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Pesticide Report
About Consumer Reports’ Food Work 

and Its Food Safety and Sustainability Center

Consumer Reports has been concerned about the quality and safety of 
the food supply since its earliest years. It did pioneering research on the presence 
of nuclear fallout in the American diet (Strontium-90) in the 1950s and 1960s, 
which helped build support for the Test Ban Treaty of 1963. The magazine’s 1974 
landmark series on water pollution played a role in the Safe Drinking Water Act. 
The organization has been testing meat and poultry for pathogens and antibiotic 
resistance for more than 15 years and has used its research to successfully fight 
for reforms such as the 2010 campylobacter standard for chicken and turkey, 
the 2011 Food Safety Modernization Act, and improvements to the salmonella 
standards. 

In 2012, Consumer Reports launched its Food Safety and Sustainability Center 
to fight for sweeping, systemic change and address the root causes of problems 
plaguing the food system. The Center’s work focuses on issues including food-
borne illness and antibiotic resistance; pesticide use; heavy metals (mercury, 
lead, arsenic); truth and transparency in labeling; and promoting more sustain-
able agricultural practices that advance the marketplace, such as animal welfare, 
organic farming, and fair trade. At the core of the Center’s work is the principle 
that there is a clear intersection between how food is produced and the impact on 
public health.
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Introduction:         
Produce Matters 
Fruits and vegetables are a crucial part of a 

healthy diet. In 2015, a report on government 
dietary guidelines concluded that high levels of 
fruit and vegetable consumption are strongly 
or moderately associated with decreased risks 
of chronic diseases such as heart disease, high 
blood pressure, type 2 diabetes, obesity and 
cancer. The report also cites emerging evidence 
that suggests that dietary patterns with high 
fruit and vegetable consumption may decrease 
the likelihood of congenital anomalies as well as 
neurological and psychological diseases. 

Unfortunately, Americans eat far too few fruits 
and vegetables. In fact, 80 percent of Americans 
fail to consume the daily recommended number 
of servings of fruit (1.5 to 2.5 cups for adults), and 
90 percent fail to meet the daily recommended 
number of servings of vegetables (2 to 3.5 cups 
for adults). That means we are not even close 
to what some studies suggest may be the ideal 
number of servings of fruits and vegetables per 
day: 7 or more.1 One simple thing you can do to 
be healthier and live longer is to eat a diet rich in 
fruits and vegetables.

Unfortunately, not all produce is created equal, 
and a key part of understanding the health of 
the produce we eat is to understand how it is 
produced. Since the industrial revolution, chem-
ical-based pesticides have been used extensively 
in crop production. Farmers use nearly 700 
million pounds of pesticides every year.2

We have come to learn that the widespread 
use of pesticides in crop production comes with 
a range of consequences that should affect our 
thinking on how crops should be produced. It 
also highlights the connections between prac-
tices on the farm and what ends up on our table. 
In an ideal world, pesticides sprayed on a farm 
field would kill only the targeted pests, then 
disappear. That, unfortunately, is not the case. 
Pesticides can harm their intended targets as 
well as nontargeted living organisms. Pesticides 
used in agriculture can contaminate not only 
our food but also the environment, and they’re 
widely present in the air, rain, and rivers. Their 
use affects not only the consumers who eat the 
treated crops but also farmworkers, rural resi-
dents, wildlife, and pollinators that are exposed. 

The good news is that over the past two 



decades, there has been quite a 
bit of progress addressing the 
use of some of the most toxic 
pesticides we initially called 
out in our 1998 report, Worst 
First. That report identified 
40 specific insecticide uses on 
nine fruit and vegetable crops 
that, together, accounted for a 
very large portion of children's 
overall dietary insecticide 
exposure and risk. But more 
work needs to be done so that 
we can maximize the benefits 
of eating produce, making our 
produce choices even healthier.  

We also know from a Con-
sumer Reports April 2014 
national survey that consumers 
expect more when shopping 
for food. Eighty-nine percent 
of people think it is critical 
to protect the environment 
from chemicals. In addition, 
86 percent think it is critical to 
reduce pesticide exposure and 
support fair working condi-
tions.3 Those statistics indicate 
an overwhelming consumer 
demand for food produced in 
a way that is more sustainable 
and healthier for the environ-
ment, workers, and consumers.

This report discusses the 

range of issues associated with 
chemicals used to grow and 
market the majority of fruits 
and vegetables in the U.S. It 
also takes a close look at the 
specific risks of individual 
crops, including where and how 
they are produced. We describe 
the effects of these chemi-
cals on the environment and 
human health, and the impor-
tance of decreasing our use 
and exposure to these pesti-
cides. We also discuss emerging 
science on the potential harms 
that can’t be quantified at this 
time but, again, can guide us 
to make better decisions from 
crop to table. 

Ideally you wouldn’t have 
to worry about the potential 
hazards associated with pesti-
cide use in fruit and vegetable 
production. We offer important 
recommendations for systemic 
policy changes that would 
better protect public health, but 
until that happens, we provide 
you with advice on how to 
reduce your exposure. 

In our judgment, the best way 
to maximize the nutritional 
benefit from fruits and vege-
tables while minimizing the 

negative effects of pesticides on 
the health of the environment, 
workers, and yourself is to buy 
organic. Federal law requires 
that food labeled as “organic” 
must be grown and handled 
without the use of synthetic 
chemicals, including synthetic 
pesticides, with very few excep-
tions.4 Studies have shown 
that people who eat organic 
fruits and vegetables reduce 
their exposure to pesticide 
residues.5-7 

We do recognize that organic 
can cost more, and organic 
options may not always be 
available to all consumers, so 
we give you advice on how 
to find nonorganic produce 
items with the lowest levels of 
harmful pesticides. We also 
underscore that even eating 
conventionally produced fruits and 
vegetables is always healthier than 
not eating any. This report seeks 
to empower you, so you can 
make more informed decisions 
about the produce you eat and 
the policies that have an impact 
on their production. Together, 
we believe we can create a 
healthier food system. 

The Intersection of Safety and Sustainability: 
Why Pesticides Are a Bad Deal

When chemical pesticides 
became widely available 

in the mid-20th century, the 
dominant approach to pest 
control in agriculture shifted. 
Farming practices that nat-
urally prevent and control 
serious pest problems, such as 
rotating crops, planting cover 
crops, providing habitat for 
pest predators, maintaining 
diversity on the farm, select-
ing crops suited for particular 

growing conditions and 
regions, scouting for pests, 
and labor-intensive weeding, 
fell out of favor. Farmers 
no longer needed to rely on 
those farming practices. They 
could plant vast fields of single 
crops—monoculture—and 
focus on exterminating pests 
through chemical means.

The chemical approach to 
pest control, however, has 
backfired. It has been shown 

to be unsustainable because 
it ignores a basic reality that 
governs the natural world: 
adaptation. Within a decade, 
many pests will adapt and 
develop resistance to the pes-
ticides designed to kill them.8 
The National Academy of 
Sciences writes that “pesticide 
resistance is now universal 
across taxa.”9 It typically takes 
less than a decade for insects 
to develop resistance to an 

insecticide, sometimes as few 
as three to four years.10 

The constant and inevitable 
evolution of resistance and 
the resulting need to develop 
and apply new chemicals has 
put farmers on what has been 
referred to as a “pesticide 
treadmill.” That continued 
use and development of new 
pesticides comes at the expense 
of public health and the envi-
ronment, which requires long-
term testing and caution for 
maximum protection. Living 
organisms are complex, and it 
takes time to come to a thor-
ough understanding of the 
often subtle ways that pesti-
cides do harm. It was only after 
it was banned that the carcino-
genic effects of DDT, and its 
effects on the endocrine system, 
became clear. As history shows, 
specific pesticides are approved, 
and millions of pounds are 
released into our environ-
ment and food supply, before 
scientists have thoroughly 
researched and understood 
their wide-ranging and long-
term effects. We cannot assume 
that the safety tests required 
today will capture the full 
spectrum of negative effects 
and adequately protect us from 
those harmful effects.11, 12

Meanwhile, the long-term 
negative effects of pesticides on 
nontarget organisms—includ-
ing humans—can linger longer 
than their effectiveness against 
the pests they are intended to 
kill. We are still living with 
the consequences of the pes-
ticides that were used gener-
ations ago. Though inorganic 
arsenic-based pesticides were 
popular in the early 20th 
century and are no longer used 
(they were banned in the U.S. 
in the 1980s), arsenic continues 
to contaminate orchards and 
farm fields.13, 14 Today arsenic is 

considered a known carcinogen 
implicated as a risk factor for 
lung, bladder, and skin cancer, 
as well as a risk for other dis-
eases such as cardiovascular 
disease and diabetes.15 In part 
because of its use as a pesticide 
in the past and the present, it is 
found in measurable amounts 
in highly consumed foods such 
as apple juice and rice.16

Likewise, the use of DDT in 
the mid-20th century con-
tinues to affect public health 
and the environment today. 
Though DDT was banned more 
than 40 years ago, its break-
down product continues to be 
found in certain foods, such 
as dairy, potatoes, and meat,17 
and consumers are still at 
significant risk of exposure.18 
Recent reports show that birds 
are still dying from DDT in 
towns where the pesticide was 
manufactured more than 50 
years ago.19 Despite those clear 
lessons from history, the cycle 
continues. 

