by dicamba. Monarch butterflies, especially, are under threat from increased dicamba use 
and drift, as their migration seasons can unfortunately correlate with times when dicamba is particularly likely to be 
sprayed on dicamba-tolerant soy crops. Off-target movement of dicamba has the potential to degrade monarch habitat 
on a massive scale, destroying what little plant diversity currently exists in the margins between monoculture grain and 
soy fields.181  These pockets of biodiversity are essential for sustaining animal populations that rely on the plants for nectar, 
pollen, and food. Reduction in flowering plants along monarch migration routes could impair adult butterflies’ ability to 
make the migration, survive the winter, and breed.182  

“Off - target movement of dicamba has the potential to degrade  
monarch habitats on a massive scale.”

Researchers at the National Institutes of Health recently found uses of dicamba by workers to be linked to an increased risk of 
developing numerous cancers, including liver and intrahepatic bile duct cancers, acute and chronic lymphocytic leukemia, and 
mantle cell lymphoma.183 An earlier study by the National Cancer Institute found that exposure to dicamba doubled a farmer’s 
or farmworker’s risk of contracting non-Hodgkin’s lymphoma as long as two decades after exposure.184

2,4-D

In 2018, 14.6 million pounds of 2,4-D were applied to corn and soybeans in the US, a 45% increase from levels used 
in 2012, nearly 9 of those million pounds are attributable to farmed animal feed production.185  

Overall, roughly 0.07 pounds were applied per acre of corn harvested186 and 0.1 pounds per acre of soy  
harvested.187,188

2,4-D is one of the top five most used herbicides in the US overall189, with the bulk of use applied to pastureland, wheat, 
corn, and soy.190 Famous for being one of the ingredients in Agent Orange — a chemical cocktail used as a defoliant 
by the US military during the Vietnam war — from 2012 to 2018 there was a massive 45% increase in use of 2,4-D on 
corn and soy, jumping from 10 million pounds to 14.6 million pounds applied per year.191 Since then, the government’s 
approval of genetically modified herbicide-tolerant soy and corn is expected to triple the amount of 2,4-D applied to 
these crops by 2020, with use on corn potentially increasing 30-fold from 2010 levels192, though data sources utilized for 
this report only provide application levels through 2018 at this time.

Leading market players include Dow AgroSciences, Bayer AG, Syngenta, and FMC. 193

2,4-D is an herbicide — its mode of action targets plants considered pests — but studies have shown it can significantly 
impact beneficial insects from approved applications. Studies on lady beetles (AKA ladybugs) show that exposure to  
2,4-D caused shorter larval development, reduced survival rates up to 80%, and decreased male populations when 
applied at commercial rates.194 Field-relevant concentrations caused observable reductions in fitness of earthworms195, 
which are vital to healthy, productive soils. Exposure to 2,4-D at concentrations far below recommended use rates 
resulted in 100% mortality for a species of beneficial termite, leading researchers to conclude that beneficial insects may 
experience high mortality “if they are sprayed upon or come into contact with plant materials that have been freshly 
sprayed” with the recommended concentrations.196

Further, a number of studies have shown that organisms can bioaccumulate — concentrate increasing levels inside their 
bodies — 2,4-D in a very short period of time. Aquatic species, in particular, can bioaccumulate lethal concentrations 
in the case of direct agricultural applications.197 2,4-D is very mobile in aquatic systems and contamination can disrupt 
aquatic predator-prey interactions.198 A recent study documented that 2,4-D is the major frequently detected herbicide in 
surface waters in Massachusetts.199 In the 1980s, applications of 2,4-D in Greece resulted in lower survival of tortoises 
compared to areas not impacted by the chemical, and tortoise populations in sprayed areas declined to near zero in just 
four years.200
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In humans, studies suggest 2,4-D is a potential endocrine disruptor and may interfere with thyroid hormones. It has also 
been linked to immune and neurological system problems, including Parkinson’s disease.201 In 2015, the International 
Agency for Research on Cancer declared 2,4-D a possible human carcinogen based on evidence that it damages human 
cells and a number of studies in which it caused cancers in laboratory animals.202

Paraquat 

In 2018, 4.2 million pounds of paraquat were applied to corn and soybeans in the US203, roughly 2.9 million pounds 
of which is attributable to farmed animal feed production.204

Overall, paraquat was applied at a rate of 0.009 pounds per acre of corn harvested205 and 0.04 pounds per acre of 
soy harvested in 2018.206,207

Paraquat is widely used in many parts of the world, despite the fact that it is exceedingly toxic to humans.208 Its use is 
increasing in the US for corn and soy. In 2012, 1.2 million pounds of paraquat were applied to corn and soy in the US 
compared to 4.2 million pounds in 2018, a 250% increase.209 Leading global manufacturers of paraquat are Titan AG 
and Syngenta. 210 It was banned in the European Union in 2007211 and as of 2020 is banned in 53 total countries, 
including recent bans in China, Cambodia, Laos, and Vietnam.212

Paraquat can negatively impact insects, birds, and fish. Deer mice living near farms that applied paraquat had residues of 
the chemical in their tissues and signs of liver damage.213 Paraquat is one of “the most embryotoxic contaminants for bird 
eggs” and negative impacts to eggs or nestlings from approved application rates have been reported in Japanese quail, 
mallards, bobwhite quail, and ring-necked pheasant.214 Paraquat caused 23% mortality  
for mallard eggs at just half of the field-level application rate.215 There is also general agreement on the embryotoxic 
effects of paraquat on amphibians216, and evidence that sub-lethal concentrations can lead to reduced reproductive 
success in fish.217 

Paraquat is classified as highly hazardous for human health by Lancet Planet Health.218 The EU banned the chemical 
because even when workers wear personal protective equipment their safety cannot be guaranteed. Chronic exposure 
can adversely impact the respiratory system, including by reducing lung function, and workers exposed over a long 
period were found to be at increased risk for Parkinson’s disease. In epidemiological studies, paraquat has been 
associated with increased incidence of leukemia, lymphoma, skin cancer, and brain cancer.219 Paraquat was associated 
with long-term respiratory defects among fruit growers in South Africa.220 It is listed as a potential endocrine disruptor, 
meaning it is likely to block the effects of hormones in the body, adversely impacting developmental and reproductive 
health.221

In 2021, a class action lawsuit was filed against Syngenta, a major manufacturer of paraquat, alleging that exposure to 
the chemical led to them developing Parkinson’s disease.222

Paraquat’s efficacy as a poison has contributed to numerous accidental and intentional poisoning incidents.223

The significant health concerns from paraquat have led medical experts to call for a global ban or significant restrictions 
on its availability and use. In the US, paraquat caused the majority of all herbicide-related deaths from 1998-2001.224

Neonicotinoids - Clothianidin/Thiamethoxam/Imidacloprid

Neonicotinoids are the most popular class of insecticides in the world. Despite abundant data showing that they play an 
outsized role in driving pollinator declines, they are still used widely in sensitive habitats. Neonicotinoids are sprayed, 
injected, and used as seed coatings. One of their main uses in the US is as a prophylactic seed coating, meaning these 
ultra-toxic insecticides are used to make every part of a plant deadly toxic to insects like bees, just in case of a bug 

Insecticides



problem. Due to a widely exploited loophole known as the treated article exemption, the total quantity of neonicotinoids 
used for seed coatings remains unknown. However, neonicotinoid treated seeds are believed to be used on hundreds of 
millions of acres in the US, including on nearly all non-organic corn and the majority of soy.  Thus, comprehensive data 
providing precise application rates for neonicotinoid insecticides are not readily available, particularly data providing 
volumes of use as seed coatings for corn and soybean seeds, the predominant use of neonicotinoids in the US. However, 
with these seeds used on such vast acreage, the effects to wildlife are extreme.

There are several neonicotinoid insecticides used in US agriculture, the top three being clothianidin, thiamethoxam and 
imidacloprid. For the purposes of this report and due to limited data, these three compounds are combined and used as a 
proxy for neonics generally.

Based on available data, at least 2.6 million pounds of just these three neonics are used on corn and soy in the US 
each year, roughly 1,480,781.25 pounds of which were attributable to farmed animal feed (see Appendix B for 
calculation methodology).

Case Study 3: Species Imperiled by the 1.5 million pounds of neonics propping   
      up factory farming
Neonics pose significant risks to thousands of already threatened or endangered species, particularly already 
imperiled pollinators such as birds, bees, bats, and butterflies. The following are just a few examples of 
species that the EPA found to be at risk from use of neonics.

Ozark big-eared bat225

The Ozark big-eared bat is found only in a small number of caves in the southern 
central US. Also known as the lump-nosed bat, they have two distinctive facial 
glands on either side of their face resembling mittens in addition to the more notable 
over-sized ears.226 They feed on moths and other insects along forest edges, which 
are imperiled by systemic use of neonics.

New Mexico meadow jumping mouse227

The New Mexico meadow jumping mouse is endemic to the southwestern US.  
They rely on dry soils for nesting but mostly use dense, vegetative stream sides for 
their habitat. They are notable for their elongated feet and extremely long, bi-
colored tails. They hibernate during winters, and during the growing season are 
active among the grasses and forbs to eat the seeds that make up their main source 
of food.228 They consume a wide variety of grass seeds, in addition to flowers and 
some small fruits.

22 Collateral Damage ReportWorld Animal Protection & Center for Biological Diversity 
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Whooping crane229

The Whooping Crane is an iconic bird of North America, hence their Latin name 
being Grus americana. They are the tallest bird in North America, with snowy white 
plumage, red coloring on their heads, and black wing tips. They can be as tall as 
5 feet with wingspans longer than 7 feet.230 They get their name from their loud, 
rattling calls.231 They migrate more than 2,400 miles a year from breeding areas in 
northern Canada to the southeastern US.232 Their wetland habitats are vulnerable to 
agricultural contamination of waterways from neonics and other chemicals, such as 
atrazine noted earlier in this report. It is common practice to apply several pesticides 
to the same crops or cropland, compounding the threats to vulnerable species from 
intensive animal feed production.

Red-cockaded woodpecker233

Sometimes called the “Yankee Doodle Bird,” the Red-cockaded woodpecker gets 
their name from the small red streak on each side of the male bird’s head. They 
make their homes in mature, open pine forests in trees averaging 60 – 100 years 
old, and are the only species of woodpecker who exclusively makes their homes 
in pine trees. They have complex social systems, living in groups with a mated 
pair, their current year’s offspring, and helpers that are usually adult offspring from 
previous seasons. They are not far-ranging birds and if suitable habitat is not close 
by the newest generation of birds is unlikely to succeed.234

Rusty patched bumble bee235

Rusty-patched bumble bee are so named for the rusty reddish patch centrally 
located on their backs. They once occupied grasslands and prairies throughout 
the upper Midwest and northeastern US, but most of this native habitat has been 
degraded or fragmented due to agricultural conversion and urbanization. Their 
range once included 28 states and 2 Canadian provinces, but since 2000 they 
have been reported only in 13 states and 1 province, and their populations have 
precipitously declined. Use of pesticides, and neonicotinoids specifically, and loss  
of floral resources due to intensive monocultures are recognized as significant 
causes of their declines.236 They absorb neonicotinoids directly through their 
exoskeleton as well as through contaminated nectar and pollen. As ground-nesting 
bees, rusty-patched bumble bees are particularly susceptible to pesticides like 
neonicotinoids that are highly persistent in the soil. 237

Poweshiek skipperling238

The Poweshiek skipperling is a small orange and brown butterfly native to several 
states in the Midwest. Once abundant in tallgrass prairies, they have a faced a 
population collapse in the last two decades.239 They are important pollinators and 
“a valuable indicator of prairie ecosystem health.”240 They are unable to survive 
outside of tallgrass prairie as the caterpillars eat only grasses and adults feed on 
the nectar of yellow flowers.241 Neonicotinoids are recognized as significant factor 
in their decline. 

World Animal Protection & Center for Biological Diversity 
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California tiger salamander242

With their wide mouths lined in yellow, California tiger salamanders always 
look like they’re smiling.243 The yellow “grin” matches the bright yellow spotting 
along their bodies that stand out against the black background of the rest of their 
bodies. They thrive in specific habitats like grasslands and oak woodlands, that are 
imperiled by agricultural expansion and pollution. They primarily live underground 
using burrows created by other animals.244 As with whooping cranes, these 
salamanders serve as an example of how species may be vulnerable to multiple 
pesticides commonly sprayed on the same lands to prop up intensive animal  
feed production.

Chiricahua leopard frog245

When a Chiricahua leopard frog wants attention, they snore. Or rather, their 
distinctive call sounds like snoring. Once found in more than 400 sites in the 
Southwestern US, they are now found at fewer than 80, declining more than any 
other leopard frog in Arizona.246 The EPA found that all endangered amphibian 
species, including the Chiricahua leopard frog, are imperiled by neonics.