Based on history, two things 
are certain: Pesticides even-
tually lose their effectiveness, 
and the full extent of negative 
effects on human health and 
the environment will eventu-
ally come to light—probably 
after the pesticide is no longer 
effective and has been replaced 
by something new and dif-
ferently toxic. We believe it 
is important to step off the 

“pesticide treadmill” and break 
the cycle.

Consumers can play a key 
role in breaking this cycle by 
buying foods grown without 
the use of industrial and toxic 
pesticides.

Pesticides Used 
Before and After 
Plant Cultivation
When people think of pesticides 
applied to crops, they probably 
picture an airplane flying over 
a farm field, or a truck with 
a sprayer driving through an 
orchard, spraying pesticides 
on the crops while they are 
growing. But in the case of 
many pesticides, application is 
often applied to seeds, soil, and 
crops before and after the actual 
growing period.

For example, on some fruits 
and vegetables, one-third to 
one-half of the residues are from 
pesticides that were not applied 
in the fields or orchards but in 
storage.20 

Some pesticides applied 
in storage target insects, but 
others are used to lengthen the 
shelf life of the produce. For 
example, many types of fruit, 
such as oranges and peaches, 
are treated with a fungicide 
to inhibit mold.21 Chemicals 
can also be applied to vege-
tables after harvest to prevent 
sprouting.22

In the case of seeds, fungi-
cides may be applied during 
storage to prevent molding, or 
the seeds may be individually 
coated in pesticides as a pro-
phylactic pest treatment.23 Addi-
tionally, pesticides in the form of 
gas, known as fumigants, are 
often injected into the soil prior 
to planting to sterilize the fields 
from subterranean pests.24
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Farmers use 
nearly 700 
million pounds 
of pesticides 
every year.25

Homes: 2,4-D, 
a chlorophenoxy 
herbicide, has been 
found in dust samples 
from vacuum cleaners 
in 95 percent of homes 
near farms in Iowa.27 

Wildlife: 
Complex 
mixtures of 
pesticides 
have been 
detected in 
the tissues of 
wildlife.35

Air: Five 
pesticides were 
detected in more 
than half of air 
and rain samples 
in Mississippi.26

Water: The U.S. 
Geological Survey 
found neonicotinoid 
insecticides in water 
from every one of the 
nine streams tested in 
the Midwest.28

Rain: Researchers 
found glyphosate, 
a commonly used 
herbicide, in 60 to 
100 percent of air and 
rain samples in Iowa 
and Mississippi.29 

Did You Know?
•  The national Centers for Disease 
Control and Prevention (CDC) has found 
that 29 different pesticide metabolites—
the components of pesticides that 
remain in the environment or body after 
they are broken down—are present in 
the bodies of most Americans.36

•  Approximately 40 different EPA-
registered pesticides currently on 
the market are classified as known, 
probable, or possible human 
carcinogens.37

•  Pesticides may induce chronic 
health complications in children, 
including neurodevelopmental or 
behavioral problems, birth defects, 
asthma, and cancer.38

Our bodies: 
Organophosphate 
pesticide 
metabolites have 
been detected in 
the urine of children 
and adults.30, 31, 32

Our food: More than 
half of food samples 
(52.6 percent) tested 
for pesticide residues 
by the Department of 
Agriculture in 2012 
contained at least one 
pesticide, and almost 
one-third (29 percent) 
contained residues 
of two or more 
pesticides.33

Drinking water: 
The herbicide 
atrazine has 
been found in 
groundwater 
and rural water 
supplies.34

Human Health Concerns
pesticides are unique 

among manufactured 
chemical products. Unlike 
other chemical products that 
are designed for a certain 
purpose and may have toxic 
properties as an unintended 
side effect, pesticides are inten-
tionally toxic—toxic by design. 
They are made to interfere with 
biological functions in living 
organisms and are manufac-
tured and released into our 
environment and food supply 
not in spite of their toxicity but 
because of their toxicity. 

Fully understanding and 
documenting the full range of 
negative effects on nontargeted 
living organisms—including 
humans—requires long-term 
and in-depth study. Because 
of the inherent toxicity of 
pesticides, medical and public 
health experts have long raised 
concerns.

For example, the American 

Academy of Pediatrics (AAP) 
points out that there is “a 
growing body of literature that 
suggests that pesticides may 
induce chronic health compli-
cations in children, including 
neurodevelopmental or behav-
ioral problems, birth defects, 
asthma, and cancer.”39 

The President’s Cancer Panel 
of the National Institutes of 
Health writes that exposure to 
pesticides has been linked to 
brain/central nervous system, 
breast, colon, lung, ovarian, 
pancreatic, kidney, testicular, 
and stomach cancers, as well 
as Hodgkin and non-Hodgkin 
lymphoma, multiple myeloma, 
and soft tissue sarcoma.40 
Approximately 40 different 
EPA-registered pesticides that 
are currently on the market 
are classified as known, prob-
able, or possible human 
carcinogens.41

Although 40 known, 

probable, or possible human 
carcinogens may be a discon-
certing number in and of itself, 
it occupies a small percent-
age of the approximately 900 
registered active ingredients 
in use today.42 Unfortunately, 
many of these chemicals have 
not been proved noncarcino-
genic but rather fall into the 
cancer classifications of “not 
likely to be carcinogenic to 
humans” and “not classifiable” 
(because of a lack of sufficient 
information on which to base 
an assessment).43

The Environmental Protec-
tion Agency (EPA) acknowl-
edges that the associations 
between pesticide exposure and 
certain cancer and noncancer 
chronic health effects are well 
documented in the peer-re-
viewed literature and sets toler-
ance levels for residues to try to 
protect the public and environ-
ment from adverse effects.44

Weighing Human Health in Pesticide Approvals
the epa approves and sets 

tolerances for pesticides. 
Its regulatory authority comes 
from two federal laws: the 
Federal Insecticide, Fungicide, 
and Rodenticide Act (FIFRA) 
and the Federal Food, Drug, 
and Cosmetics Act (FFDCA).45

FIFRA authorizes the EPA to 
approve or deny the registra-
tion and use of any pesticide.46 
While decisions to approve or 
prohibit a pesticide are based 
on a risk-benefit approach, 
FIFRA does not limit the 
decision to approve a pesticide 
solely on the human health or 
environmental risks of pesti-
cides. Instead FIFRA also states 
that “benefits of the use of the 

pesticide” must be consid-
ered.47, 48

A problem with that 
approach is that the benefits are 
assessed under the assumption 
that farmers must have chem-
icals for pest control.49 The 
availability and feasibility of 
“alternatives,” including alter-
native practices used in organic 
agriculture, do not appear to 
be given much weight when 
considering the benefits of the 
chemical.50 And although the 
EPA’s mission is “to protect 
human health and the envi-
ronment,”51 the law governing 
the EPA’s approach to pesticide 
regulation does not require that 
the risks to human health and 

the environment be prioritized 
over “benefits” in the deci-
sion-making process.52 
One of the ways EPA tries 
to balance the health risks 
and purported benefits is to 
set tolerance levels for most 
pesticides when they become 
registered. Tolerances are the 
maximum amount of the pes-
ticide residue that is allowed to 
occur on a food, and that is an 
amount that the EPA expects 
with reasonable certainty to 
cause no harm. If levels above 
a tolerance are found, the 
government can take enforce-
ment actions. Tolerances are 
based on a risk assessment 
conducted by the EPA that 
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takes into account a number of 
factors, including how much 
of the pesticide is used, how 
much is found on food, and 
the toxicity of the chemical.53 
The toxicity is determined 
by reviewing multiple toxi-
cology studies conducted on 
animals. Typically the agency 
will determine what the lowest 
dose of the chemical is that can 
have an effect on animals and 
then apply additional safety or 
uncertainty factors. The factors 
are applied for many reasons, 
including the uncertainty 
inherent to extrapolate animal 
studies to humans.54      

Of course, those tolerance 
levels are only as good as the 
data on which they are based. 
Much of the scientific evidence 
and data that EPA reviews and 
relies upon in making its deci-
sion during the risk assessment 
are provided by the companies 
seeking pesticide registration.55 
And it is that initial submission 
of evidence and data that will 
continue to form the basis for 
re-evaluations and reviews in 
the future, despite the potential 
for the data to become outdated 
as scientific techniques and 
our understanding of pesticide 
toxicity evolves.56 

Another limitation is that 
for some effects, animal 
models may not be adequate 
for evaluating the effects on 
humans, such as the devel-
opment of neurological dis-
eases and the disruption of 
the human hormone system 
(endocrine disruption). There 
is widespread agreement in 
the scientific community that 
traditional safety testing does 
not adequately capture the 
effects of endocrine disrupt-
ing chemicals. A report by the 
World Health Organization 
and the United Nations Envi-
ronmental Programme states: 

“For a large range of human 
health effects, such as female 
reproductive disorders and 
hormonal cancers, there are no 
viable laboratory models. This 
seriously hampers progress in 
understanding the full scale of 
risks.”57

The endocrine disruption 
effects of DDT are a good 
example of that issue. DDT was 
banned decades ago because 
it persists in the environ-
ment, accumulates in fatty 
tissues, and can cause adverse 
health effects on wildlife.58 
But it wasn’t noted until well 
after its ban that it could have 
subtle but important effects on 
pregnancy, birth weight, and 
lactation.59  

Traditional safety testing 
also assumes that higher doses 
are more harmful than lower 
doses.60 Yet in 2000, an inde-
pendent panel of experts con-
vened by the National Institute 
of Environmental Health Sci-
ences and the National Toxicol-
ogy Program found that some 
endocrine disrupting chemicals 
defy that convention and can 
have effects at very low levels, 
even below the “no effect” levels 
determined by traditional toxi-
cology testing methods.61  

In addition, while our ability 
to understand the true toxic-
ity of individual pesticides is 
limited, mixtures of pesticides 
present an even greater chal-
lenge to toxicologists.62 Unfor-
tunately, finding mixtures of 
multiple pesticide residues 
on one type of produce is the 
rule and not the exception. In 
addition, consumers probably 
consume multiple produce 
items with multiple different 
residues on them. 

Numerous studies have 
reported that exposure to a 
combination of pesticides will 
have unique effects and that 

mixtures of pesticides could 
have “greater than additive” 
effects.63 Those combined 
effects are often termed “syn-
ergistic” effects. In addition, 
pesticides are formulated 
products, which means they 
are mixtures with an active 
ingredient and many “inert” 
ingredients.64

Yet the effects of chemical 
mixtures are largely untested 
and unknown,65 and “mixture 
assessment” is an evolving 
discipline within toxicology.66 
Testing is generally done on 
individual pesticides rather 
than on mixtures, and on the 
active ingredient alone, rather 
than on the final product with 
inert ingredients.67

The active ingredients may 
be tested alone for toxicology 
studies, but the inert ingredi-
ents may also be toxic them-
selves.68 And unlike the active 
ingredients, inert ingredient 
disclosure on pesticides labels 
is not required (because of 
confidential business infor-
mation protections), making 
it almost impossible for the 
public or independent scientists 
to assess exposure and adverse 
impacts.69

And finally, the EPA contin-
ues to make decisions based 
on incomplete safety informa-
tion. For example, the agency 
approved the now widely used 
neonicotinoid pesticide imi-
dacloprid, even though the 
EPA stated in a 2008 review 
that “the existing hazard data 
base for imidacloprid does 
not include any immunotox-
icity data,” and “therefore, an 
immunotoxicity study will be 
required.”70 Despite incomplete 
data, the EPA has approved the 
pesticide, and residues appear 
in and on the foods that Amer-
icans eat.71

PESTICIDE TERMINOLOGY
Types of Pesticides 

pesticide: A general term for products that control pests. Pesticides can target insects (“insec-
ticides”), plants (“herbicides”), fungi (“fungicides”), or other pests.72

Fumigant: A pesticide that produces gas or vapor intended to destroy pests.

herbicide: These products kill weeds and other plants that grow where they are not wanted.

insecticide: These products kill insects and other arthropods.

Fungicide: Kills fungi (includes blights, mildews, molds, rusts).

Classes of Insecticides

organochlorine pesticides: A class of insecticides commonly used in the mid-20th century. 
They’re very harmful to wildlife, especially birds of prey. Almost all have been banned or phased 

out in the U.S.73, 74

carbamate pesticides: A class of pesticides that affects the nervous system of insects by 
disrupting an enzyme that regulates acetylcholine, a neurotransmitter also found in the nervous 

system of mammals (including humans).75, 76

organophosphate pesticides: A class of pesticides that affect the nervous system by disrupt-
ing an enzyme that regulates acetylcholine, a neurotransmitter also found in the nervous system 

of mammals (including humans). They were developed prior to World War II as nerve gas, and they 
were developed as insecticides because of their similar toxic effects on insects.77

pyrethroid pesticides: A class of pesticides that is the synthetic version of a naturally occur-
ring pesticide found in chrysanthemum flowers. The synthetic version resists degradation by 

sunlight and persists in the environment.78

n eonicotinoid pesticides: A class of pesticides with a common mode of action that affects the 
central nervous system of insects, causing paralysis and death. Neonicotinoids are a relatively 

new class of pesticides and are used heavily as a replacement for older pesticides that have lost their 
effectiveness. Neonicotinoids are implicated in honeybee deaths and colony collapse disorder.79
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Organophosphate Pesticides

☛ Organophosphate pesticides are toxic 
to the neurological system. 

☛ 33 million pounds of organophos-
phate pesticides were used in the U.S. in 
2007.98

☛ Organophosphate pesticides are pro-
hibited on organic farms.

☛ Children who eat organic fruits and 
vegetables drastically reduce their exposure 
to organophosphate pesticides.

☛ Organophosphate pesticide metab-
olites are detected in the urine of children 
who eat conventional fruits and vegetables. 

☛ Children with higher levels of organo-
phosphate pesticide metabolites in their 
urine were more likely to be diagnosed 
with attention deficit hyperactivity disorder 
(ADHD) in a 2010 study.99

Most insecticides 
have neurotoxic 
potential, and 
children can be 
especially 
vulnerable, 
because of 
their stage of 
development, 
differences in 
metabolism, 
and inability 
to detoxify 
compounds.

Risks to Young Children
In a 1993 National Research Council report, 
public health experts articulated their concern 
that infants and children can be especially vul-
nerable to the effects of pesticides.80 In 2012 the 
American Academy of Pediatrics reiterated that 
point, based on a growing body of scientific lit-
erature that links pesticide exposure to chronic 
health complications in children, including neu-
rodevelopmental or behavioral problems, birth 
defects, asthma, and cancer.81

Most insecticides have neurotoxic poten-
tial, and children can be especially vulnerable 
because of their stage of development, differ-
ences in metabolism, and inability to detoxify 
compounds.82 Infants and children also eat more 
food per pound of body weight than adults. 
There are other, less obvious, reasons children 
may be more vulnerable to pesticide exposure. 
Children’s bodies have much lower levels of 
detoxifying enzymes that deactivate widely used 

pesticides.83-86 Children may also be vulnerable 
because their immune and nervous systems 
are still developing, in some cases through 
adolescence.87

 Some of the most widely used insecticides, 
such as chlorpyrifos,88 belong to a class of pes-
ticides called organophosphates.89 Those pesti-
cides are designed to interfere with nerve trans-
missions in insects—enough that it kills them. 
But the enzymes that those pesticides target in 
insects are also found in the nervous systems of 
mammals, including humans.90 The Environ-
mental Protection Agency readily acknowledges 
that organophosphates are neurological toxi-
cants to mammals.91

The National Institutes of Health (NIH) has 
voiced concern that studies in animals show 
that “even a single, low-level exposure to certain 
organophosphates, during particular times of 
early brain development, can cause permanent 
changes in brain chemistry as well as changes in 
behavior, such as hyperactivity.”92 And the NIH 

has pointed out that early childhood exposures 
to certain organophosphate pesticides, which 
can go undetected because of the lack of overt 
symptoms, can lead to lasting effects on learn-
ing, attention, and behavior.93