Unarmored threespine stickleback247

Only two inches long as adults, the Unarmored threespine stickleback are 
nevertheless fierce defenders of their nets, dashing forward with mouth agape and 
“hackles” raised.248 A freshwater fish, they inhabit streams and rivers, preferably 
shaded by dense and abundant vegetation.249

Neonics are highly water soluble, systemic, persistent, and broadly toxic to a wide range of terrestrial and aquatic 
invertebrates.250 Despite their increasing use in the US, “neonic seed treatments are, for the most part, untracked and 
ignored.” 251

A recent assessment by the EPA found that these three insecticides likely harm all of the US’s 38 protected amphibian 
species and three-fourths of all other endangered plants and animals.252 Overall:

• 1,445 different endangered plants and animals — nearly 80% of all endangered species —are likely to be 
adversely affected by imidacloprid.253

• 1,396 different endangered plants and animals — 77% of all endangered species —are likely to be adversely 
affected by thiamethoxam. 254

• 1,225 different endangered plants and animals — about 67% of all endangered species —are likely to be 
adversely affected by clothianidin. 255
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Neonics pose significant risks to bees and birds. One study showed that exposure of bumble bees to imidacloprid at rates 
as low as 1 μg/L reduced brood production by one-third.256 The vast majority of native bees in the US are solitary and 
ground-nesting, which has serious implications for their level of exposure to neonicotinoids.257 Neonics are long-lasting 
and may contaminate soils in and around fields for years after application. Farmland in the US has seen a 121-fold 
increase in the overall environmental load of chemicals toxic to bees, “largely because of neonicotinoid treated corn and 
soybean seeds.”258 Twenty-four percent of native bees in Colorado were found to have detectable levels of clothianidin in 
their tissues, with an average concentration of 50 nanograms/gram (ng/g).259

Beyond bees, populations of common farmland butterflies have declined in conjunction with increasing neonic usage 
in California.260 In field studies, clothianidin reduced the survival and biomass of earthworms by 32% and 39%, 
respectively.261 Neonics have been documented via field studies to reduce populations of beetles, who often serve a 
beneficial role in soil ecosystems.262

Neonics have been linked to declines in bird populations through effects on food chains with reviews documenting a loss 
of bird populations of 30% in North America — 75% losses for grassland bird species, specifically — with neonics noted 
as a contributing factor.263

There is also mounting evidence that neonics are harmful to bats. For example, researchers demonstrated that chronic 
exposure to imidacloprid may significantly impair the spatial memory and flight patterns of Formosan bats.264

Plants can take up neonics via their roots and transfer the chemical to insects living on the plants, and higher mortality 
has been demonstrated for ladybeetles and butterfly larva raised on infected plants compared to uninfected plants.265,266 
Small and medium sized birds are all also risk via consuming contaminated insects, identified as a potential acute risk for 
all crop exposure scenarios.267

When used as a seed treatment, in particular, neonics harm seed-eating birds. A single corn kernel treated with any of the 
commonly used neonicotinoids can kill a songbird, and 1/10 of a treated corn kernel is enough to reduce reproduction 
in a songbird.268 A scan of 71 fields sown with treated seeds found a high percentage, 35%, of seeds were uncovered by 
soil and present at the surface and thus available to non-target birds.269

Neonic contamination of water in the US has been well documented, with water quality monitoring surveys finding 
clothianidin in 24% of sampled streams across the country270 and 85% of wetlands in Nebraska.271

Neonics are largely banned in the EU due to their environmental effects but the EPA has resisted taking meaningful action 
to restrict their use in the US.

Bifenthrin

In 2018, more than 700,000 pounds of bifenthrin was used on corn and soybeans in the US, a 130% increase from 
2012 levels.272 Approximately 370,000 pounds of this usage was attributable to farmed animal feed. 273

The greatest use of bifenthrin, globally, is on corn, and the Asia-Pacific region is the fastest-growing bifenthrin market due 
to increasing demand from emerging economies such as India and China. 274 

Use of bifenthrin in corn and soy in the US has more than doubled in the past several years from 300,000 pounds to just 
over 700,00 pounds applied in 2012 compared to 2018, with the bulk of the increase occurring in corn.275

Bifenthrin is a pyrethroid. It is a neurotoxin that affects the peripheral and central nervous system of insects.276 “Bifenthrin 
affects the electrical impulses generated by the nerves, which overstimulates the nerve cells, resulting in tremors and 
eventually paralysis. The chemical is absorbed by the skin. It is quickly broken down and excreted.”277  It is moderately 
toxic for various birds and toxic to honeybees and highly toxic to aquatic organisms such as crustaceans and fish.278
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Bifenthrin can be harmful at low levels as it can last a long time in the environment and may bioaccumulate in fish, posing 
risks to animals that rely on fish in their diet.279 Sublethal concentrations of bifenthrin caused observable behavioral effects 
in fish species, particularly hyperactivity.280 In zebra fish, exposure of embryos to bifenthrin accelerated the hatching 
process and caused morphological impairments. 281

Female honeybees exposed to bifenthrin produced fewer eggs and the next generation had observable developmental 
impairments including higher egg weight, lower success rate of egg development, and delayed hatch time. 282

Chlorpyrifos

It took over two decades of advocacy, led by farmworkers who for decades had experienced some 
of the worst impacts of chlorpyrifos firsthand, to get this one dangerous pesticide banned from food 
uses in the United States. Community groups teamed up with Earthjustice in 2007 to petition the EPA to 
ban agricultural uses of chlorpyrifos because it was harming the developing brains of children, causing 
serious cognitive problems. The EPA ignored the petition, but in 2015, after a lawsuit leading to and a 
judge calling the EPA out on their “egregious delay,” it finally proposed to ban chlorpyrifos on food. But 
in 2017 the Trump administration reversed that proposal, and the groups went back to court in 2018. 

The groups won again in 2019, with the court ordering the EPA to make a decision. Trump’s EPA then 
declined to ban chlorpyrifos, despite the mountains of evidence that it must. The groups then went back 
to court, and won again in April of 2021. The court ordered the EPA to determine that chlorpyrifos was 
safe or ban it, noting that “the EPA’s egregious delay exposed a generation of American children to 
unsafe levels of chlorpyrifos.” Finally, just before its court imposed deadline, the EPA issued a narrowly 
crafted ban on all food uses of this terrible chemical on August 18, 2021, although it still may be used 
in plant nurseries, on tree farms and golf courses, on fenceposts, and other non-food uses.

Chlorpyrifos is a broad-spectrum chlorinated organophosphate insecticide, it was introduced by Dow 
Chemical in 1965. It kills insects by attacking their nervous system. According to the EPA, it is one of the 
most widely used organophosphate insecticides.283

Use of chlorpyrifos on corn and soy in the US decreased slightly in the past decade, from roughly 2.6 
million pounds applied in 2012 to 1.6 million pounds in 2018, leading up to the recent ban.284 This is 
primarily due to decreasing use in soy, as applications to corn doubled in that same time period.285

Chlorpyrifos is considered very highly toxic to freshwater and marine organisms286, and even a minimal 
concentration of chlorpyrifos can accumulate in the tissues of several aquatic organisms.287

Chlorpyrifos is moderate to highly toxic to birds and also affects other animals, including honeybees 
and wildlife. It should not be used where bees are collecting nectar or pollen and should not be used 
for grazing. It has been observed that regular and continuous exposure to chlorpyrifos leads to its 
accumulation in animals, reaching toxic levels after some time.288 Its half-life in the environment is 60-
120 days, but could be as long as one year depending on factors such as climate and soil type.289

Chlorpyrifos is moderately toxic to humans with exposure resulting in neurological effects, autoimmune 
disorders, and persistent developmental disorders. Exposure during pregnancy results in impaired 
mental development of the child.290 
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For governments and intergovernmental organizations:

Short term:

• Stop funding promotion campaigns for meat and dairy.

• End bailouts for meat and dairy and prioritize plant-based agriculture in emergency funding allocations and 
surplus pricing.

• Require companies and financial institutions to measure and disclose biodiversity risks and impacts in the 
meat and dairy supply chain.

• Include food and agriculture in emissions-reductions targets and climate action plans.

Medium term:

• Adopt sustainable dietary guidelines that encourage diets higher in plant-based foods and lower in animal-
based foods.

• Reduce meat and dairy and increase plant-based options in procurement policies and government-supported 
nutrition programs.

• Create food policy councils to support dialogue across governmental departments – including agriculture, 
environment, climate, forests, and health and nutrition – and with community stakeholders to ensure policies 
and regulations are aligned with reducing or eliminating chemical pest management practices, promoting 
and increasing access to plant-based foods, and protecting biodiversity.

Long term:

• Redirect industry subsidies and financial incentives towards diversified cropping systems that reduce or 
eliminate chemical pest management practices as well as towards increasing production and consumption  
of plant-based foods.

• Incentivize and support farmers to transition from animal-based to plant-based production systems.

• Increase funding and technical support for farmers’ markets, community gardens, urban agriculture, and 
chemical-free and less intensive production and market opportunities to increase access to fresh produce.

For businesses and institutions:

Short term:

• Support a protein transition in line with global average reduction in animal protein production and 
consumption of 50% by 2040.

• Publicly document progress towards these targets annually.

• Prioritize and promote plant-based options on menus and in advertising.

Recommendations
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Medium term:

• Meet the FARMS Responsible Minimum Standards’ animal welfare requirements for production and 
procurement as a minimum, including phasing out the use of high productivity breeds and shifting to more 
appropriate diets to reduce reliance on commodity animal feeds.

• Increase the proportion of plant-based protein options to support an average global reduction in animal 
protein production and consumption by 50% by 2040, and publicly document progress.

• Shift procurement policies to reduce meat and dairy and increase plant-based options.

• Include food and agriculture in emissions-reductions targets and reporting.

Long term:

• Develop an overarching animal welfare policy informed by the Five Domains model that leads to a good life 
for farmed animals.

• Purchase from regional food hubs and adjust menus to support seasonal, regional, and bumper crop 
purchasing.

• Commit to shifting to circular agricultural systems, with a phase out of commodity crop animal feed.

• Adopt initiatives to achieve zero food waste to ease pressure on the food supply chain and track and publicly 
report progress.

For individuals:

Short term:

• Learn tips and tools to begin reducing the amount of meat and dairy in your diet at meatinghalfway.org.

• Share plant-based meals and information (such as this report) with friends and family.

Medium term:

• Tell the grocery chains you shop at to increase the availability and promotion of plant-based protein options 
on their shelves.

• Tell restaurant chains and cafeterias where you dine to increase the availability of plant-based protein options 
on their menus.

Long term:

• Commit to cutting the amount of meat and dairy in your diet by at least 50% and replacing these animal 
proteins with plant-based and other alternatives.

• Urge your elected officials to support policies that advance sustainable agricultural practices, set climate 
targets for food and agriculture, end subsidies for factory-farmed meat and dairy, and encourage higher 
consumption of plant-based foods and lower consumption of animal-based foods in dietary guidelines.

meatinghalfway.org

http://meatinghalfway.org
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Protecting biodiversity and wild animal habitats requires reimagining how we are producing and consuming protein, 
including by ending the factory farming of animals for meat and dairy.

In the factory farming model, corn and soybeans have become the predominant ingredient in farmed animal diets. The 
high-energy diets forced upon modern farmed animals prop up a system that treats sentient animals as mere commodities, 
fattening them as quickly as possible while crowding them into barren barns or lots and demanding the animals conform 
to the system.

Factory farming’s reliance on intensive monoculture row crop production not only destroys native biodiversity by shifting 
ecosystems to a single dominant crop, but further threatens wild plants and animals via the heavy usage of herbicides and 
insecticides in attempt to prevent weeds and insects from impeding maximum crop yields.

In 2018, an estimated 235,976,274, nearly ¼ billion, pounds of herbicides and insecticides were applied in the US 
just to the corn and soybeans grown for farmed animal feed.

These pesticides are taking a toll on our environment and biodiversity. Endangered species like the highly imperiled 
whooping crane, monarch butterflies, all species of salmon, the rusty-patched bumble bee, the San Joaquin kit fox, 
and the northern long-eared bat, as examples, all face significant threats from industrial agricultural operations and the 
chemicals applied.

In order to conserve biodiversity and better protect vulnerable species and their habitats we must reduce the production 
and consumption of animal protein and shift to a food system that prioritizes diverse plant foods. 

Eating more plant-based diets can reduce the burden on our planet and the animals with which we share it.  

Conclusion

Learn more at https://reports.worldanimalprotection.org/US/Pesticides#1.

https://reports.worldanimalprotection.org/US/Pesticides#1
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Appendix A:  
Total herbicides and insecticides applied and top 10 applied to corn and soy in the US, 2018291

Corn: 
 • 231,917,910 pounds of herbicide, including:

o Glyphosate, glyphosate dimethylammonium, glyphosate isopropylamine Salt, glyphosate potassium 
salt: 71,918,850 pounds

o Atrazine: 60,375,932 pounds

o Acetochlor: 41,861,035 pounds

o S-metalochlor, metalochlor: 32,484,776 pounds

o 2,4-D 2-ehe, 2,4-D dimethamine salt: 5,733,115 pounds

o Mesotrione: 4,511,534 pounds

o Dimethenamid-P: 3,683,105

o Dicamba: 3,163,580

o Paraquat: 693,417

o Glufosinate ammonium: 527,083

 • 2,254,140 pounds of insecticide, including:

o Chlorpyrifos: 672,895 pounds

o Propargite: 634,012 pounds

o Bifenthrin: 434,196 pounds

o Tefluthrin: 170,654 pounds

 • 234,172,050 pounds of herbicide and insecticide on US corn in 2018. 

 • With 36 – 45% of US corn produced for farmed animal feed, for an average of 40.5%, the volume of herbicides  
   and insecticides attributable to feed corn in the US is: 94,839,680 (not including neonicotinoids, see Appendix B).

Soy: 
 • 191,568,424 pounds of herbicide, including:

o Glyphosate, glyphosate ammonium salt, glyphosate dimethylammonium, glyphosate isopropylamine 
Salt, glyphosate potassium salt: 99,623,708 pounds

o Metalachlor, s-metalochlor: 25,281,913 pounds

o Dicamba, dicamba BAPMA salt, dicamba diglyceride salt, dicamba dimethylamine salt, dicamba 
isopropylamine salt, dicamba sodium salt: 13,380,062 pounds

o Glufosinate ammonium: 10,157,103 pounds

o 2,4-D, 2,4-D 2-ehe, 2,4-D Dimethamine salt, 2,4-D Isopropanolamine salt: 8,876,926 pounds

o Acetochlor: 5,491,226 pounds

o Metribuzin: 4,599,266 pounds

o Fomesafen sodium: 3,791,610 pounds

o Paraquat: 3,598,023 pounds

o Sulfentrazone: 3,475,209 pounds
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 • 2,397,982 pounds of insecticide, including:

o Chlorpyrifos: 904,449 pounds

o Acephate: 668,189 pounds

o Bifenthrin: 267,483 pounds

o Lambda-cyhalothrin: 156,119 pounds

 • 193,966,406 pounds of total herbicides and insecticides on soybeans in the US in 2018. With an estimated  
    67 – 77% of US soybeans produced for farmed animal feed for an average of 72%, the volume of insecticides   
    and herbicides attributable to feed soybeans comes to: 139,655,812 (not including neonicotinoids,  
    see Appendix B).