Research is now beginning to show adverse 
effects on the neurological development of 
children who are exposed to organophosphate 
pesticides from the foods they eat. A 2010 study 
by researchers at the Harvard School of Public 
Health found that children with higher levels of 
organophosphate pesticide metabolites in their 
urine were more likely to be diagnosed with 
attention deficit hyperactivity disorder (ADHD). 
Their conclusion: “These findings support the 
hypothesis that organophosphate exposure, at 
levels common in U.S. children, may contribute 
to ADHD prevalence.”94

Other types of pesticides, including those 
belonging to the neonicotinoid class, which 
are supposedly safer alternatives to organo-
phosphates, also target the nervous system 
and are potentially harmful.95 There are few 
studies on the precise effects of neonicotinoids 
on mammals, and emerging developmental 
neurotoxicity studies raise concerns that these 
pesticides may adversely affect human health, 
especially the developing brain.96, 97
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Food Quality Protection Act (1996): 
Focus on Protecting Children 
In 1996, Congress unanimously passed the 
Food Quality Protection Act (FQPA), which 
amended two existing laws that address pes-
ticides (the Federal Insecticide, Fungicide, 
and Rodenticide Act and the Federal Food, 
Drug, and Cosmetics Act).100

The FQPA required the EPA to ensure that 
pesticide tolerances are safe for all vul-
nerable populations, including infants and 
children. When setting tolerance levels for 
residues on foods, the law requires that the 
EPA account for aggregate exposure from 
multiple sources of pesticide residues and 
apply an additional tenfold safety factor to 
the “reasonable certainty of no harm” toler-
ance-setting calculations, unless reliable and 
sufficient information exists for the agency 
to determine that another factor provides 

adequate protection.101 That is to account 
for the unique risks faced by infants and 
children and to ensure that all sources of 
pesticide residue consumption and exposure 
(food, water, residential uses) are included in 
the calculations.102

In 2001 Consumer Reports reported 
that in more than two-thirds of decisions 
on organophosphate pesticides, the EPA 
did not apply a tenfold safety factor. The 
EPA applied a tenfold safety factor in only 
16 percent of decisions, and in another 16 
percent of decisions, the EPA applied a 
threefold safety factor.103 

As of 2006, it appears that the FQPA has 
led to a reduction in pesticide dietary risks, 
especially from domestic produce.104, 105

Q&A With Dr. Charles Benbrook 
Q&A with Dr. Charles Benbrook on the progress since passage of legislation in 1996 mandating a 
reduction in pesticide use, with a special focus on crops affecting children and the challenges that still lie 
ahead.

Dr. Benbrook has been a collaborator on this project and is the co-author of Consumer Reports’ 1998 
groundbreaking pesticide report, Worst First.

CR: What are the victories since the passage of FQPA almost 20 years ago? What 
progress have we seen? 
Benbrook: Getting the EPA focused and moving to better protect vulnerable populations, especially 
pregnant women, infants, and children, was by far Consumer Reports’ most important accomplishment. 
In a 1998 report called Worst First (WF), Consumer Reports urged the EPA to act quickly and aggres-
sively in reducing, or better yet eliminating, the major children’s food uses of the most toxic half-dozen 
organophosphate (OP) insecticides. The seminal 1993 NAS report “Pesticides in the Diets of Infants and 
Children” explained the compelling scientific case for action against the top OP risk drivers. The report 
named names and identified 40 pesticide-food combinations then accounting for disproportionally high 
risks to infants, children, and pregnant women. OPs accounted for 25 of those 40 pesticide-food combi-
nations. Carbamate insecticides were the risk drivers in 13 more.

Since FQPA implementation began in 1996, U.S. growers have eliminated 99 to 100 percent of the 
risk stemming from 16 of the 40 Worst First pesticide uses. Overall among conventional farmers in the 
U.S., the cumulative risk accounted for by the 40 WF uses went down 85 percent. Consumer Reports 
obviously picked the 40 WF uses well, because they accounted for 66 percent of overall risk in 1996, 
across all 200-plus pesticides applied on 150-plus foods.

Taking into account both domestically grown and imported conventional foods, 40 WF risk fell 77 
percent, and overall dietary risks were reduced 81 percent from 1996 to 2013.

But Department of Agriculture (USDA) pesticide residue data shows that there is unfinished business, 
still, on the 40 WF uses. Those uses accounted for 60 percent of overall risk in 1996, and though risks 
have gone down 81 percent since 1996, the 40 WF still account for 70 percent of total risk in 2013.

CR: What challenges still remain? What crop/pesticide combinations are still being used 
that are harmful to consumers, especially the most vulnerable populations?
Benbrook: Acephate, and its breakdown product methamidophos, on green beans was the No. 1 
risk driver in 2013. That use accounted for around one-half of total risk across all pesticides and food. 
Residues and risk stemming from a half-dozen post-harvest fungicides applied in packing sheds and 
warehouses are a growing concern. Iprodione residues in fruits such as plums, nectarines, and peaches 
account for 10 percent or more of annual, overall risks. Fludioxonil, another packing-shed fungicide, is 
also often found in soft-skinned fruits, and a third fungicide, imazalil, is a problem in bananas, citrus, and 
some other fruits. The very high-risk insecticides chlorpyrifos and oxamyl still show up regularly in pep-
pers, squash, and several other fruits and vegetables.

There are growing reasons for concern about residues of the widely used herbicide glyphosate as 
well, along with the half-dozen systemic insecticides in the nicotinyl family (the pesticides implicated in 
honeybee colony collapse disorder). While glyphosate and the nicotinyls are not nearly as toxic ounce for 
ounce as the 40 WF OPs, there are far more residues of both in the U.S. food supply and drinking water 
than of the OPs, even back in the mid-1990s. Risk, after all, is a function of dose, toxicity, and time of 
exposure (i.e., a person’s age and health status). The EPA needs to finish the job of getting the rest of the 
WF risk driver uses out of the food supply. Then it needs to sharpen its focus on the handful of pesticides 
used in conjunction with GE (genetically engineered) crops.
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Risks to Farmers 
and Farmworkers
Compared with the general 
population, farmers, farm-
workers, and even their chil-
dren are at higher risk because 
they experience more direct 
exposure to pesticides, at 
higher doses, and through vari-
ous routes (e.g., inhalation after 
spraying).106 

The Environmental Protec-
tion Agency (EPA) estimates 
that 10,000 to 20,000 phy-
sician-diagnosed pesticide 
poisonings occur each year 
among the approximately 2 
million people who work in 
agriculture.107 Those numbers, 
however, may actually under-
estimate the problem, because 
studies also estimate high 
rates of underreporting by 
workers.108

Farmers and farmworkers 
are at higher risk not only for 
acute poisoning but also for 
illnesses associated with long-
term exposure. The EPA has 
identified at least six chronic 
diseases that have a well-doc-
umented association with 
agricultural pesticide expo-
sure: non-Hodgkin lymphoma, 
prostate cancer, Parkinson’s 
disease, lung cancer, bronchitis, 
and asthma.109

Laws and Regulations: 
Protecting Farmworkers
Most workers in the U.S. labor 
force are protected by stan-
dards of the Occupational 
Safety and Health Administra-
tion (OSHA) of the Department 
of Labor. Because they are 
places of employment, farms 
are required under the Occu-
pational Safety and Health Act 
to provide safe and healthful 
working conditions to work-
ers.135 However, OSHA stan-
dards actually do very little to 
protect farmers and farmwork-
ers from the harmful effects of 
pesticides.

The OSHA standards for 
agriculture that deal with pes-
ticides are limited to “hazard 
communication”136 and inform-
ing workers of the importance 
of “good hygiene practices” 
such as hand washing before 
eating to minimize exposure to 
agrochemical residues.137 Farms 
with fewer than 10 employees 
are exempt from those OSHA 
regulations.138

Through the Federal Insec-
ticide, Fungicide, and Roden-
ticide Act (FIFRA), the respon-
sibility to regulate pesticides, 
including to protect farm-
workers from the hazards of 
pesticide exposure, has been 
assigned to the EPA. Specifi-
cally, in 1972 amendments to 

FIFRA, Congress directed the 
EPA to take steps to protect 
humans and the environment 
from unreasonable adverse 
effects of pesticides, with the 
intent that farmers and farm-
workers should be among 
those afforded protection.139 
As a result, the EPA issued its 
Worker Protection Standard 
(WPS) in 1992.140

The EPA relies on risk-ben-
efit analyses in its approach to 
protecting farmers and farm-
workers from the toxic effects 
of pesticides. The EPA acknowl-
edges that “the associations 
between pesticide exposure 
and certain cancer and non-
cancer chronic health effects 
are well documented” and that 
reducing the risk of harm is an 
important goal.141 The agency’s 
approach to protecting workers 
is not to prohibit the use of 
pesticides that are harmful to 
human health but rather to 
set requirements focused on 
reducing exposure to those 
hazardous pesticides. That 
includes requiring employers 
to provide personal protective 
equipment, clear instructions 
on pesticide labeling, and basic 
safety training as well as setting 
basic requirements for noti-
fication of treated areas and 
restricting entry by farmwork-
ers after pesticides have been 
applied.142  

Those protections are 
important but have been 
inadequate.143 For example, 
the EPA has found that risks 
from certain organophosphate 
exposures to farmworkers still 
exceed the agency’s level of 
concern, even when all pro-
visions in the current WPS 
are followed.144 After years of 
pressure from various farm-
worker advocacy groups to 
afford farmworkers better 
protections from pesticides, 
the EPA is in the process of 
revising its standards (as of date 
of publication).145 While the 
agency proposes to strengthen 
the protections from exposure, 
the basic risk-benefit approach 
remains the same and harmful 
pesticides will probably con-
tinue to be used.146 

Risks to Rural Residents
Pesticides contaminate the 
air, water, and even rain, with 
levels of contamination higher 
in rural areas near farms. That 
contamination affects those 
living near farms, who have 
been shown to have higher 

levels of pesticide metabolites 
in their urine than those living 
farther away.147 This puts rural 
residents at potentially higher 
risk.  

Childhood exposure to 
pesticide residue is especially 
concerning. The neurological 
effects from pesticide exposure 
on children living near farm 
fields were first documented 
in the late 1990s. A study in 
Mexico compared children 
living in an agricultural valley 
where pesticide use is common 
with children living in the 
foothills of the same region, 
where pesticide use is less 
common. The children in the 
valley, who had been exposed 
to multiple pesticides in preg-
nancy and childhood, had 
more decreases in stamina, 
eye-hand coordination, 
memory, and figure-drawing 
skills than the children living 
in the foothills.148

Research in the agricultural 
Salinas Valley in California (the 
CHAMACOS study) has linked 
organophosphate pesticide 
exposure in the womb and 
early childhood to lower birth 

weight,149 neurodevelopmen-
tal delays and problems with 
attention,150 and reduced IQ.151 
Those deficits in IQ are similar 
to those documented from 
exposure to lead.152, 153

And a 2014 study found 
higher rates of autism in 
California children who were 
exposed to organophosphates 
and other types of pesticides 
when their mothers were 
pregnant with them. Children 
of mothers who were living 
within a mile of a farm field 
that was treated with a pesti-
cide during their pregnancy 
were found to be at 60 percent 
increased risk for autism spec-
trum disorder.154

The effects on the neuro-
logical system of rural resi-
dents starts in the womb and 
continues throughout life. 
Studies have suggested that 
people living in regions with 
greater pesticide use may be 
more likely to develop Alz-
heimer’s disease, Parkinson’s 
disease, and multiple sclerosis 
as compared with people living 
in regions with lower pesticide 
use.155-158
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CHAMACOS 
Farmworker Family Health Study
Organophosphate pesticides are toxic to the 
neurological system at high doses, but much 
remains unknown about how long-term, low-
level pesticide exposure in the womb, during 
infancy, and during early childhood affects 
health and development. 

To shed more light on questions of pesticide 
exposure and growth, health, and development, 
researchers involved with the CHAMACOS 
(Center for the Health Assessment of Mothers 
and Children of Salinas) study in California have 
followed hundreds of children living in the agri-
cultural Salinas Valley in California from birth to 
age 12. The study began in 1998 and is funded 
by the National Institute for Environmental 
Health Sciences, the Environmental Protection 
Agency, the National Institute for Occupational 
Safety and Health (2001 to 2006), and private 
foundations.

CHAMACOS study researchers have pub-
lished studies linking pesticide exposure to 
lower birth weight, neurodevelopmental delays, 
lower IQ, and other adverse effects:

Neurodevelopmental development 
& attention (2010):
Exposure to organophosphate pesticides in 
the womb, as measured by the levels of the 
pesticide’s breakdown products in the pregnant 
mother’s urine, is associated adversely with 
attention, especially when measured at age 5, 
and especially in boys.159

Reduced IQ (2011): 
Prenatal exposure to organophosphate pes-
ticides is associated with poorer intellectual 
development in 7-year old children. Children 
whose mothers had the highest levels of pes-
ticide residues in their urine when they were 
pregnant have an average deficit of 7 IQ points 
compared with the children whose mother’s 
urine had the lowest pesticide levels while 
pregnant.160

Birth outcomes (2013): 
Living near farms where methyl bromide was 
used during pregnancy is associated with lower 
birth weight and shorter birth length.161
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sured by levels of organophosphate breakdown products in the 
mother’s urine during pregnancy, are associated with lower scores 
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Strawberries: A Case Study in Industrial Agriculture
Conventional strawberry production, with its 
heavy reliance on chemicals, comes at a high cost 
to the environment and public health. 

Conventional strawberry farmers often fumigate 
the soil to essentially sterilize it, killing most living 
organisms in the soil.110 Conventional strawberry 
growers have relied for years on the fumigant 
methyl bromide.111 Methyl bromide is banned by 
international treaty because it depletes the ozone 
layer.112 The EPA has granted “critical use exemp-
tions” that have allowed California strawberry 
growers to continue using it.113 

In an estimated 30 to 50 percent of agricultural 
applications, methyl bromide is released into the 
air when applied to the soil, even if soil covers are 
used.114 

Methyl bromide is a “multisystem toxicant,” 
producing severe and sometimes permanent 
nervous system effects.115 Methyl bromide is also 
considered a potential occupational carcinogen116 
and has been linked to an increase in stomach 
cancer rates among farmers.117 Methyl bromide 
poses risks not only to farmworkers but also 
to people living nearby.118 Studies of men who 
were not necessarily farming themselves but 
who were exposed to “ambient pesticides” from 
nearby farms found evidence of a strong associ-
ation between exposure to methyl bromide and 

prostate cancer risk.119, 120

In addition, high methyl bromide use within 
close proximity of the home during the second 
trimester of pregnancy adversely affects babies 
(lower birth weight and shorter birth length).121

Methyl bromide is just one of many toxic pes-
ticides used by conventional strawberry growers. 
Other types of pesticides, such as neonicotinoids 
(see “Honeybees and Pollination” section), are 
also used.

Agricultural Population Health Study
The Agricultural Health Study (AHS) is a prospective cohort study that is investigating the 
effects of environmental, occupational, dietary, and genetic factors on the health of the agricul-
tural population. The first interview was conducted in 1993, and within four years nearly 90,000 
participants had been enrolled. 

The research project is sponsored by the National Institutes of Health, the Environmental 
Protection Agency, and the National Institute for Occupational Safety and Health. A major focus 
of the study is looking at the health effects of pesticides. 

Some of the study’s findings to date:

 Acute poisoning 
People who work in agriculture are at risk for acute poisoning by pesticides, which can be 
fatal. Almost a quarter (23 percent) of pesticide applicators have reported at least one “high 
pesticide exposure event” in their lifetime. Episodes of high exposure are associated with 
changes in health, including subtle changes in memory and attention as well as increased 
respiratory disease.122, 123

 Cancer 
In general, farmers have lower levels of cancer than the rest of the population; however, 
rates of certain types of cancer are higher among farmers, including prostate cancer and 
ovarian cancer.124 AHS researchers identified three organophosphate pesticides and one 
organochlorine pesticide that are significantly associated with aggressive prostate can-
cers.125 
 Interestingly, participants in the AHS study have lower rates of lung cancer than the general 
population, probably because of low levels of smoking among farmers. But when research-
ers examined the relationship between pesticides and lung cancer incidence, they found 
that two widely used herbicides and two widely used insecticides—including the widely used 
organophosphate chlorpyrifos—increased the odds of being diagnosed with lung cancer 
in a dose-dependent fashion.126 AHS researchers have also observed a significant increase 
in stomach cancer risk in those with high exposure to the soil fumigant methyl bromide,127 
which is the third most widely used soil fumigant.128 

 AHS researchers have also found a potential for increased risk of col-
orectal cancer in farmers with high levels of exposure to two insecticides: 
chlorpyrifos and aldicarb.129-131