Total herbicides and insecticides used on corn and soybeans for farmed animal feed in the US, not including 
neonicotinoids: 234,495,492 pounds

Appendix B:  
Neonicotinoid estimates methodology and resources

According to the EPA, over 700,000 pounds of imidacloprid—a neonicotinoid—was used annually as a seed treatment in 
the US between 2005-2015.292 Similarly, according to EPA, between 2005-2014 an average of 1,400,000 pounds of 
clothianidin and 800,000 pounds of thiamethoxam were used annually as seed treatment for various crops.293 

Based on this, for the purposes of this report it was estimated that 700,000 pounds of imidacloprid, 1,400,000 pounds 
of clothianidin, and 800,000 pounds of thiamethoxam were used as seed treatment in the US in 2018, for a total of 
2,900,000 pounds combined.

Additionally, seed treatment use of neonics in the US is primarily on corn and soybeans; there is some additional 
use on cotton, potato, and wheat as well294, but “[c]orn and soybean seed treatments represent the largest uses of 
neonicotinoids, nationally.”295  A 2015 study compiling available data on neonic usage in the US indicates that corn 
and soy account for roughly 87.5% of total neonic seed treatments in US agriculture.296 A 2021 article estimates that 
nearly 100% of non-organic corn seed in the US is coated with one of either clothianidin or thiamethoxam, and that 
approximately 76% of US soybeans acres a replanted to insecticide and fungicide-coated seed.297

Using this figure, a fair estimate for 2018 use of neonic seed treatments just for corn and soy in the US was taken as 
2,900,000 x 0.875, or 2,537,500 pounds. This is likely a conservative estimate as data from USGS indicates total 
neonicotinoid use on corn and soy as seed treatment in 2014 was roughly 3.7 – 3.8 million pounds298, and there is no 
indication that use decreased in the following years.

Additionally, according to the EPA, approximately 5,000 pounds of clothianidin299, 50,000 pounds of imidacloprid300, 
and 40,000 pounds of thiamethoxam301 were sprayed on soybeans each year between 2013 and 2018, in addition 
to that used for seed treatments. Adding this estimate of 95,000 pounds of additional use on soybeans brings the 2018 
estimate for the two crops to 2,632,500 pounds.

For the purposes of this report, we are seeking the total use attributable to corn and soy grown and processed for farmed 
animal feed. Roughly 67 – 77% of US soybean crop and 36 – 45% of US corn crop is used for animal feed annually. 
As we were unable to access sufficient data demonstrating the proportion of neonicotinoids used on corn compared to 
soybeans and only have the combined usage estimate, we combined the above percentage ranges into a single average 
percentage of 56.25% of US corn and soybean crop attributable to farmed animal feed.

As such, of the estimated 2,632,500 pounds of neonics used on corn and soy in the US in 2018, 56.25% of that is 
assumed to be used on crops produced for animal feeds for the purposed of this report, coming to 1,480,781.25 pounds.



32World Animal Protection & Center for Biological Diversity Collateral Damage Report

1 https://www.bloomberg.com/graphics/2018-us-land-use/

2 Ceres (2018). Soybeans: An Investor Brief on Impacts that Drive Business Risks. June.  
 Available via: https://engagethechain.org/sites/default/files/commodity/Ceres_EngageTheChain_Soybeans.pdf.

3 H. Ritchie and M. Roser (2021). “Forests and Deforestation: Soy.” Web. Published online at ourworldindata.org.  
 Last accessed 08 September 2021. Available via: https://ourworldindata.org/soy.

4 Ceres (2018). Soybeans: An Investor Brief on Impacts that Drive Business Risks. June.  
 Available via: https://engagethechain.org/sites/default/files/commodity/Ceres_EngageTheChain_Soybeans.pdf.

5 Ceres (2017). Corn: An Investor Brief on Impacts that Drive Business Risks. Engage the Chain. March.  
 Available via: https://engagethechain.org/sites/default/files/commodity/Ceres_EngageTheChain_Corn.pdf; J. Foley (2013);  
 “It’s Time to Rethink America’s Corn System,” Scientific American (05 March, 2013), last accessed 18 October, 2021  
 via: https://www.scientificamerican.com/article/time-to-rethink-corn/. 

6 World Wildlife Fund. “2021 PlowPrint”, available via: https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/ 
 5yrd3g00ig_PlowprintReport_2021_Final_HiRes_b.pdf?_ga=2.251515526.1678746696.1632186347-   
 1501424060.1631746673. 

7 Ceres (2018). Soybeans: An Investor Brief on Impacts that Drive Business Risks. Engage the Chain. June.  
 Available via: https://engagethechain.org/sites/default/files/commodity/Ceres_EngageTheChain_Soybeans.pdf.

8 C. Dowler. (2020). Revealed: The pesticide giants making billions on toxic and bee-harming chemicals. Unearthed. Web.  
 Published 20 February 2020. Last accessed 21 July 2021 via: https://unearthed.greenpeace.org/2020/02/20/ 
 pesticides-croplife-hazardous-bayer-syngenta-health-bees/

9 Larissa Mies Bombardi (2021). Geography of Asymmetry: the vicious cycle of pesticides and colonialism in the commercial  
 relationship between Mercosur and the European Union. Commissioned by The Left group in the European Parliament,  
 accessed 21 July 2021 via: https://documentcloud.adobe.com/link/review?uri=urn%3Aaaid%3Ascds%3AUS%3A5587d57e-d34 
 a-4618-95a2-c291d30d47ab#pageNum=1.

10 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

11 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

12 C. Dowler. (2020). Revealed: The pesticide giants making billions on toxic and bee-harming chemicals. Unearthed. Web.  
 Published 20 February 2020. Last accessed 21 July 2021 via: https://unearthed.greenpeace.org/2020/02/20/ 
 pesticides-croplife-hazardous-bayer-syngenta-health-bees/

13 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC, p. 23.

14 T. Gunstone, T. Cornelisse, K. Klein, A. Dubey, and N. Donley (2021). Pesticides and Soil Invertebrates: A Hazard Assessment,   
 Front. Environ. Sci., 9 (May 4), available via: https://www.frontiersin.org/articles/10.3389/fenvs.2021.643847/full. 

15 A. Covert (2020). “New Study Identifies Pesticide Mixtures in U.S. Rivers and Streams,” USGS Press Release,  
 16 September, 2020,  
 available via: https://www.usgs.gov/center-news/new-study-identifies-pesticide-mixtures-us-rivers-and-streams?qt-news_ 
 science_products=1#qt-news_science_products; J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

16 S.A. Covert, M.E. Shoda, S.M. Stackpoole, and W.W. Stone (2020). “Pesticide mixtures show potential toxicity to aquatic life in   
 U.S. streams water years 2013-2017,” Science of the Total Environment, 745.

17 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/ 
 by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced going to animal feed in the US.

18 Center for Biological Diversity (2020). “EPA Finds Glyphosate Is Likely to Injure or Kill 93% of Endangered Specices,”  
 Press Release, November 25, 2020, available via: https://biologicaldiversity.org/w/news/press-releases/epa-finds-glyphosate- 
 likely-injure-or-kill-93-endangered-species-2020-11-25/email_view/

Endnotes

https://engagethechain.org/sites/default/files/commodity/Ceres_EngageTheChain_Corn.pdf
https://www.scientificamerican.com/article/time-to-rethink-corn/
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/5yrd3g00ig_PlowprintReport_2021_Final_HiRes_b.pdf?_ga=2.251515526.1678746696.1632186347-1501424060.1631746673
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/5yrd3g00ig_PlowprintReport_2021_Final_HiRes_b.pdf?_ga=2.251515526.1678746696.1632186347-1501424060.1631746673
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/5yrd3g00ig_PlowprintReport_2021_Final_HiRes_b.pdf?_ga=2.251515526.1678746696.1632186347-1501424060.1631746673
https://www.frontiersin.org/articles/10.3389/fenvs.2021.643847/full
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/


33World Animal Protection & Center for Biological Diversity Collateral Damage Report

19 Center for Biological Diversity (2020). “EPA Finds Glyphosate Is Likely to Injure or Kill 93% of Endangered Specices,”  
Press Release, November 25, 2020, available via: https://biologicaldiversity.org/w/news/press-releases/epa-finds-glyphosate-like-
ly-injure-or-kill-93-endangered-species-2020-11-25/email_view/

20 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

21 P. Prada. (2015). “Paraquat: A controversial chemical’s second act,” Reuters. Web, published 02 April 2015. Last accessed 26 July 
2021 via: https://www.reuters.com/article/brazil-pesticide-paraquat-idUSL2N0WY2V720150402.

22 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/
by-crop/.

23 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/
by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

24 J. Hoettinger (2020). “EPA takes steps to allow continued use of pesticides linked to cancer, brain development issues in children,” 
Midwest Center for Investigative Report (September 24), Web, last accessed 01 September, 2021.  
Available via: https://investigatemidwest.org/2020/09/24/epa-takes-steps-to-allow-continued-use-of-pesticides-linked-to-cancer-
brain-development-issues-in-children/. 

25 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

26 M. Ehrsam, S.A. Knutie, & J.R. Rohr (2016). The herbicide atrazine indusces hyperactivity and compromises tadpole detection of 
predator chemical cues, Environmental Toxicology and Chemistry, 35(9): pp. 2239-2244, available via: http://shell.cas.usf.edu/
rohrlab/data/Ehrsam%20et%20al%202016.pdf.

27 I.S. Canosa, G. Silveyra, L. Lopez Greco, & E. Rodriguez (2016). Effects of atrazine on growth and sex differentiation, in juveniles 
of the freshwater crayfish Cherax quadricarinatus, Ecotoxicology and Environmental Safety, 131. September: pp. 96-103.  
Available via: https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_
growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308 
ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish- 
Cherax-quadricarinatus.pdf. 

28 US EPA (2020). Draft National Level Listed Species Biological Evaluation for Atrazine. November.  
Available via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine.

29 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/
by-crop/.

30 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/
by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

31 P. Prada. (2015). “Paraquat: A controversial chemical’s second act,” Reuters. Web, published 02 April 2015. Last accessed 26 July 
2021 via: https://www.reuters.com/article/brazil-pesticide-paraquat-idUSL2N0WY2V720150402.

32 J. Board. (2019). “Thailand moves closer to ban on toxic farm chemicals as concerns about food safety and human health grow,” 
CNA. Web, published 09 October 2019. Last accessed 26 July 2021 via: https://www.channelnewsasia.com/news/asia/ 
thailand-paraquat-agriculture-chemicals-health-ban-11978840.

33 F. Sartori & E. Vidrio. (2018). Environmental fate and ecotoxicology of paraquat: a California perspective.  
Toxicological & Environmental Chemistry, 100(5-7): pp. 479-517, available via: https://www.tandfonline.com/doi/
abs/10.1080/02772248.2018.1460369?journalCode=gtec20. 

34 EPA (no date). “Paraquat Dichloride: One Sip Can Kill,” Web, last accessed 02 September 2021. Available via: https://www.
epa.gov/pesticide-worker-safety/paraquat-dichloride-one-sip-can-kill; T. Kanchan, S.M. Bakkannavar, and P.R. Acharya (2015). 
“Paraquat Poisoning: Analysis of an Uncommon Cause of Fatal Poisoning from Manipal, South India,” Toxicol. Int., 22(1) (Jan-Apr): 
pp. 30-34, available via: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4721173/. 

35 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/
by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

36 N. Donley (2018). A Menace to Monarchs: Drift-prone Dicamba Poses a Dangerous New Threat to Monarch Butterflies. Center for 
Biological Diversity (March), available via: https://www.biologicaldiversity.org/species/invertebrates/monarch_butterfly/pdfs/
Menace-to-Monarchs.pdf.

https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://investigatemidwest.org/2020/09/24/epa-takes-steps-to-allow-continued-use-of-pesticides-linked-to-cancer-brain-development-issues-in-children/
https://investigatemidwest.org/2020/09/24/epa-takes-steps-to-allow-continued-use-of-pesticides-linked-to-cancer-brain-development-issues-in-children/
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://www.tandfonline.com/doi/abs/10.1080/02772248.2018.1460369?journalCode=gtec20
https://www.tandfonline.com/doi/abs/10.1080/02772248.2018.1460369?journalCode=gtec20
https://www.epa.gov/pesticide-worker-safety/paraquat-dichloride-one-sip-can-kill
https://www.epa.gov/pesticide-worker-safety/paraquat-dichloride-one-sip-can-kill
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4721173/
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/


34World Animal Protection & Center for Biological Diversity Collateral Damage Report

37 N. Donley (2018). A Menace to Monarchs: Drift-prone Dicamba Poses a Dangerous New Threat to Monarch Butterflies. Center for 
Biological Diversity (March), available via: https://www.biologicaldiversity.org/species/invertebrates/monarch_butterfly/pdfs/
Menace-to-Monarchs.pdf.

38 Center for Biological Diversity (2020). “National Institutes of Health Study Links Dicamba, Increased Cancer Risks,” Press Release, 
published 04 May 2020. Last accessed 02 August 2021 via: https://biologicaldiversity.org/w/news/press-releases/national-insti-
tutes-health-study-links-dicamba-increased-cancer-risks-2020-05-04/; C.C. Lerro, J.N. Hofman, G. Andreotti, S. Koutros, C.G. Parks, 
A. Blair, P.S. Albert, J.H. Lubin, D.P. Sandler, & L.E. Beane Freeman (2020). Dicamba use and cancer incidence in the agricultural 
health study: an updated analysis, International Journal of Epidemiology: pp. 1326-1337. 

39 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/
by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

40 F. Islam, J. Wang, M.A. Farooq, M.S.S. Khan, L. Xu, J. Zhu, M. Zhao, S. Munos, Q.X. Li, and W. Zhou (2017). Potential impact of 
the herbicide 2,4-dischlorophenoxyacetic acid on human and ecosystems, Environment International.  
Available via: https://www.researchgate.net/profile/Faisal-Islam-2/publication/321574991_Potential_impact_of_the_her-
bicide_24-dichlorophenoxyacetic_acid_on_human_and_ecosystems/links/5a27939ea6fdcc8e866e7924/Potential-im-
pact-of-the-herbicide-2-4-dichlorophenoxyacetic-acid-on-human-and-ecosystems.pdf.