 Thyroid disease 
Surprisingly little is known about the causes of thyroid disease or abnor-
mal thyroid hormone levels, conditions that affect between 1 and 9 
percent of American adults.132 Hypothyroidism is the most common type 
of thyroid condition, which can cause weight gain, excessive tiredness, 
and sensitivity to cold.133 
 In a 2013 study involving more than 22,000 male pesticide applicators, 
AHS researchers found a link between the use of many kinds of pesti-
cides and hypothyroidism. There were increased odds of hypothyroidism 
with the use of six herbicides and eight insecticides. The analysis shows 
increasing odds of developing hypothyroidism with increasing level of 
exposure to two of the herbicides and five of the insecticides.134

 20 Pesticide Report March 2015 CONSUMER REPORTS Food Safety and Sustainability Center  21



Environmental and Ecological Concerns
one oF the inherent draw-

backs of pesticides is that 
it is not possible to design the 
chemicals to kill only plants 
and animals that farmers 
consider “pests” while sparing 
all others. Many of the most 
commonly used classes of 
pesticides are very toxic to 
other living organisms, includ-
ing beneficial insects and 
wildlife.166

For example, the most widely 
used soil fumigant,167 metam 
sodium, is toxic to turtles. 
When researchers applied this 
pesticide to a farm field, then 
deposited snapping turtle eggs 
in the treated soil, they found 
that even at the lowest rates of 
metam sodium application, all 
of the turtle eggs died.168

Pesticides can also be 
harmful to birds. It has been 
estimated that 72 million birds 
die each year from pesticide 
poisoning, but the U.S. Fish 
and Wildlife Service states that 
this is an underestimate.169, 170

The difficulty of controlling 
where pesticides and their 
metabolites end up makes 
it even more challenging to 
avoid unintended impacts to 
wildlife and the environment. 
Pesticide drift, runoff, leaching, 
and persistence all factor into 
a pesticide’s ability to migrate 
into the environment and pose 
threats to the health of people 
and ecosystems beyond the 
boundaries of the fields where 
a chemical is applied.171 

Atrazine, one of the most 
broadly used herbicides in 
the United States, is a prime 
example.172 After scientific 
research revealed atrazine’s 
pervasive presence in water 
supplies, detrimental impacts 

to aquatic life, and potential 
human health threats, the 
European Union banned atra-
zine in 2004.173 Despite similar 
evidence available in the U.S., 
however, the EPA concluded 
after a review of atrazine in 
2003 to allow the chemical’s 
continued use with some addi-
tional restrictions.174, 175

Of course, atrazine is only 
one of many pesticides finding 
its way into surface and drink-
ing water, soil, and air. And 
although monitoring require-
ments and regulatory safety 
standards exist to some degree 
for atrazine and other pesti-
cides, many remain unmoni-
tored and lacking in adequate 
safety standards.176

Honeybees and Pollination
The EPA acknowledges that 
most insecticides are toxic to 
bees.177 Healthy populations of 
bees are critical to maintaining 
a healthy food supply. 
Almonds, apples, 
cherries, 

blueberries, squash, and 
pumpkins are just a handful 
of the 90 commercially grown 
crops—mostly fruits and vege-
tables—that depend on honey-
bees for pollination.178

In southwest China, where 
wild bees have been eradicated 
by excessive pesticide use and a 
lack of natural habitat, farmers 
have been forced to painstak-
ingly pollinate their apple and 
pear trees by hand.179 

Beekeepers in the U.S. have 
noticed devastating declines 
of honeybees in recent years: 
losses of entire beehives, 
known as colony collapse 
disorder (CCD). According to 
a survey funded by the USDA, 
31.1 percent of managed honey-
bee colonies were lost nation-
wide during the winter of 2012 
to 2013.180 

The EPA and USDA claim 
that CCD cannot be explained 
by a single factor. However, 
the National Research Council 
notes that pesticides can 
have negative effects on bee 
behaviors,181 and independent 
research increasingly points 
to a specific class of pesticides, 
neonicotinoids, as a major 
cause of CCD.182 -188 The first of 
the neonicotinoid pesticides, 
imidacloprid, was registered 
with the EPA in 1994.189

According to the EPA, neon-
icotinoids are highly toxic to 
aquatic organisms, honeybees, 
and other beneficial insects 
on an acute basis.190 Neonic-
otinoids disrupt the central 
nervous system of insects, 
causing paralysis and death 
from acute exposure.191

The EPA generally attempts 
to protect honeybees from the 
acute toxic effects of pesticides, 

including neonicotinoids,192 
by urging farmers not to apply 
pesticides while bees are for-
aging. But neonicotinoids are 
unique in several ways, which 
has an impact on how they 
affect honeybees. 

First, neonicotinoids are sys-
temic pesticides, which means 
they are absorbed in every 
tissue of the plant. As the plant 
grows, it continues to release 
small doses of the insecticide 
through every tissue, includ-
ing nectar and pollen, thereby 
continuing to expose beneficial 
insects such as honeybees that 
forage on those crops.193

Second, neonicotinoids 
probably have harmful effects 
even at low doses that are not 
acutely toxic but ultimately 
affect long-term honeybee sur-
vival. Recent research increas-
ingly links low-level exposure 
to neonicotinoid pesticides 
with effects on the memory194 
and navigational skills of bees, 
and survival of hives.195-198 A 
growing number of indepen-
dent scientists are concluding 

that sublethal exposure to 
neonicotinoids is probably 

the main culprit for the 

occurrence of CCD.199

The European Food Safety 
Authority (EFSA) reviewed 
recent science,200-202 and based 
on the findings, the European 
Commission announced in 
2013 that it would impose a 
two-year restriction on the use 
of three commonly used neon-
icotinoid pesticides.203

Laws and Regulations: 
Protecting Wildlife 
and Pollinators
The Federal Insecticide, Fun-
gicide, and Rodenticide Act 
(FIFRA) requires the EPA to 
ensure that a pesticide will not 
pose unreasonable harm to 
the environment, and defines 

“environment” as “water, air, 
land, and all plants and man 
and other animals living 
therein, and the interrelation-
ships that exist among these.”204

However, it is very uncom-
mon for the EPA to either deny 
or cancel an existing registra-
tion for a pesticide solely or 
largely because of risks to birds, 
fish, and other nontarget (non-
human) organisms.205

Despite the mounting evi-
dence implicating neonicoti-
noids in honeybee deaths, and 
pressure from environmental 
and public interest groups, 
the EPA continues to allow 
the use of neonicotinoids in 
agriculture.
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The Impacts of Pesticide Use
Pesticides are designed to be toxic to living organisms. 

☛ Rural residents. 2,4-D and other chlorophenoxy herbicides are listed as 2B carcin-
ogens, “possibly carcinogenic to humans.”206 Studies show an association between cancer 
mortality and living near farm fields treated with the herbicide 2,4-D.207

☛  Honeybees. Neonicotinoids are linked to honeybee colony collapse disorder.208 
Nearly one-third of managed honeybee colonies were lost during the winter of 2012 to 
2013.209

☛  Monarch butterflies. Glyphosate kills the milkweed plant, the primary food of 
monarch butterflies. Monarch butterfly populations have declined drastically over the past 
decade.210 

☛  Children. Organophosphate pesticide exposure has been linked to deficits in IQ,211 
attention,212 and behavioral development in children.

☛  Rural residents. Atrazine is a suspected endocrine disruptor, which may affect 
reproductive health and children’s sexual development.213

☛  Turtles. The eggs of snapping turtles die when they are laid in a field treated with the 
common soil fumigant metam sodium.214

☛  Farmers. High pesticide exposure among farmers has been linked to prostate and 
ovarian cancer,215 lung cancer,216 stomach cancer,217 hypothyroidism,218 changes in memory 
and attention,219 and increased respiratory disease.220

☛  Birds. An estimated 72 million wild birds die each year from pesticide
exposure.221 

☛  Farmworkers. 10,000 to 20,000 physician-diagnosed pesticide poisonings
occur each year among farmers and farmworkers.222

Federal law prohibits the use of almost all 
synthetic pesticides on organic farms.

☛ There are currently no synthetic herbicides approved for use on organic food crops.223

☛ All neonicotinoids are prohibited on organic farms.

☛ The herbicide glyphosate is prohibited on organic farms.

☛ All organophosphate pesticides are prohibited on organic farms.

☛ Only 10 synthetic insecticides are approved for use on organic farms. Some can be 
used only if they do not come into direct contact with soil or crops (e.g., as bait traps).224

☛ The herbicide atrazine is prohibited on organic farms. 

☛ Synthetic soil fumigants are prohibited on organic farms.