41 F. Islam, J. Wang, M.A. Farooq, M.S.S. Khan, L. Xu, J. Zhu, M. Zhao, S. Munos, Q.X. Li, and W. Zhou (2017). Potential impact of 
the herbicide 2,4-dischlorophenoxyacetic acid on human and ecosystems, Environment International.  
Available via: https://www.researchgate.net/profile/Faisal-Islam-2/publication/321574991_Potential_impact_of_the_her-
bicide_24-dichlorophenoxyacetic_acid_on_human_and_ecosystems/links/5a27939ea6fdcc8e866e7924/Potential-im-
pact-of-the-herbicide-2-4-dichlorophenoxyacetic-acid-on-human-and-ecosystems.pdf.

42  E. Grossman (2015). “5 Things to Know About 2,4-D, the ‘Possibly’ Cancer-Causing Herbicide,” Civil Eats. Web. Published 30 
June 2015. Last accessed 10 August 2021 via: https://civileats.com/2015/06/30/5-things-to-know-about-24-d-the-possibly-cancer-
causing-herbicide/.

43 EPA (2021). EPA Releases Draft Biological Evaluations of Three Neonicotinoids for Public Comment, Press Release,  
26 August, 2021, available via: https://www.epa.gov/pesticides/epa-releases-draft-biological-evaluations-three-neonicoti-
noids-public-comment. 

44 American Bird Conservancy (no date). “Neonics and Birds,” Web, last accessed 18 October, 2021  
via: https://abcbirds.org/neonics.

45 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/
by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

46 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/
by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

47 Y. Yang, N. Wu, and C. Wang (2018). Toxicity of the pyrethroid bifenthrin insecticide, Environmental Chemistry Letters, 16: pp. 
1377-1391. Available via: https://link.springer.com/content/pdf/10.1007/s10311-018-0765-0.pdf.

48 Y. Yang, N. Wu, and C. Wang (2018). Toxicity of the pyrethroid bifenthrin insecticide, Environmental Chemistry Letters, 16: pp. 
1377-1391. Available via: https://link.springer.com/content/pdf/10.1007/s10311-018-0765-0.pdf.

49 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

50 Center for Biological Diversity (2019). Document Shows Trump Administration Has Known Since 2017 That Chlorpyrifos  
Jeopardizes Existence of 1,399 Endangered Species. Press Release, 26 March, 2019, last accessed 19 October, 2021  
via: https://www.biologicaldiversity.org/news/press_releases/2019/chlorpyrifos-03-26-2019.php.

51 USDA (2020). Poultry Slaughter 2019 Summary (February). USDA National Agricultural Statistics Service, ISSN: 2159-7480, 
https://www.nass.usda.gov/Publications/Todays_Reports/reports/pslaan20.pdf; USDA (2020). Livestock Slaughter 2019  
Summary (April). USDA National Agricultural Statistics Service, ISSN: 0499-0544,  
https://downloads.usda.library.cornell.edu/usda-esmis/files/r207tp32d/34850245n/5712mr72x/lsan0420.pdf. 

52 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

53 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

54 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

https://biologicaldiversity.org/w/news/press-releases/national-institutes-health-study-links-dicamba-increased-cancer-risks-2020-05-04/
https://biologicaldiversity.org/w/news/press-releases/national-institutes-health-study-links-dicamba-increased-cancer-risks-2020-05-04/
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://www.epa.gov/pesticides/epa-releases-draft-biological-evaluations-three-neonicotinoids-public-comment
https://www.epa.gov/pesticides/epa-releases-draft-biological-evaluations-three-neonicotinoids-public-comment
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://www.nass.usda.gov/Publications/Todays_Reports/reports/pslaan20.pdf
https://downloads.usda.library.cornell.edu/usda-esmis/files/r207tp32d/34850245n/5712mr72x/lsan0420.pdf


35World Animal Protection & Center for Biological Diversity Collateral Damage Report

55 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

56 Larissa Mies Bombardi (2021). Geography of Asymmetry: the vicious cycle of pesticides and colonialism in the commercial relation-
ship between Mercosur and the European Union. Commissioned by The Left group in the European Parliament, accessed 21 July 
2021 via: https://documentcloud.adobe.com/link/review?uri=urn%3Aaaid%3Ascds%3AUS%3A5587d57e-d34a-4618-95a2
-c291d30d47ab#pageNum=1.

57 C. Dowler. (2020). Revealed: The pesticide giants making billions on toxic and bee-harming chemicals. Unearthed. Web. Published 
20 February 2020. Last accessed 21 July 2021 via: https://unearthed.greenpeace.org/2020/02/20/pesticides-croplife-hazard-
ous-bayer-syngenta-health-bees/

58 C. Dowler. (2020). Revealed: The pesticide giants making billions on toxic and bee-harming chemicals. Unearthed. Web. Published 
20 February 2020. Last accessed 21 July 2021 via: https://unearthed.greenpeace.org/2020/02/20/pesticides-croplife-hazard-
ous-bayer-syngenta-health-bees/

59 C. Dowler. (2020). Revealed: The pesticide giants making billions on toxic and bee-harming chemicals. Unearthed. Web. Published 
20 February 2020. Last accessed 21 July 2021 via: https://unearthed.greenpeace.org/2020/02/20/pesticides-croplife-hazard-
ous-bayer-syngenta-health-bees/

60 Larissa Mies Bombardi (2021). Geography of Asymmetry: the vicious cycle of pesticides and colonialism in the commercial  
relationship between Mercosur and the European Union. Commissioned by The Left group in the European Parliament, accessed 21 
July 2021 via: https://documentcloud.adobe.com/link/review?uri=urn%3Aaaid%3Ascds%3AUS%3A5587d57e-d34a-4618-95a
2-c291d30d47ab#pageNum=1.

61 N. Donley. (2019). The USA lags behind other agricultural nations in banning harmful pesticides. Environmental Health,  
18. 07 June, 2019. Available via: https://ehjournal.biomedcentral.com/articles/10.1186/s12940-019-0488-0. 

62 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC, p. 23.

63 A. Covert (2020). “New Study Identifies Pesticide Mixtures in U.S. Rivers and Streams,” USGS Press Release, 16 September, 2020, 
available via: https://www.usgs.gov/center-news/new-study-identifies-pesticide-mixtures-us-rivers-and-streams?qt-news_science_
products=1#qt-news_science_products; J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

64 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC., p. 27.

65 T. Gunstone, T. Cornelisse, K. Klein, A. Dubey, and N. Donley (2021). Pesticides and Soil Invertebrates: A Hazard Assessment, 
Front. Environ. Sci., 9 (May 4), available via: https://www.frontiersin.org/articles/10.3389/fenvs.2021.643847/full. 

66 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC., p. 28.

67 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC., p. 28.

68 Decision Innovation Solutions (2017). 2016 U.S. Animal Food Consumption Report. Prepared for Institute for Feed Education and 
Research, December 2017.

69 C. Dowler. (2020). Revealed: The pesticide giants making billions on toxic and bee-harming chemicals. Unearthed. Web. Published 
20 February 2020. Last accessed 21 July 2021 via: https://unearthed.greenpeace.org/2020/02/20/pesticides-croplife-hazard-
ous-bayer-syngenta-health-bees/

70 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/
by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced going to animal feed in the US.

71 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/puds/
by-crop/.

72 USDA (2018). Crop Production. https://www.nass.usda.gov/Publications/Todays_Reports/reports/crop0918.pdf, using 81.8 
million total acres planted to corn and 88.8 million total acres planted to soybeans in the US in 2018.

73 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

74 Markets and Markets (2017). Glyphosate Market by Crop Type (Genetically Modified, Conventional), Form (Liquid, Dry),  
Application (Agricultural (Grains & Cereals, Oilseeds & Pulses, Fruits & Vegetables), Non Agricultural), and Region – Global Fore-
cast to 2022, available via: https://www.marketsandmarkets.com/Market-Reports/glyphosate-market-8522593.html.

https://ehjournal.biomedcentral.com/articles/10.1186/s12940-019-0488-0
https://www.frontiersin.org/articles/10.3389/fenvs.2021.643847/full
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://www.nass.usda.gov/Publications/Todays_Reports/reports/crop0918.pdf


36World Animal Protection & Center for Biological Diversity Collateral Damage Report

75 Intrado GlobeNewswire (2020). “Glyphosate Market to Reach USD 13.31 Billion by 2027,” Web, published 14 December 2020. 
Last accessed 02 August 2021 via: https://www.globenewswire.com/news-release/2020/12/15/2144951/0/en/Glyphosate-
Market-to-Reach-USD-13-31-Billion-By-2027-Reports-and-Data.html.

76 USDA Office of the Chief Economist (2021). “USDA Agricultural Projections to 2030,” February, available via: https://www.usda.
gov/sites/default/files/documents/USDA-Agricultural-Projections-to-2030.pdf. 

77 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

78 EPA (2020). Draft National Level Listed Species Biological Evaluation for Glyphosate, available via: https://www.epa.gov/ 
endangered-species/draft-national-level-listed-species-biological-evaluation-glyphosate#executive-summary. 

79 Center for Biological Diversity, et al. (2014). Petition to Protect the Monarch Butterfly (Danaus Plexippus Plexippus) Under the 
Endangered Species Act, available via: https://www.biologicaldiversity.org/species/invertebrates/pdfs/Monarch_ESA_Petition.pdf

80 National Geographic. “Monarch butterfly,” Photo Ark, Web, last accessed 28 October, 2021 via: https://www.nationalgeograph-
ic.com/animals/invertebrates/facts/monarch-butterfly. 

81 M. Levitt (2021). “The butterflies are back! Annual migration of monarchs shows highest numbers I years,” NPR, 26 November, 
2021, available via: https://www.npr.org/2021/11/26/1059263867/the-butterflies-are-back-annual-migration-of-monarchs-
shows-highest-numbers-in-y. 

82 Center for Biological Diversity (2021). “Eastern Monarch Butterfly Population Falls Again,” Press Release, February 25, 2021, 
available via: https://biologicaldiversity.org/w/news/press-releases/eastern-monarch-butterfly-population-falls-again-2021-02-25/. 

83 Center for Biological Diversity (2021). “Eastern Monarch Butterfly Population Falls Again,” Press Release, February 25, 2021, 
available via: https://biologicaldiversity.org/w/news/press-releases/eastern-monarch-butterfly-population-falls-again-2021-02-25/. 

84 EPA (2020). Draft National Level Listed Species Biological Evaluation for Glyphosate, available via: https://www.epa.gov/ 
endangered-species/draft-national-level-listed-species-biological-evaluation-glyphosate#executive-summary. 

85 US Fish and Wildlife Service. Hine’s Emerald Dragonly (Somatochlora hineana), Fact Sheet, Web, last accessed 28 October, 2021 
via: https://www.fws.gov/midwest/endangered/insects/hed/hins_fct.html.

86 US Fish and Wildlife Service. Hine’s Emerald Dragonly (Somatochlora hineana), Fact Sheet, Web, last accessed 28 October, 2021 
via: https://www.fws.gov/midwest/endangered/insects/hed/hins_fct.html.

87 Center for Biological Diversity (no date). “Saving the Hine’s Emerald Dragonfly,” Web, last accessed 28 October, 2021 via: 
https://www.biologicaldiversity.org/species/invertebrates/Hines_emerald_dragonfly/index.html. 

88 EPA (2020). Draft National Level Listed Species Biological Evaluation for Glyphosate, available via: https://www.epa.gov/ 
endangered-species/draft-national-level-listed-species-biological-evaluation-glyphosate#executive-summary. 

89 Smithsonian’s National Zoo & Conservation Biology Institute (no date). “Black-footed ferret,” Web, last accessed 28 October, 
2021 via: https://nationalzoo.si.edu/animals/black-footed-ferret. 

90 US Fish & Wildlife Service (2017). “Black-footed Ferret,” Fact Sheet, Web, last accessed 28 October, 2021 via: https://www.fws.
gov/mountain-prairie/factsheets/black-footed-ferret.pdf. 

91 Smithsonian’s National Zoo & Conservation Biology Institute (no date). “Black-footed ferret,” Web, last accessed 28 October, 
2021 via: https://nationalzoo.si.edu/animals/black-footed-ferret. 

92 Smithsonian’s National Zoo & Conservation Biology Institute (no date). “Black-footed ferret,” Web, last accessed 28 October, 
2021 via: https://nationalzoo.si.edu/animals/black-footed-ferret. 

93 EPA (2020). Draft National Level Listed Species Biological Evaluation for Glyphosate, available via: https://www.epa.gov/ 
endangered-species/draft-national-level-listed-species-biological-evaluation-glyphosate#executive-summary. 

94 US Fish and Wildlife Service (no date). “Utah prairie dog (Cynomys parvidens),” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/mountain-prairie/es/utahPrairieDog.php. 

95 US Fish and Wildlife Service (no date). “Utah prairie dog (Cynomys parvidens),” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/mountain-prairie/es/utahPrairieDog.php. 

https://www.usda.gov/sites/default/files/documents/USDA-Agricultural-Projections-to-2030.pdf
https://www.usda.gov/sites/default/files/documents/USDA-Agricultural-Projections-to-2030.pdf
https://www.nationalgeographic.com/animals/invertebrates/facts/monarch-butterfly
https://www.nationalgeographic.com/animals/invertebrates/facts/monarch-butterfly
https://www.npr.org/2021/11/26/1059263867/the-butterflies-are-back-annual-migration-of-monarchs-shows-highest-numbers-in-y
https://www.npr.org/2021/11/26/1059263867/the-butterflies-are-back-annual-migration-of-monarchs-shows-highest-numbers-in-y
https://biologicaldiversity.org/w/news/press-releases/eastern-monarch-butterfly-population-falls-again-2021-02-25/
https://biologicaldiversity.org/w/news/press-releases/eastern-monarch-butterfly-population-falls-again-2021-02-25/
https://www.biologicaldiversity.org/species/invertebrates/Hines_emerald_dragonfly/index.html
https://nationalzoo.si.edu/animals/black-footed-ferret
https://www.fws.gov/mountain-prairie/factsheets/black-footed-ferret.pdf
https://www.fws.gov/mountain-prairie/factsheets/black-footed-ferret.pdf
https://nationalzoo.si.edu/animals/black-footed-ferret
https://nationalzoo.si.edu/animals/black-footed-ferret
https://www.fws.gov/mountain-prairie/es/utahPrairieDog.php
https://www.fws.gov/mountain-prairie/es/utahPrairieDog.php


37World Animal Protection & Center for Biological Diversity Collateral Damage Report

96 National Park Service (no date). “Utah prairie dog,” Web, last accessed 28 October, 2021  
via: https://www.nps.gov/brca/learn/nature/upd.htm. 

97 Wild Earth Guardians (no date). “Utah prairie dog,” Web, last accessed 28 October, 2021 via: https://wildearthguardians.org/
wildlife-conservation/endangered-species-list/mammals/utah-prairie-dog/. 

98 EPA (2020). Draft National Level Listed Species Biological Evaluation for Glyphosate, available via: https://www.epa.gov/ 
endangered-species/draft-national-level-listed-species-biological-evaluation-glyphosate#executive-summary. 

99 National Park Service (no date). “Ozark hellbender,” Web, last accessed 28 October, 2021 via: https://www.nps.gov/ozar/
learn/nature/hellbender.htm. 

100 National Park Service (no date). “Ozark hellbender,” Web, last accessed 28 October, 2021 via: https://www.nps.gov/ozar/
learn/nature/hellbender.htm. 

101 R.A. Relyea (2005). The impact of insecticides and herbicides on the biodiversity and productivity of aquatic communities,  
Ecological Applications, 15(2): pp. 618-627. Available via: https://www.biology.pitt.edu/sites/default/files/facilities-images/
Relyea166.pdf. 

102 Center for Biological Diversity (2020). “EPA Finds Glyphosate Is Likely to Injure or Kill 93% of Endangered Specices,” Press 
Release, November 25, 2020, available via: https://biologicaldiversity.org/w/news/press-releases/epa-finds-glyphosate-likely-
injure-or-kill-93-endangered-species-2020-11-25/email_view/

103 Center for Biological Diversity (2020). “EPA Finds Glyphosate Is Likely to Injure or Kill 93% of Endangered Specices,” Press 
Release, November 25, 2020, available via: https://biologicaldiversity.org/w/news/press-releases/epa-finds-glyphosate-likely-
injure-or-kill-93-endangered-species-2020-11-25/email_view/

104 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

105 P. Prada. (2015). “Paraquat: A controversial chemical’s second act,” Reuters. Web, published 02 April 2015. Last accessed 26 
July 2021 via: https://www.reuters.com/article/brazil-pesticide-paraquat-idUSL2N0WY2V720150402.

106 S. Rushton, A. Spake, & L. Charlton (2016). The Unintended Consequences of Using Glyphosate, The Sierra Club. January 2016. 
Last accessed 02 August 2021 via: https://content.sierraclub.org/grassrootsnetwork/sites/content.sierraclub.org.activistnetwork/
files/teams/documents/The_Unintended_Consequences_of_Using_Glyphosate_Jan-2016.pdf.

107 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

108 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

109 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

110 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

111 USDA (2018). Crop Production. https://www.nass.usda.gov/Publications/Todays_Reports/reports/crop0918.pdf, using 81.8 
million total acres planted to corn and 88.8 million total acres planted to soybeans in the US in 2018.

112 F.T. Farruggia (2016). Refined Ecological Risk Assessment for Atrazine. Memo for EPA Office of Chemical Safety and Pollution 
Prevention. 12 April, 2016. Last accessed 29 July 2021 via https://www.researchgate.net/profile/Frank-Farruggia/publica-
tion/312165935_REFINED_ECOLOGICAL_RISK_ASSESSMENT_FOR_ATRAZINE/links/5873b64108ae6eb871c650fb/
REFINED-ECOLOGICAL-RISK-ASSESSMENT-FOR-ATRAZINE.pdf.

113 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.   
Available at: https://hygeia-analytics.com/tools/puds/by-crop/.

114 USDA National Agricultural Statistics Service (no date). Quick Stats, available via: https://quickstats.nass.usda.gov/re-
sults/01439D0D-C74B-37E6-95CA-2F65EF91B816#02F3F29F-5252-34AF-BAA1-9CC4B35F5711

115 Market Research Future (2021). Atrazine Market Research Report: Information by Form (Liquid and Dry), Crop Type (Cereals, 
Sugar Crops, Oil Bearing Crops, and Others), Mode of Application (Surface Application, Herbigation, and Foliar), Stage of Appli-
cation (Preplant, Pre-Emergency, and Post-Emergency), and Region (North America, Europe, Asia-Pacific, and Rest of the World)—
Forecast till 2027. February. Available via: https://www.marketresearchfuture.com/reports/atrazine-market-7128.

https://www.nps.gov/brca/learn/nature/upd.htm
https://wildearthguardians.org/wildlife-conservation/endangered-species-list/mammals/utah-prairie-dog/
https://wildearthguardians.org/wildlife-conservation/endangered-species-list/mammals/utah-prairie-dog/
https://www.nps.gov/ozar/learn/nature/hellbender.htm
https://www.nps.gov/ozar/learn/nature/hellbender.htm
https://www.nps.gov/ozar/learn/nature/hellbender.htm
https://www.nps.gov/ozar/learn/nature/hellbender.htm
https://www.biology.pitt.edu/sites/default/files/facilities-images/Relyea166.pdf
https://www.biology.pitt.edu/sites/default/files/facilities-images/Relyea166.pdf
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://www.nass.usda.gov/Publications/Todays_Reports/reports/crop0918.pdf


38World Animal Protection & Center for Biological Diversity Collateral Damage Report

116 J. Hoettinger (2020). “EPA takes steps to allow continued use of pesticides linked to cancer, brain development issues in children,” 
Midwest Center for Investigative Report (September 24), Web, last accessed 01 September, 2021. Available  
via: https://investigatemidwest.org/2020/09/24/epa-takes-steps-to-allow-continued-use-of-pesticides-linked-to-cancer-brain-devel-
opment-issues-in-children/. 

117 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

118 M. Ehrsam, S.A. Knutie, & J.R. Rohr (2016). The herbicide atrazine indusces hyperactivity and compromises tadpole detection  
of predator chemical cues, Environmental Toxicology and Chemistry, 35(9): pp. 2239-2244, available  
via: http://shell.cas.usf.edu/rohrlab/data/Ehrsam%20et%20al%202016.pdf.

119 M. Ehrsam, S.A. Knutie, & J.R. Rohr (2016). The herbicide atrazine indusces hyperactivity and compromises tadpole detection  
of predator chemical cues, Environmental Toxicology and Chemistry, 35(9): pp. 2239-2244, available  
via: http://shell.cas.usf.edu/rohrlab/data/Ehrsam%20et%20al%202016.pdf.

120 I.S. Canosa, G. Silveyra, L. Lopez Greco, & E. Rodriguez (2016). Effects of atrazine on growth and sex differentiation, in  
juveniles of the freshwater crayfish Cherax quadricarinatus, Ecotoxicology and Environmental Safety, 131. September: pp. 96-103. 
Available via: https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_
growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae-
414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish- 
Cherax-quadricarinatus.pdf. 

121 EPA (2020). Draft National Level Listed Species Biological Evaluation for Atrazine, Web, last accessed 28 October, 2021  
via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine. 

122 US Fish & Wildlife Service (no date). “Northern Long-Eared Bat,” Fact Sheet, last accessed 28 October, 2021  
via: https://www.fws.gov/Midwest/Endangered/mammals/nleb/nlebFactSheet.html.

123 US Fish & Wildlife Service (no date). “Northern Long-Eared Bat,” Fact Sheet, last accessed 28 October, 2021  
via: https://www.fws.gov/Midwest/Endangered/mammals/nleb/nlebFactSheet.html.

124 US Fish & Wildlife Service (no date). “Northern Long-Eared Bat,” Fact Sheet, last accessed 28 October, 2021  
via: https://www.fws.gov/Midwest/Endangered/mammals/nleb/nlebFactSheet.html.

125 EPA (2020). Draft National Level Listed Species Biological Evaluation for Atrazine, Web, last accessed 28 October, 2021  
via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine. 

126 Center for Biological Diversity (no date). “Saving the San Joaguin Kit Fox,” Web, last accessed 28 October, 2021  
via: https://www.biologicaldiversity.org/species/mammals/San_Joaquin_kit_fox/index.html. 

127 US EPA (2010). Endangered Species Facts: San Joaquin Kit Fox,” Fact Sheet (February), available  
via: https://www.epa.gov/sites/default/files/2013-08/documents/san-joaquin-kitfox.pdf. 

128 Los Padres Forest watch (2013). “San Joaquin Kit Fox,” Web, last accessed 28 October, 2021  
via: https://lpfw.org/our-region/wildlife/san-joaquin-kit-fox/. 

129 Center for Biological Diversity (no date). “Saving the San Joaguin Kit Fox,” Web, last accessed 28 October, 2021  
via: https://www.biologicaldiversity.org/species/mammals/San_Joaquin_kit_fox/index.html. 

130 Center for Biological Diversity (no date). “Saving the San Joaguin Kit Fox,” Web, last accessed 28 October, 2021  
via: https://www.biologicaldiversity.org/species/mammals/San_Joaquin_kit_fox/index.html. 

131 EPA (2020). Draft National Level Listed Species Biological Evaluation for Atrazine, Web, last accessed 28 October, 2021  
via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine. 

132 US Fish & Wildlife Service (no date). “Pygmy Rabbit (Columbia Basin DPS),” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/wafwo/articles.cfm?id=149489590. 

133 US Fish & Wildlife Service (no date). “Pygmy Rabbit (Columbia Basin DPS),” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/wafwo/articles.cfm?id=149489590. 

134 US Fish & Wildlife Service (no date). “Pygmy Rabbit (Columbia Basin DPS),” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/wafwo/articles.cfm?id=149489590. 

135 Washington Department of Fish and Wildlife (no date). “Pygmy rabbit (Columbia Basin population),” Web, last accessed 28 
October, 2021 via: https://wdfw.wa.gov/species-habitats/species/brachylagus-idahoensis. 

https://investigatemidwest.org/2020/09/24/epa-takes-steps-to-allow-continued-use-of-pesticides-linked-to-cancer-brain-development-issues-in-children/
https://investigatemidwest.org/2020/09/24/epa-takes-steps-to-allow-continued-use-of-pesticides-linked-to-cancer-brain-development-issues-in-children/
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine
https://www.biologicaldiversity.org/species/mammals/San_Joaquin_kit_fox/index.html
https://www.epa.gov/sites/default/files/2013-08/documents/san-joaquin-kitfox.pdf
https://lpfw.org/our-region/wildlife/san-joaquin-kit-fox/
https://www.biologicaldiversity.org/species/mammals/San_Joaquin_kit_fox/index.html
https://www.biologicaldiversity.org/species/mammals/San_Joaquin_kit_fox/index.html
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine
https://www.fws.gov/wafwo/articles.cfm?id=149489590
https://www.fws.gov/wafwo/articles.cfm?id=149489590
https://www.fws.gov/wafwo/articles.cfm?id=149489590
https://wdfw.wa.gov/species-habitats/species/brachylagus-idahoensis


39World Animal Protection & Center for Biological Diversity Collateral Damage Report

136 EPA (2020). Draft National Level Listed Species Biological Evaluation for Atrazine, Web, last accessed 28 October, 2021  
via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine. 

137 US Fish & Wildlife Service (no date). “Streaked horned lark,” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/oregonfwo/articles.cfm?id=149489450. 

138 US Fish & Wildlife Service (no date). “Streaked horned lark,” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/oregonfwo/articles.cfm?id=149489450. 

139 EPA (2020). Draft National Level Listed Species Biological Evaluation for Atrazine, Web, last accessed 28 October, 2021  
via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine. 

140 All About Birds (no date). “Whooping Crane,” Web, last accessed 28 October, 2021  
via: https://www.allaboutbirds.org/guide/Whooping_Crane/overview. 

141 International Crane Foundation (no date). “Whooping Crane,” available via: https://savingcranes.org/species-field-guide/
whooping-crane/

142 Texas Parks & Wildlife (no date). “Whooping Crane,” available via: https://tpwd.texas.gov/huntwild/wild/species/whooper/

143 EPA (2020). Draft National Level Listed Species Biological Evaluation for Atrazine, Web, last accessed 28 October, 2021  
via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine. 

144 Center for Biological Diversity (no date). “Saving the California Tiger Salamander,” Web, last accessed 28 October, 2021  
via: https://www.biologicaldiversity.org/species/amphibians/California_tiger_salamander/. 

145 US Fish & Wildlife Service (no date). “California Tiger Salamander,” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/sacramento/es_species/Accounts/Amphibians-Reptiles/ca_tiger_salamander/.

146 EPA (2020). Draft National Level Listed Species Biological Evaluation for Atrazine, Web, last accessed 28 October, 2021  
via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine. 

147 Center for Biological Diversity (no date). “Saving the Oregon Spotted Frog,” Web, last accessed 28 October, 2021  
via: https://www.biologicaldiversity.org/species/amphibians/Oregon_spotted_frog/index.html. 

148 US Fish & Wildlife Service (no date). “Oregon spotted frog,” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/oregonfwo/articles.cfm?id=149489458.

149 US Fish & Wildlife Service (no date). “Oregon spotted frog,” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/oregonfwo/articles.cfm?id=149489458.

150 Center for Biological Diversity (no date). “Saving the Oregon Spotted Frog,” Web, last accessed 28 October, 2021  
via: https://www.biologicaldiversity.org/species/amphibians/Oregon_spotted_frog/index.html. 

151 W. Fan, T. Yanase, H. Morinaga, S. Gondo, T. Okabe, M. Nomura, T. Komatsu, K-I Morohashi, T.B. Hayes, R. Takayanagi, & H. 
Nawata (2007). Atrazine-Induced Aromatase Expression is SF-1 Dependent: Implications for Endocrine Disruption in Wildlife  
and Reproductive Cancers in Humans, Environmental Health Perspectives, 115(5). May. Available  
via: https://ehp.niehs.nih.gov/doi/full/10.1289/ehp.9758.

152 EPA (2020). Draft National Level Listed Species Biological Evaluation for Atrazine, Web, last accessed 28 October, 2021  
via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine. 

153 US Fish & Wildlife Service (no date). “Valley Elderberry Longhorn Beetle,” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/sacramento/es_species/Accounts/Invertebrates/valley_elderberry_longhorn_beetle/. 