☛ Biodiversity is richer in organic than conventional farm fields.225

☛ Children who eat organic fruits and vegetables have fewer pesticide residues in their 
bodies compared with children who eat conventional fruits and vegetables.226

Why Organic is the Right Way
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It is important to remember that fruits 
and vegetables are a crucial part of a 
healthy diet. People who eat plenty of 
fruits and vegetables tend to be health-
ier and live longer, even when the pro-
duce they eat comes from conventional 
production systems. But there are many 
benefits to making choices that avoid 
pesticide residues and support farmers 
who are committed to reducing their 
dependence on pesticides. To help con-
sumers make such informed decisions, 
we created two guides.

The first is our guide to residue risk, 
which is based on a comprehensive 
analysis of government data to gen-
erate a produce Dietary Risk Index 
(DRI). This index can help consumers 
minimize the risk from exposure to 
pesticide residues. The methodology 
for creating the index and our findings 
is explained in detail below. This index 
can help consumers minimize their risk 
from exposure to pesticide residues in 
and on the foods they eat.

The second is our guide to labels. 
Labels on foods can help consumers 
understand the way the food was pro-
duced, and better understand which 
pesticides were used even when there 
are low or no residues on the fruits and 
vegetables. For example, soil fumi-
gants may not show up as residues on 
fruits and vegetables but their use may 
have negative impacts on farmworkers, 
rural residents and wildlife. Moreover, 
some pesticides that have low known 
risks to consumers (and therefore do 
not contribute significantly to DRI) 
may have unknown risks or known 
risks to the environment, wildlife and 
pollinators. Labels can vary widely in 
how meaningful they are, what the 
standards require, and how they are 
verified. Understanding labels is there-
fore critical for consumers who wish 
to support farmers following strict and 
verified standards that reduce the use of 
pesticides.

Did You Know?
A 2015 study found that people who 
ate conventionally grown produce 
had high concentrations of organo-
phosphate pesticide metabolites in 
their urine, and people who reported 
eating organic produce had signifi-
cantly lower levels.227

A 2006 study found that levels of two 
organophosphate pesticide metab-
olites in the urine of children fell to 
undetectable levels when the children 
were switched to an organic diet.228

A 2010 study suggests that children 
with higher levels of organophos-
phate pesticide metabolites in their 
urine are more likely to be diagnosed 
with attention deficit hyperactivity dis-
order (ADHD).229 All organophosphate 
pesticides are prohibited in organic 
agriculture.

Reducing Exposure to Pesticides: 
What Consumers Can Do

Genetically Engineered Crops and Increased Herbicide Use
The same chemical companies that manufacture herbicides have genetically engineered crops such as corn, 
cotton, and soybeans to resist the application of their herbicides. Herbicides that would damage or kill the crops 
can be applied directly to the genetically engineered crop, and the resistant crop survives the herbicide application. 
Genetic engineering of crops is different from traditional plant breeding because it requires intensive genetic 
overwriting to allow for genetic changes that cannot occur in nature. 

And some crops are genetically engineered to produce their own pesticides instead of having the pesticides 
sprayed onto crops or into the soil where they are planted. This type of genetic engineering incorporates a “natural” 
pesticide from bacteria into the genetic makeup of a crop. And because it is secreted by the plant, it cannot be 
washed off.230

There are many ethical concerns around the genetic engineering of plant seeds and crops. Biotech corporations 
can patent genetically engineered seed and animals. That means corporations can claim ownership of the genetic 
code, and most important, ownership of the seed. That has eliminated the 
possibility of continuing the age-old practice of saving seed from this year’s 
crop for next year’s planting; instead, farmers are required to purchase 
new seed annually. If a farmer is the victim of “genetic pollution” (pollen 
from a genetically engineered plant drifts onto his or her field, or seed falls 
off a truck onto a farm field), the company can sue the farmer for patent 
infringement.231

Another major concern with genetically engineered crops is the 
accompanying increase in pesticide use. The biotechnology industry claimed 
that genetically engineered crops would reduce herbicide use232 but failed 
to deliver on those promises. During the first 15 years of commercial use, 
genetically engineered crops were responsible for an increase of 527 million 
pounds of herbicide use.233

One of the most widely used herbicides is glyphosate (Roundup™), in part 
because resistance to this chemical has been genetically engineered into 
popular commodity crops such as corn and soy.234 Because of the quickly 
expanding use of genetically engineered crops since their introduction and 
the corresponding expansive use of glyphosate, weeds now exist that 
are resistant to glyphosate, earning them the nickname “superweeds.”235 

Resistance can develop relatively fast; in fact, within as little as three 
years, weed species may develop resistance to the chemical.236, 237 As 
a result, glyphosate may quickly be losing its effectiveness. There are 
currently at least 28 weeds with known resistance to glyphosate.238 
With reduced effectiveness, farmers have used more and more 

glyphosate.239 For that and other reasons, the EPA raised tolerance 
levels for glyphosate to allow for expanded uses on food crops.240 As 
a result, recent studies have shown that genetically engineered crops 
often retain higher levels of glyphosate residues.241 Yet the most 
recent pesticide-tolerance-testing reports released by the USDA 
failed to test for glyphosate residues.242  Perhaps most concerning, 
the International Agency for Research on Cancer (IARC) classified 
glyphosate as a probable human carcinogen.
Rather than acknowledge the value in diversified crop 

practices and moderated pesticide use, chemical companies 
have come up with a new wave of genetically engineered 
common crops for resistance to the herbicide 2,4-D in addition 
to resistance to glyphosate. Much like the case of glyphosate 
and the first round of glyphosate-tolerant crops, the USDA 
estimates that approval of these new genetically engineered 
crops would lead to an increase in the use of 2,4-D on 
crops from 77.8 million to 176 million pounds.243 The USDA 
approved these 2,4-D-resistant varieties in six states 
in September 2014 and as of April 2015 is currently 
considering whether to approve expanded uses in 10 
additional states.244, 245  In June 2015, IARC classified 
2,4-D as a possible human carcinogen.

Tip for navigating the produce aisle: 
Unpackaged, fresh fruits and vegetables are sold 
with a code, often found on stickers or rubber 
bands. If the code has four digits, the produce is 
conventional. If the code has 5 digits and starts 
with a “9,” that signifies that the produce is certified 
organic.

5 digit: 9-XXXX
Certified Organic

4 digit: XXXX
Conventionally Grown
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A Consumer Reports Guide to Residue Risk
Creating the Dietary Risk Index (DRI)

the dri is a scoring system that compares 
the relative noncancer “risks” of pesticide 

exposures from different food sources, risk 
trends over time, and differences in relative 
risk levels in domestically grown vs. imported 
foods. It depends on EPA-recommended pes-
ticide dietary risk assessment methods and 
takes into account:

• The amount and frequency of residues 
on a given food, as reported in annual 
Department of Agriculture pesticide resi-
due-testing results.

• The typical serving size of that food.

• The weight of the person consuming that 
food.

• The toxicity of the pesticide as determined 
by the Environmental Protection Agency.

Below we explain in detail where the above 
data is obtained and how it is used to calculate 
the DRI score.

Data Sources
Residue Data: USDA PDP 
The Department of Agriculture (USDA) 
monitors the presence of pesticide residues 
on foods through its Pesticide Data Program 
(PDP). In operation since 1991, the PDP tests 
a variety of food commodities from many 
different states, and some countries abroad, 
throughout a given year for residues of 
hundreds of pesticides. Congress designed 
the program to collect pesticide residue data 
in food “as eaten” to help the EPA sharpen the 
accuracy of its dietary risk assessments. Since 
the beginning, the PDP has focused mostly on 
foods that play an important role in the diets 
of infants and children.

The program focuses on testing a different 
set of approximately 12 to 15 commodities 
each year (though some items are tested for 
two to three years in a row). According to the 
USDA, commodities are purchased in bulk at 
terminal markets and large chain-store distri-
bution centers as close as possible to the point 

of consumption. The samples are chosen at 
random based on availability without regard 
for the origin of the item, though origin data 
is recorded. In many cases, large samples 
of products from both the U.S. and multi-
ple other countries are collected, as well as 
smaller samples of imported and domestic 
organic products for some commodities.

After collection, samples are shipped to one 
of seven state laboratories, where they are 
prepared for residue testing by first washing, 
then removing inedible portions to mimic 
consumer experience. About 5 pounds of each 
food are then blended together into a com-
posite sample. The USDA publishes an annual 
report that summarizes the results by food 
and pesticide. Detailed, raw data files are also 
made available; information in them includes 
commodity name, purchase state (e.g., Cal-
ifornia), purchase date, country of origin, 
production claims (such as organic), and 
pesticide residue level for each sample. Using 
that data, the frequency of finding a given 
pesticide on each food can be calculated, as 
can average residue levels in positive samples 
(called “mean of the positives”). In our analy-
sis, we used only the most recent year(s) that 
data was available for a given produce-coun-
try-production method combination. Data 
was derived from the 2002 to 2013 testing 
years.