154 US Fish & Wildlife Service (no date). “Valley Elderberry Longhorn Beetle,” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/sacramento/es_species/Accounts/Invertebrates/valley_elderberry_longhorn_beetle/. 

155 I.S. Canosa, G. Silveyra, L. Lopez Greco, & E. Rodriguez (2016). Effects of atrazine on growth and sex differentiation, in  
juveniles of the freshwater crayfish Cherax quadricarinatus, Ecotoxicology and Environmental Safety, 131.  
September: pp. 96-103. Available via: https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Ef-
fects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/
links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-cray-
fish-Cherax-quadricarinatus.pdf. 

https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine
https://www.fws.gov/oregonfwo/articles.cfm?id=149489450
https://www.fws.gov/oregonfwo/articles.cfm?id=149489450
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine
https://www.allaboutbirds.org/guide/Whooping_Crane/overview
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine
https://www.biologicaldiversity.org/species/amphibians/California_tiger_salamander/
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine
https://www.biologicaldiversity.org/species/amphibians/Oregon_spotted_frog/index.html
https://www.biologicaldiversity.org/species/amphibians/Oregon_spotted_frog/index.html
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine
https://www.fws.gov/sacramento/es_species/Accounts/Invertebrates/valley_elderberry_longhorn_beetle/
https://www.fws.gov/sacramento/es_species/Accounts/Invertebrates/valley_elderberry_longhorn_beetle/
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf
https://www.researchgate.net/profile/Enrique-Rodriguez-15/publication/303412923_Effects_of_atrazine_on_growth_and_sex_differentiation_in_juveniles_of_the_freshwater_crayfish_Cherax_quadricarinatus/links/575eb67308ae414b8e544b28/Effects-of-atrazine-on-growth-and-sex-differentiation-in-juveniles-of-the-freshwater-crayfish-Cherax-quadricarinatus.pdf


40World Animal Protection & Center for Biological Diversity Collateral Damage Report

156 F.T. Farruggia (2016). Refined Ecological Risk Assessment for Atrazine. Memo for EPA Office of Chemical Safety and Pollution 
Prevention. 12 April, 2016. Last accessed 29 July 2021 via https://www.researchgate.net/profile/Frank-Farruggia/ 
publication/312165935_REFINED_ECOLOGICAL_RISK_ASSESSMENT_FOR_ATRAZINE/links/5873b64108ae6eb-
871c650fb/REFINED-ECOLOGICAL-RISK-ASSESSMENT-FOR-ATRAZINE.pdf.

157 F.T. Farruggia (2016). Refined Ecological Risk Assessment for Atrazine. Memo for EPA Office of Chemical Safety and Pollution 
Prevention. 12 April, 2016. Last accessed 29 July 2021 via https://www.researchgate.net/profile/Frank-Farruggia/ 
publication/312165935_REFINED_ECOLOGICAL_RISK_ASSESSMENT_FOR_ATRAZINE/links/5873b64108ae6eb-
871c650fb/REFINED-ECOLOGICAL-RISK-ASSESSMENT-FOR-ATRAZINE.pdf.

158 W. Fan, T. Yanase, H. Morinaga, S. Gondo, T. Okabe, M. Nomura, T. Komatsu, K-I Morohashi, T.B. Hayes, R. Takayanagi, & H. 
Nawata (2007). Atrazine-Induced Aromatase Expression is SF-1 Dependent: Implications for Endocrine Disruption in Wildlife  
and Reproductive Cancers in Humans, Environmental Health Perspectives, 115(5). May.  
Available via: https://ehp.niehs.nih.gov/doi/full/10.1289/ehp.9758.

159 F.T. Farruggia (2016). Refined Ecological Risk Assessment for Atrazine. Memo for EPA Office of Chemical Safety and Pollution 
Prevention. 12 April, 2016. Last accessed 29 July 2021 via https://www.researchgate.net/profile/Frank-Farruggia/publica-
tion/312165935_REFINED_ECOLOGICAL_RISK_ASSESSMENT_FOR_ATRAZINE/links/5873b64108ae6eb871c650fb/
REFINED-ECOLOGICAL-RISK-ASSESSMENT-FOR-ATRAZINE.pdf.

160 F.T. Farruggia (2016). Refined Ecological Risk Assessment for Atrazine. Memo for EPA Office of Chemical Safety and Pollution 
Prevention. 12 April, 2016. Last accessed 29 July 2021 via https://www.researchgate.net/profile/Frank-Farruggia/publica-
tion/312165935_REFINED_ECOLOGICAL_RISK_ASSESSMENT_FOR_ATRAZINE/links/5873b64108ae6eb871c650fb/
REFINED-ECOLOGICAL-RISK-ASSESSMENT-FOR-ATRAZINE.pdf.

161 US EPA (2020). Draft National Level Listed Species Biological Evaluation for Atrazine. November.  
Available via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-atrazine.

162 Larissa Mies Bombardi (2021). Geography of Asymmetry: the vicious cycle of pesticides and colonialism in the commercial  
relationship between Mercosur and the European Union. Commissioned by The Left group in the European Parliament, accessed 
21 July 2021 via: https://documentcloud.adobe.com/link/review?uri=urn%3Aaaid%3Ascds%3AUS%3A5587d57e-d34a-4618-
95a2-c291d30d47ab#pageNum=1.

163 P. Huang, J. Yang, J. Ning, M. Wang, & Q. Song (2015). Atrazine Triggers DNA Damage Response and Induces  
DNA Double-Strand Breaks in MCF-10A Cells. Int J Mol Sci. 16(7): 14353–14368.

164 B. Khiatah, MD (no date) “The Impact of Atrazine on Human Health,” Amos Institute. Web. Last accessed 29 July 2021  
via: https://amosinstitute.com/blog/the-impact-of-atrazine-on-human-health/.

165 M.V. Podda. (1997), Effect of atrazine administration on spontaneous and evoked cerebellar activity in the rat,” Pharmacol.  
Res, (36), 199-202

166 P.C. Das, W.K. McElroy, & R.L. Cooper. (2000), Differential modulation of catecholamines by chlorotriazine herbicides in 
pheochromocytoma (PC12) cells in vitro, Toxicol. Sci, (56), 324-33; J. Kneiwald. (1987), Indirect influence of straizines on rat go-
nadotropic mechanism at early post natal period, J. Ster. Biochem, (27), 10095- 1100; Pesticide Action Network North America 
(2011). Fact Sheet: Health Effects of Atrazine. Available via: https://www.panna.org/sites/default/files/Atrazine&Health_0.pdf.

167 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

168 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

169 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

170 USDA (2018). Crop Production. https://www.nass.usda.gov/Publications/Todays_Reports/reports/crop0918.pdf, using 81.8 
million total acres planted to corn and 88.8 million total acres planted to soybeans in the US in 2018.

171 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

172 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.   
Available at: https://hygeia-analytics.com/tools/puds/by-crop/.

https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://www.nass.usda.gov/Publications/Todays_Reports/reports/crop0918.pdf


41World Animal Protection & Center for Biological Diversity Collateral Damage Report

173 J.F. Egan. (2013). Plant Biodiversity in Agricultural Landscapes and the Next Generation of Herbicide-Resistant Crops. Pennsylva-
nia State University Dissertation in Ecology. Available via: https://etda.libraries.psu.edu/files/final_submissions/8335

174 N. Donley (2018). A Menace to Monarchs: Drift-prone Dicamba Poses a Dangerous New Threat to Monarch Butterflies.  
Center for Biological Diversity (March), available via: https://www.biologicaldiversity.org/species/invertebrates/monarch 
_butterfly/pdfs/Menace-to-Monarchs.pdf.

175 N. Donley (2018). A Menace to Monarchs: Drift-prone Dicamba Poses a Dangerous New Threat to Monarch Butterflies.  
Center for Biological Diversity (March), available via: https://www.biologicaldiversity.org/species/invertebrates/monarch_ 
butterfly/pdfs/Menace-to-Monarchs.pdf.

176 ReportLinker (2020). “Global Dicamba Herbicide Industry,” Intrado GlobaNewsire. Web, published 05 October 2020.  
Last accessed 02 August 2021 via: https://www.globenewswire.com/news-release/2020/10/06/2103945/0/en/ 
Global-Dicamba-Herbicide-Industry.html.

177 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

178 G. Schutte, M. Eckerstorfer, V. Rastelli, W. Reichenbecher, S. Restrepo-Vassalli, M. Rouhonen-Lehto, A-G Wuest Saucy, &  
M. Mertens (2017). Herbicide resistance and biodiversity: agronomic and environmental aspects of genetically modified  
herbicide-resistant plants, Environ Sci Eur, 29(5), p. 5. Available via: https://link.springer.com/content/pdf/10.1186/s12302-
016-0100-y.pdf.

179 J.F. Egan, E. Bohnenblust, S. Goslee, D. Mortensen, J. Tooker (2014). Herbicide drift can affect plant and arthropod communities, 
Agriculture, Ecosystems and Environment, 185 March: pp. 77-87.

180 E.W. Bohnenblust, A.D. Vaudo, F. Egan, D.A. Mortensen, J.F. Tooker (2015). Effects of the herbicicde dicamba on nontarget  
plants and pollinator visitation, Environmental Toxicology and Chemistry, 35(1): pp. 144-151. 
 Available via: https://hh-ra.org/wp-content/uploads/2021/04/bohnenblust2015.pdf.

181 N. Donley (2018). A Menace to Monarchs: Drift-prone Dicamba Poses a Dangerous New Threat to Monarch Butterflies.  
Center for Biological Diversity (March), available via: https://www.biologicaldiversity.org/species/invertebrates/ 
monarch_butterfly/pdfs/Menace-to-Monarchs.pdf.

182 N. Donley (2018). A Menace to Monarchs: Drift-prone Dicamba Poses a Dangerous New Threat to Monarch Butterflies.  
Center for Biological Diversity (March), available via: https://www.biologicaldiversity.org/species/invertebrates/ 
monarch_butterfly/pdfs/Menace-to-Monarchs.pdf.

183 Center for Biological Diversity (2020). “National Institutes of Health Study Links Dicamba, Increased Cancer Risks,” Press Release, 
published 04 May 2020. Last accessed 02 August 2021 via: https://biologicaldiversity.org/w/news/press-releases/national-
institutes-health-study-links-dicamba-increased-cancer-risks-2020-05-04/; C.C. Lerro, J.N. Hofman, G. Andreotti, S. Koutros, C.G. 
Parks, A. Blair, P.S. Albert, J.H. Lubin, D.P. Sandler, & L.E. Beane Freeman (2020). Dicamba use and cancer incidence in the 
agricultural health study: an updated analysis, International Journal of Epidemiology: pp. 1326-1337. 

184 K.P. Cantor. (1992). Pesticides and other agricultural risk factors for non-Hodgkin’s lymphoma among men in Iowa and Minnesota. 
Cancer Res. 52:2447-2455

185 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

186 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

187 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

188 USDA (2018). Crop Production. https://www.nass.usda.gov/Publications/Todays_Reports/reports/crop0918.pdf, using 81.8 
million total acres planted to corn and 88.8 million total acres planted to soybeans in the US in 2018.

189 Dehnert, et al. (2021). http://www.sharmalabuw.org/uploads/1/3/6/1/13619635/dehnert_et_al._2020.pdf

190 Peterson et al. (2016), http://www.asacim.org.ar/wp-content/uploads/2018/09/PETERSON-ET-AL-2016.pdf

191 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.   
Available at: https://hygeia-analytics.com/tools/puds/by-crop/.

https://biologicaldiversity.org/w/news/press-releases/national-institutes-health-study-links-dicamba-increased-cancer-risks-2020-05-04/
https://biologicaldiversity.org/w/news/press-releases/national-institutes-health-study-links-dicamba-increased-cancer-risks-2020-05-04/
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://www.nass.usda.gov/Publications/Todays_Reports/reports/crop0918.pdf


42World Animal Protection & Center for Biological Diversity Collateral Damage Report

192 Schutte et al (2017) https://link.springer.com/content/pdf/10.1186/s12302-016-0100-y.pdf

193 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

194 F. Islam, J. Wang, M.A. Farooq, M.S.S. Khan, L. Xu, J. Zhu, M. Zhao, S. Munos, Q.X. Li, and W. Zhou (2017). Potential impact of 
the herbicide 2,4-dischlorophenoxyacetic acid on human and ecosystems, Environment International.  
Available via: https://www.researchgate.net/profile/Faisal-Islam-2/publication/321574991_Potential_impact_of_the_her-
bicide_24-dichlorophenoxyacetic_acid_on_human_and_ecosystems/links/5a27939ea6fdcc8e866e7924/Potential-im-
pact-of-the-herbicide-2-4-dichlorophenoxyacetic-acid-on-human-and-ecosystems.pdf.

195 F. Islam, J. Wang, M.A. Farooq, M.S.S. Khan, L. Xu, J. Zhu, M. Zhao, S. Munos, Q.X. Li, and W. Zhou (2017). Potential impact of 
the herbicide 2,4-dischlorophenoxyacetic acid on human and ecosystems, Environment International.  
Available via: https://www.researchgate.net/profile/Faisal-Islam-2/publication/321574991_Potential_impact_of_the_her-
bicide_24-dichlorophenoxyacetic_acid_on_human_and_ecosystems/links/5a27939ea6fdcc8e866e7924/Potential-im-
pact-of-the-herbicide-2-4-dichlorophenoxyacetic-acid-on-human-and-ecosystems.pdf.

196 A.J. Ejomah, O.O. Uyi, and S-O Ekaye (2020). Exposure of the African mound building termite, Macrotermes bellicosus workers 
to commercially formulated 2,4-D and atrazine caused high mortality and impaired locomoter response, PLoS ONE, 15(3).

197 F. Islam, J. Wang, M.A. Farooq, M.S.S. Khan, L. Xu, J. Zhu, M. Zhao, S. Munos, Q.X. Li, and W. Zhou (2017). Potential impact of 
the herbicide 2,4-dischlorophenoxyacetic acid on human and ecosystems, Environment International.  
Available via: https://www.researchgate.net/profile/Faisal-Islam-2/publication/321574991_Potential_impact_of_the_her-
bicide_24-dichlorophenoxyacetic_acid_on_human_and_ecosystems/links/5a27939ea6fdcc8e866e7924/Potential-im-
pact-of-the-herbicide-2-4-dichlorophenoxyacetic-acid-on-human-and-ecosystems.pdf.

198 F. Islam, J. Wang, M.A. Farooq, M.S.S. Khan, L. Xu, J. Zhu, M. Zhao, S. Munos, Q.X. Li, and W. Zhou (2017). Potential impact of 
the herbicide 2,4-dischlorophenoxyacetic acid on human and ecosystems, Environment International.  
Available via: https://www.researchgate.net/profile/Faisal-Islam-2/publication/321574991_Potential_impact_of_the_her-
bicide_24-dichlorophenoxyacetic_acid_on_human_and_ecosystems/links/5a27939ea6fdcc8e866e7924/Potential-im-
pact-of-the-herbicide-2-4-dichlorophenoxyacetic-acid-on-human-and-ecosystems.pdf.

199 F. Islam, J. Wang, M.A. Farooq, M.S.S. Khan, L. Xu, J. Zhu, M. Zhao, S. Munos, Q.X. Li, and W. Zhou (2017). Potential impact of 
the herbicide 2,4-dischlorophenoxyacetic acid on human and ecosystems, Environment International.  
Available via: https://www.researchgate.net/profile/Faisal-Islam-2/publication/321574991_Potential_impact_of_the_her-
bicide_24-dichlorophenoxyacetic_acid_on_human_and_ecosystems/links/5a27939ea6fdcc8e866e7924/Potential-im-
pact-of-the-herbicide-2-4-dichlorophenoxyacetic-acid-on-human-and-ecosystems.pdf.

200 R.E. Willemsen and A. Hailey (2001). Effects of spraying the herbicides 2,4-D and 2,4,5-T on a population of the tortoise Testudo 
hermanni in southern Greece, Environmental Pollution 113(1). June: pp. 71-78.  
Available via: https://www.sciencedirect.com/science/article/abs/pii/S0269749100001603. 

201 E. Grossman (2015). “5 Things to Know About 2,4-D, the ‘Possibly’ Cancer-Causing Herbicide,” Civil Eats. Web. Published 30 
June 2015. Last accessed 10 August 2021 via: https://civileats.com/2015/06/30/5-things-to-know-about-24-d-the-possibly-
cancer-causing-herbicide/.

202 D. Sedbrook (2016). “2,4-D: The Most Dangerous Pesticide You’ve Never Heard Of,” NRDC Blog. Web. Published 15 March 
2016. Last accessed 10 August 2021 via: https://www.nrdc.org/stories/24-d-most-dangerous-pesticide-youve-never-heard. 

203 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

204 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

205 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

206 US Fish & Wildlife Service (no date). “Oregon spotted frog,” Web, last accessed 28 October, 2021  
via: https://www.fws.gov/oregonfwo/articles.cfm?id=149489458.

207 USDA (2018). Crop Production. https://www.nass.usda.gov/Publications/Todays_Reports/reports/crop0918.pdf, using 81.8 
million total acres planted to corn and 88.8 million total acres planted to soybeans in the US in 2018.

https://www.sciencedirect.com/science/article/abs/pii/S0269749100001603
https://www.nrdc.org/stories/24-d-most-dangerous-pesticide-youve-never-heard
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://www.nass.usda.gov/Publications/Todays_Reports/reports/crop0918.pdf


43World Animal Protection & Center for Biological Diversity Collateral Damage Report

208 H. Qian, W. Chen, L. Sun, Y. Jin, W. Liu, & Z. Fu (2009). Inhibitory effects of paraquat on photosynthesis and the response to 
oxidative stress in Chlorella vulgaris. Exotoxicology, 18: pp. 537-543.  
Available at: https://beyotime.com/reference/s0033-ref32.pdf.

209 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.   
Available at: https://hygeia-analytics.com/tools/puds/by-crop/.

210 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

211 P. Prada. (2015). “Paraquat: A controversial chemical’s second act,” Reuters. Web, published 02 April 2015.  
Last accessed 26 July 2021 via: https://www.reuters.com/article/brazil-pesticide-paraquat-idUSL2N0WY2V720150402.

212 J. Board. (2019). “Thailand moves closer to ban on toxic farm chemicals as concerns about food safety and human health grow,” 
CNA. Web, published 09 October 2019. Last accessed 26 July 2021 via: https://www.channelnewsasia.com/news/asia/ 
thailand-paraquat-agriculture-chemicals-health-ban-11978840.

213 Denise Benson, Claude D. Baker, Bill J. Forsyth, and John S. Castrale (1985). Herbicide (Alachlor, Atrazine, Linuron and Paraquat) 
Residues in Deer Mice Inhabiting Conventional and Minimum Tillage Row-crop Fields, Environmental Quality,  
Vol. 94: pp. 373-380.

214 F. Sartori & E. Vidrio. (2018). Environmental fate and ecotoxicology of paraquat: a California perspective.  
Toxicological & Environmental Chemistry, 100(5-7): pp. 479-517, available via: https://www.tandfonline.com/doi/
abs/10.1080/02772248.2018.1460369?journalCode=gtec20. 

215 F. Sartori & E. Vidrio. (2018). Environmental fate and ecotoxicology of paraquat: a California perspective.  
Toxicological & Environmental Chemistry, 100(5-7): pp. 479-517, available via: https://www.tandfonline.com/doi/
abs/10.1080/02772248.2018.1460369?journalCode=gtec20.

216 F. Sartori & E. Vidrio. (2018). Environmental fate and ecotoxicology of paraquat: a California perspective.  
Toxicological & Environmental Chemistry, 100(5-7): pp. 479-517, available via: https://www.tandfonline.com/doi/
abs/10.1080/02772248.2018.1460369?journalCode=gtec20.

217 A.P. Ugbomeh & E. Daka. (2020). Chronic Effects of Paraquat Dichloride on Testicular Histology of Clarias Gariepinus Juveniles. 
International Journal of Innovative Science, Engineering & Technology, 7(3) March. Available via https://www.researchgate.net/
profile/Adaobi-Ugbomeh/publication/340666205_Chronic_Effects_of_Paraquat_Dichloride_on_Testicular_Histology_of_Clar-
ias_Gariepinus_Juveniles/links/5e984be092851c2f52a69fc0/Chronic-Effects-of-Paraquat-Dichloride-on-Testicular-Histolo-
gy-of-Clarias-Gariepinus-Juveniles.pdf.

218 P.C. Jepson, K. Murray, O. Bach, M.A. Bonilla, & L. Neumeister. (2019). Selection of pesticides to reduce human and environmen-
tal health risks: a global guideline and minimum pesticides list. Lancet Planet Health, 3: e56-63.

219 P.C. Jepson, K. Murray, O. Bach, M.A. Bonilla, & L. Neumeister. (2019). Selection of pesticides to reduce human and environmen-
tal health risks: a global guideline and minimum pesticides list. Lancet Planet Health, 3: e56-63.; Wesseling et al., 1999; Van Osch 
et al., 2010.

220 M.A. Dalvie, N. White, R. Raine, J.E. Myers, L. London, M. Thompson, & D.C. Christiani. (1999). Long term respiratory health ef-
fects of the herbicide, paraquat, among workers in the Western Cape. Occup Environ Med, 56: pp. 391-396; M.B. Schenker, M. 
Stoecklin, K. Lee, R. Lupercia, R.J. Zeballos, P. Enright, T. Hennesy, & L.A. Beckett (2004). Pulmonary Function and Exercise-associ-
ated Changes with Chronic Low-Level Paraquat Exposure. American Journal of Respiratory and Critical Care Medicine, vol. 170.

221 The Endocrine Disruption Exchange, Inc. (2016). List of potential endocrine disruptors.

222 Law Offices of Timothy L. Miles (2021). “Lawsuit Alleges Link Between the Use of the Herbicide Paraquat and Parkinson’s 
Disease,” Press Release, 23 September, 2021. Last accessed 20 October, 2021 via: https://www.einnews.com/pr_
news/552124140/lawsuit-alleges-link-between-the-use-of-the-herbicide-paraquat-and-parkinson-s-disease. 

223 EPA (no date). “Paraquat Dichloride: One Sip Can Kill,” Web, last accessed 02 September 2021. Available via: https://www.
epa.gov/pesticide-worker-safety/paraquat-dichloride-one-sip-can-kill; T. Kanchan, S.M. Bakkannavar, and P.R. Acharya (2015). 
“Paraquat Poisoning: Analysis of an Uncommon Cause of Fatal Poisoning from Manipal, South India,” Toxicol. Int., 22(1)  
(Jan-Apr): pp. 30-34, available via: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4721173/. 

224 G.Z. Fortenberry, et al. (2016). Magnitude and characteristics of acute paraquat- and diquat-related illnesses in the US: 1998-
2013. Environ Res. 146 (April): pp. 191-199.

https://www.tandfonline.com/doi/abs/10.1080/02772248.2018.1460369?journalCode=gtec20
https://www.tandfonline.com/doi/abs/10.1080/02772248.2018.1460369?journalCode=gtec20
https://www.tandfonline.com/doi/abs/10.1080/02772248.2018.1460369?journalCode=gtec20
https://www.tandfonline.com/doi/abs/10.1080/02772248.2018.1460369?journalCode=gtec20
https://www.tandfonline.com/doi/abs/10.1080/02772248.2018.1460369?journalCode=gtec20
https://www.tandfonline.com/doi/abs/10.1080/02772248.2018.1460369?journalCode=gtec20
https://www.einnews.com/pr_news/552124140/lawsuit-alleges-link-between-the-use-of-the-herbicide-paraquat-and-parkinson-s-disease
https://www.einnews.com/pr_news/552124140/lawsuit-alleges-link-between-the-use-of-the-herbicide-paraquat-and-parkinson-s-disease
https://www.epa.gov/pesticide-worker-safety/paraquat-dichloride-one-sip-can-kill
https://www.epa.gov/pesticide-worker-safety/paraquat-dichloride-one-sip-can-kill
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4721173/


44World Animal Protection & Center for Biological Diversity Collateral Damage Report

225 EPA (2021). Draft National Level Listed Species Biological Evaluation for Clothianidin,  
available via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin. 

226 National Geographic (no date). “Ozark big-eared bat,” Web, last accessed 4 November, 2021  
via: https://www.nationalgeographic.com/animals/mammals/facts/ozark-big-eared-bat. 

227 EPA (2021). Draft National Level Listed Species Biological Evaluation for Clothianidin,  
available via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin. 

228 US Fish & Wildlife Service (no date). “New Mexico meadow jumping mouse,” Web, last accessed 4 November, 2021  
via: https://ecos.fws.gov/ecp/species/7965.

229 EPA (2021). Draft National Level Listed Species Biological Evaluation for Clothianidin, available via: https://www.epa.gov/en-
dangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin.

230 All About Birds (no date). “Whooping Crane,” Web, last accessed 28 October, 2021 via: https://www.allaboutbirds.org/guide/
Whooping_Crane/overview.

231 International Crane Foundation (no date). “Whooping Crane,” available via: https://savingcranes.org/species-field-guide/
whooping-crane/

232 Texas Parks & Wildlife (no date). “Whooping Crane,” available via: https://tpwd.texas.gov/huntwild/wild/species/whooper/

233 EPA (2021). Draft National Level Listed Species Biological Evaluation for Clothianidin,  
available via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin. 

234 The Nature Conservancy (no date). “Red-Cockaded Woodpecker,” Web, last accessed 09 November, 2021  
via: https://www.nature.org/en-us/get-involved/how-to-help/animals-we-protect/red-cockaded-woodpecker/. 

235 EPA (2021). Draft National Level Listed Species Biological Evaluation for Clothianidin,  
available via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin. 

236 US Fish & Wildlife Service (no date). “Fact Sheet, Rusty Patched Bumble Bee,” Web, last accessed 4 November, 2021  
via: https://www.fws.gov/midwest/endangered/insects/rpbb/factsheetrpbb.html. 

237 US Fish & Wildlife Service (no date). “Fact Sheet, Rusty Patched Bumble Bee,” Web, last accessed 4 November, 2021  
via: https://www.fws.gov/midwest/endangered/insects/rpbb/factsheetrpbb.html. 

238 EPA (2021). Draft National Level Listed Species Biological Evaluation for Clothianidin,  
available via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin. 

239 Minnesota Zoo (no date). “Poweshiek Skipperling,” Web, last accessed 09 November, 2021  
via: https://mnzoo.org/blog/animals/poweshiek-skipperling/. 

240 Minnesota Zoo (no date). “Poweshiek Skipperling,” Web, last accessed 09 November, 2021  
via: https://mnzoo.org/blog/animals/poweshiek-skipperling/. 

241 Minnesota Zoo (no date). “Poweshiek Skipperling,” Web, last accessed 09 November, 2021  
via: https://mnzoo.org/blog/animals/poweshiek-skipperling/. 

242 EPA (2021). Draft National Level Listed Species Biological Evaluation for Clothianidin, available via: https://www.epa.gov/en-
dangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin.

243 Center for Biological Diversity (no date). “Saving the California Tiger Salamander,” Web, last accessed 28 October, 2021 via: 
https://www.biologicaldiversity.org/species/amphibians/California_tiger_salamander/.

244 US Fish & Wildlife Service (no date). “California Tiger Salamander,” Web, last accessed 28 October, 2021 via: https://www.fws.
gov/sacramento/es_species/Accounts/Amphibians-Reptiles/ca_tiger_salamander/.

245 EPA (2021). Draft National Level Listed Species Biological Evaluation for Clothianidin, available via: https://www.epa.gov/endan-
gered-species/draft-national-level-listed-species-biological-evaluation-clothianidin. 

246 Center for Biological Diversity (no date). “Saving the Chiricahua Leopard Frog,” Web, last accessed 09 November 2021 via: 
https://www.biologicaldiversity.org/species/amphibians/Chiricahua_leopard_frog/index.html. 

https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin
https://www.nationalgeographic.com/animals/mammals/facts/ozark-big-eared-bat
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin
https://www.nature.org/en-us/get-involved/how-to-help/animals-we-protect/red-cockaded-woodpecker/
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin
https://www.fws.gov/midwest/endangered/insects/rpbb/factsheetrpbb.html
https://www.fws.gov/midwest/endangered/insects/rpbb/factsheetrpbb.html
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin
https://mnzoo.org/blog/animals/poweshiek-skipperling/
https://mnzoo.org/blog/animals/poweshiek-skipperling/
https://mnzoo.org/blog/animals/poweshiek-skipperling/
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin
https://www.biologicaldiversity.org/species/amphibians/Chiricahua_leopard_frog/index.html


45World Animal Protection & Center for Biological Diversity Collateral Damage Report

247 EPA (2021). Draft National Level Listed Species Biological Evaluation for Clothianidin, available via: https://www.epa.gov/endan-
gered-species/draft-national-level-listed-species-biological-evaluation-clothianidin. 

248 Center for Biological Diversity (no date). “Saving the Unarmored Threespine Stickleback,” Web, last accessed 10 November, 
2021 via: https://www.biologicaldiversity.org/species/fish/unarmored_threespine_stickleback/index.html. 

249 US Fish & Wildlife Service (2009). Unarmored Threespine Stickleback (Casterosteus aculeatus williamsoni) 5-Year Review: Summa-
ry and Evaluation. Available via: https://www.fws.gov/carlsbad/SpeciesStatusList/5YR/20090529_5YR_UTS.pdf. 

250 Pierre Mineau (2020). Neonicotinoids in California: Their Use and Threats to the State’s Aquatic Ecosystems and Pollinators, with a 
focus on Neonic-Treated Seeds. Pierre Mineau Consulting.

251 Pierre Mineau (2020). Neonicotinoids in California: Their Use and Threats to the State’s Aquatic Ecosystems and Pollinators, with a 
focus on Neonic-Treated Seeds. Pierre Mineau Consulting, p. 3.

252 EPA (2021). EPA Releases Draft Biological Evaluations of Three Neonicotinoids for Public Comment, Press Release, 26 August, 
2021, available via: https://www.epa.gov/pesticides/epa-releases-draft-biological-evaluations-three-neonicotinoids-public-comment. 

253 Center for Biological Diversity (2021). “EPA: Neonicotinoid Pesticides Harm Vast Majority of All Endangered Species,” Press 
Release, 26 August, 2021. Available via: https://biologicaldiversity.org/w/news/press-releases/epa-neonicotinoid-pesti-
cides-harm-vast-majority-of-all-endangered-species-2021-08-26/.

254 Center for Biological Diversity (2021). “EPA: Neonicotinoid Pesticides Harm Vast Majority of All Endangered Species,” Press 
Release, 26 August, 2021. Available via: https://biologicaldiversity.org/w/news/press-releases/epa-neonicotinoid-pesti-
cides-harm-vast-majority-of-all-endangered-species-2021-08-26/.

255 Center for Biological Diversity (2021). “EPA: Neonicotinoid Pesticides Harm Vast Majority of All Endangered Species,” Press 
Release, 26 August, 2021. Available via: https://biologicaldiversity.org/w/news/press-releases/epa-neonicotinoid-pesti-
cides-harm-vast-majority-of-all-endangered-species-2021-08-26/.

256 I. Laycock, K.M. Lenthall, A.T. Barratt, and J.E. Cresswell (2012). Effects of imidacloprid, a neonicotinoid pesticide, on reproduc-
tion in worker bumble bees (Bombus terristris), Ecotoxicology (May). Available via: https://link.springer.com/article/10.1007/
s10646-012-0927-y.

257  D. Fisher & T. Moriarty, eds. (2014). Pesticide Risk Assessment for Pollinators, 1st ed. John Wiley & Sons: pp 10-11.

258 M.R. Douglas, et al. (2020). County-Level Analysis Reveals a Rapidly Shifting Landscape of Insecticide Hazard to Honey Bees 
(Apis Mellifera) on US Farmland,” Scientific Reports, 10(1) (January 21): pp. 1-11. Available at: https://doi.org/10.1038/
s41598-019-57225-w. 

259 M.L. Hladik, M. Vandever, and K.L. Smalling (2016). Exposure of Native Bees Foraging in an Agricultural Landscape to Cur-
rent-Use Pesticides, Science of the Total Environment, 542 (January 15): pp. 469-477. Available via: https://doi.org/10.1016/j.
scitotenv.2015.10.077. 

260 M.L. Forister, et al. (2018). Larval Exposure to the Neonicotinoid Imidacloprid Impacts Adult Size in the Farmland Butterfly Pieris 
Brassicae, PeerJ6 (May 18): e4772

261 J.L. Larson, C.T. Redmond, and D.A. Potter (2012). Compartaive impact of an anthranilic diamide and other insecticidal chemis-
tries on beneficial invertebrates and ecosystem services in turfgrass, Pest Management Science, 68(5): pp. 740-748.

262 T.W. Leslie, D.J. Biddinger, J.R. Rohr, and S.J. Fleischer (2010). Conventional and Seed-Based Insect Management Strategies 
Similarly Influence Nontarget Coleopteran Communities in Maize, Environmental Entomology, 39(6): pp. 2045-2055; D.C. Peck 
(2009). Comparative impacts of white grub (Coleoptera: Scarabaeidae) control products on the abundance of non-target soil-ac-
tive arthropods in turfgrass, Pedobiologia, 52(5): p. 287-299.

263 D. Goulson (2014). Pesticides Linked to Bird Declines, Nature, 511(7509): pp. 295-296; K.V. Rosenberg, et al. (2019). Decline 
of the North American Avifauna, Science, 366(6461) (October 4): pp. 120-124.

264  C-J Hsiao, C-L Lin, T-Y Lin, S-E Wang, and C-H Wu (2016). “Imidacloprid toxicity impairs spatial memory of echolocation bats 
through neural apoptosis in hippocampal CA1 and medial entorhinal cortex areas,” NeuroReport, 27: pp. 462-468.

265 R.A. Choudhury, A.M. Sutherland, M.J. Hengel, M.P. Parrella, and W.D. Gubler (2020). Imidacloprid Movement into Fungal 
Conidia Is Lethal to Mycophagous Beetles, Insects, 11, 496.

https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clothianidin
https://www.biologicaldiversity.org/species/fish/unarmored_threespine_stickleback/index.html
https://www.fws.gov/carlsbad/SpeciesStatusList/5YR/20090529_5YR_UTS.pdf
https://www.epa.gov/pesticides/epa-releases-draft-biological-evaluations-three-neonicotinoids-public-comment
https://doi.org/10.1038/s41598-019-57225-w
https://doi.org/10.1038/s41598-019-57225-w
https://doi.org/10.1016/j.scitotenv.2015.10.077
https://doi.org/10.1016/j.scitotenv.2015.10.077


46World Animal Protection & Center for Biological Diversity Collateral Damage Report

266 P.R. Whitehorn, G. Norville, A. Gilburn, and D. Goulson (2018). Larval exposure to the neonicotinoid imidacloprid impacts adult 
size in the farmland butterfly Pieris brassicae, PeerJ 6: e4472. Available via: https://peerj.com/articles/4772/. 

267 EPA (2020). Imidacloprid Proposed Interim Registration Review Decision Case Number 7605 (January). Docket Number EPA-
HQ-OPP-2008-0844. Available via: https://www.epa.gov/sites/production/files/2020-01/documents/imidacloprid_pid_
signed_1.22.2020.pdf.

268 American Bird Conservancy (no date). “Neonics and Birds,” Web, last accessed 18 October, 2021  
via: https://abcbirds.org/neonics.

269 C. Roy, D. Chen, J. Ponder, and M. Jankowski (2016). Neonicotinoids on the landscape: evaluating avian exposure to treated 
seeds in agricultural landscapes, MN Department of Natural Resources. Web. Last accessed 25 August, 2021 via: https://files.
dnr.state.mn.us/wildlife/research/summaries/forest/2016_neonictoids.pdf. 

270 M. Hladik and D.W. Kolpin (2015). First National-Scale Reconnaissance of Neonicotinoid Insecticides in Streams across the USA, 
Environmental Chemistry, 13(1): 1220.

271 T.J. Schepker, et al. (2020). Neonicotinoid Insecticide Concentrations in Agricultural Wetlands and Associations with Aquatic 
Invertebrate Communities, Agriculture, Ecosystems & Environment, 287 (January 1): 106678.

272 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

273 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/. Based on an average of 40.5% of corn and 72% of soybeans produced in the US used for animal feed.

274 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

275 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

276 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

277 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC. P. 97.

278 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

279 National Pesticide Information Center (2011). Bifenthrin: General Factsheet. Last accessed 16 August 2021 via: http://npic.orst.
edu/factsheets/bifgen.html#env.

280 P.C. Mundy, M.F. Carte, S.M. Brander, T-C Hung, N. Fangue, R.E. Connon (2020). Bifenthrin exposure causes hyperactivity in 
early larval stages of an endangered fish species at concentrations that occur during their hatching season, Aquatic Toxicology, 
228 November. Available via: https://www.sciencedirect.com/science/article/abs/pii/S0166445X20303611.

281 Y. Yang, N. Wu, and C. Wang (2018). Toxicity of the pyrethroid bifenthrin insecticide, Environmental Chemistry Letters, 16: pp. 
1377-1391. Available via: https://link.springer.com/content/pdf/10.1007/s10311-018-0765-0.pdf.

282 Y. Yang, N. Wu, and C. Wang (2018). Toxicity of the pyrethroid bifenthrin insecticide, Environmental Chemistry Letters, 16: pp. 
1377-1391. Available via: https://link.springer.com/content/pdf/10.1007/s10311-018-0765-0.pdf.

283 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

284 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

285 https://hygeia-analytics.com/tools/puds/by-crop/

286 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

287 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

288 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

289 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

290 J. Chen. (2019). Global Market for Agrochemicals. BCC Research LLC.

https://peerj.com/articles/4772/
https://files.dnr.state.mn.us/wildlife/research/summaries/forest/2016_neonictoids.pdf
https://files.dnr.state.mn.us/wildlife/research/summaries/forest/2016_neonictoids.pdf
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/
https://hygeia-analytics.com/tools/puds/by-crop/


47World Animal Protection & Center for Biological Diversity Collateral Damage Report

291 Hygeia Analytics. Pesticide Use Data System. Last accessed 26 July 2021.  Available at: https://hygeia-analytics.com/tools/
puds/by-crop/.

292 EPA (2020). Imidacloprid Proposed Interim Registration Review Decision Case Number 7605 (January). Docket Number EPA-
HQ-OPP-2008-0844. Available via: https://www.epa.gov/sites/production/files/2020-01/documents/imidacloprid_pid_
signed_1.22.2020.pdf. 

293 EPA (2020). Clothianidin and Thiamethoxam Proposed interim Registration Review Decision Case Humbers 7620 and 7614 
(January): Docket Numbers EPA-HQ-OPP-2011-0865 and EPA-HQ-OPP-2011-0581. Available via: https://www.epa.gov/sites/
default/files/2020-01/documents/clothianidin_and_thiamethoxam_pid_final_1.pdf. 

294 EPA (2020). Clothianidin and Thiamethoxam Proposed interim Registration Review Decision Case Humbers 7620 and 7614 
(January): Docket Numbers EPA-HQ-OPP-2011-0865 and EPA-HQ-OPP-2011-0581. Available via: https://www.epa.gov/sites/
default/files/2020-01/documents/clothianidin_and_thiamethoxam_pid_final_1.pdf

295 S. Mourtzinis, et al (2019). “Neonicotinoid seed treatments of soybean provide neglibble benefits to US farmers,” Scientific  
Reports, 9, available via: https://www.nature.com/articles/s41598-019-47442-8.epdf.

296 M.R. Douglas and J.F. Tooker (2015). “Large-Scale Deployment of Seed Treatments Has Driven Rapid Increase in Use of Neonico-
tinoid Insecticides and Preemptive Pest Management in U.S. Field Crops,” Environ. Sci. Technol., 49(8): pp. 5088-5098, available 
via: https://pubs.acs.org/doi/10.1021/es506141g

297 E. Unglesbee (2021). “Treated Seed Troubles,” Progressive Farmer, Web, 14 July, 2021. Last accessed 20 October, 2021 via: 
https://www.dtnpf.com/agriculture/web/ag/crops/article/2021/07/13/seed-treatment-overload-unintended. 

298 Center for Food Safety (2021). Comments on draft Biological Evaluations for the neonicotinoid insecticides clothianidin, imidaclo-
prid, and thiamethoxam, Docket EPA-HQ-OPP-2021-0575, submitted 25 October 2021.

299 EPA (2021). Draft National Level Listed Species Biological Evaluation for Clothianidin: Appendix 1-4. Usage Data for Clothianidin 
– SUUM, available via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-clo-
thianidin#chap3. 

300 EPA (2021). Draft National Level Listed Species Biological Evaluation for Imidacloprid: Appendix 1-4. Usage Data for Imidaclo-
prid – SUUM, available via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-im-
idacloprid. 

301 EPA (2021). Draft National Level Listed Species Biological Evaluation for Thiamethoxam: Appendix 1-4. Usage Data for Thiame-
thoxam – SUUM, available via: https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evalua-
tion-thiamethoxam. 

https://www.epa.gov/sites/production/files/2020-01/documents/imidacloprid_pid_signed_1.22.2020.pdf
https://www.epa.gov/sites/production/files/2020-01/documents/imidacloprid_pid_signed_1.22.2020.pdf
https://www.epa.gov/sites/default/files/2020-01/documents/clothianidin_and_thiamethoxam_pid_final_1.pdf
https://www.epa.gov/sites/default/files/2020-01/documents/clothianidin_and_thiamethoxam_pid_final_1.pdf
https://www.epa.gov/sites/default/files/2020-01/documents/clothianidin_and_thiamethoxam_pid_final_1.pdf
https://www.epa.gov/sites/default/files/2020-01/documents/clothianidin_and_thiamethoxam_pid_final_1.pdf
https://www.dtnpf.com/agriculture/web/ag/crops/article/2021/07/13/seed-treatment-overload-unintended
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-imidacloprid
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-imidacloprid
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-thiamethoxam
https://www.epa.gov/endangered-species/draft-national-level-listed-species-biological-evaluation-thiamethoxam


535 Eighth Avenue, 3rd Floor,
New York, NY 10018

Phone: 646-783-2800

Email: info@worldanimalprotection.us

World Animal Protection US

@MoveTheWorldUS

worldanimalprotectionus

worldanimalprotectionus