Serving Size: USDA
The serving size for a given food 
tested by PDP is obtained from 
the USDA recommenda-
tions for fruit and veg-
etable consumption, or 
other standard references 
addressing typical, 
average single-serving 
sizes.  

Weight
Our calculations for the DRI are based on 
the diet of a 3½-year-old child estimated to 
weigh 16 kilograms (35.2 pounds). We chose 
to base our calculation on the diet of a child 
because children are especially vulnerable to 
the dietary risks from pesticides and because 
they have a relatively substantial amount of 
intake of a variety of foods relative to their 
body size (large dose). In addition, as part of 
its responsibilities set forth in the Food Qual-
ity Protection Act (FQPA), the EPA is required 
to consider the unique effects of pesticides 
on infants and children as their brains and 
bodies mature. 

Toxicity Data: EPA Risk Assessment
The Environmental Protection Agency (EPA) 
has developed chronic reference doses (RfDs) 
for pesticides. RfD values are used by regula-
tory agencies to set limits for human expo-
sure to chemicals via the diet and drinking 
water.  

RfDs are the amount of a substance that 
people can consume on a daily basis, consis-
tent with “a reasonable certainty of no harm,” 
both in the short run and over a lifetime. 
However, RfDs do not take the risk of cancer 
into consideration, nor has the agency devel-
oped test methods to take into account epi-
genetic or endocrine-system-driven impacts. 
RfDs are expressed as milligrams of a pesti-
cide’s active ingredient per kilogram of body 
weight per day. 

RfDs are calculated by evaluating multiple 
toxicology studies. The EPA first identifies 
the study producing a statistically significant, 

adverse impact at the lowest dose level, com-
pared with all other studies. It determines 
the lowest dose level producing the adverse 
impact (the Lowest Observed Adverse Effect 
Level, or LOAEL).

Then the agency identifies the next-lowest 
dose level (the No Observable Adverse Effect 
Level, or NOAEL). Because the toxicology 
studies are typically conducted on mammals 
other than humans, the study NOAEL is then 
typically divided by a hundredfold safety, or 
uncertainty, factor. A safety factor of 10 is 
thought to be warranted to account for the 
uncertainty in extrapolating from animals to 
humans, and another tenfold safety factor is 
applied to account for differences in the vul-
nerability of different population groups. 

Since its passage in 1996, the FQPA man-
dates that the EPA apply an additional tenfold 
safety factor to better protect children, unless 
the agency determines that it has adequate 
data to fully account for the unique sensitivity 
on infants, children, and pregnant women. 
When this additional safety factor is applied, 
the new RfD value is called the chronic Pop-
ulation Adjusted Dose (cPAD). As a result of 
the FQPA, the total safety factor applied to 
a pesticide will typically be 1,000, although 
the EPA has dropped the added tenfold safety 
factor in many cases.

Ideally, on any given day, a person is not 
exposed to a substance at a level greater than 
his or her personal RfD. Amounts of a pes-
ticide that lead to exposure greater than the 
RfD (or cPAD) can be referred to as exceed-
ing the EPA’s “level of concern.” That puts 
those exposed to them at increased risk by 
eroding the safety factor embedded in cRfDs 
or cPADs.

Calculation of the Dietary Risk Index (DRI)
to calculate the DRI for each food item 

addressed in this report, we divided the 
average residue level found in a set of samples, 
measured as milligrams of pesticide per kilo-
gram of food (also called parts per million 
abbreviated as ppm), by what is called the 
chronic Reference Concentration (cRfC).

Just like average residue levels, the cRfC is 
measured as milligrams per kilogram 

body weight per 
day. It is the 
concentration 

level in a single serving of a specific food that 
delivers the full amount of the pesticide that 
a child of known size could consume per day, 
without exceeding the EPA’s level of concern 
(or, put otherwise, retaining a “reasonable 
certainty of no harm”). A pesticide’s cRfD or 
cPAD drives cRfC levels; the more toxic the 
pesticide, the lower the cRfD or cPAD, and 
hence the lower the cRfC.

Based on our DRI scoring system, a value of 
1 would indicate that the average residue level 
in a given food delivers to a consumer the 
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maximum allowed amount of a pesticide in 
a given day, in one serving of the food. DRIs 
that exceed 1 mean that the hundredfold, or 
thousandfold margin of safety is being cut 
into.  

Our calculations for DRI are based on the 
diet of a 3½-year-old child weighing 16 kilo-
grams (35.2 pounds). We chose to base our 
calculation on the diet of a child because 

children are especially vulnerable to the 
dietary risks from pesticides. The index score 
would be lower for an adult than for a child 
because of an adult’s greater weight (140 lb). 
Calculating the risk index for an adult diet 
would result in an index score that is 4 times 
lower than that of the 35 lb child, but relative 
risks across foods and pesticides would not 
change, nor would trends over time.  

The Food-Supply Risk
the dri is based on the mean level of all 

samples testing positive in a given year. 
Suppose PDP tests 500 samples of apples in a 
given year, and 100 of them tested positive for 
pesticide X, with a cRfC of 0.025 ppm. Also 
suppose the mean residue level across the 100 
positive samples was 0.05 ppm.

Accordingly, the mean-of-residue DRI 
would be 2—well over the EPA level of 
concern. For consumers unlucky enough to 
buy only apples with residues of pesticide X, 
the DRI value of 2 would be accurate. But what 
about consumers choosing apples at random? 
On average, three out of four samples would 
have no residues, hence the DRI-mean metric 
could overestimate risk. In fact, the lower 
the frequency of positives among any set of 
samples, the bigger the difference between 
DRI-mean risk levels, and actual risk levels.

Therefore we took our DRI calculations 
one step further and created another metric—
the Food Supply-DRI (FS-DRI), to take into 

account the frequency of encountering the 
risk. The FS-DRI is simply the percent of 
samples testing positive multiplied by the 
DRI-mean. In the very unusual case where 
100 percent of the samples tested are positive, 
the FS-DRI = DRI-mean. And in any single 
sample, compared with another single sample, 
the FS-DRI again equals the DRI-mean.

Because there may be aggregate risk from 
the combination of individual pesticides 
present on food items, and because the inter-
action of pesticides is not well understood, the 
FS-DRI for each pesticide-food combination 
can be added together to create a composite 
index (the aggregate FS-DRI). That sum can 
be used to compare the relative “risk” of pes-
ticide residues on different foods. That value 
can also be summed across all foods eaten to 
determine an overall daily risk index. We rec-
ommend that individuals do not exceed a DRI 
of 1 based on all produce consumed in a day.

From DRI to Risk Categories
based on our calculation of an FS-DRI 

for each produce item-country-produc-
tion method, we placed items into one of five 
categories based on their FS-DRI score. These 
categories represent a range of FS-DRI scores 
that we have characterized as “very high” (one 
serving of an individual food with a FS-DRI 
of 1 or more), “high” (between one and five 
servings would lead to a FS-DRI score of 1 or 
more, which corresponds to a FS-DRI score 
of 0.2 to 1), “moderate” (five to 10 servings 
would lead to a FS-DRI score of 1 or more, 
which corresponds to a FS-DRI score of 0.1 to 
0.2), “low” (10 to 100 servings would lead to a 
FS-DRI score of 1 or more, which corresponds 
to a FS-DRI score of 0.01 to 0.1), and “very 
low” (more than 100 servings would lead to a 

FS-DRI score of 1 or more, which corresponds 
to a FS-DRI score of less than 0.01).

Risk Category
Daily Servings 
Needed to Exceed 1*

FS-DRI Range

Very High 1 1 or greater

High 2 - 5 0.2 - 1

Moderate 5 - 10 0.1 to 0.2

Low 10 - 100 0.01 to 0.1

Very Low More than 100 Less than .01

* for a 35 lb child

Comparing Consumer Reports Guide with the 
Environmental Working Group’s (EWG) Shopper’s 

Guide to Pesticides in Produce™
the consumer reports guide is signifi-

cantly different from the Environmental 
Working Group’s (EWG) Shopper’s Guide to 
Pesticides in Produce™ (which includes the 
EWG’s Dirty Dozen and Clean Fifteen lists). 
Both the Consumer Reports and EWG guides 
utilize the USDA PDP database, but the advice 
in the EWG guide is mainly driven by the 
number of pesticide residues on a produce 
item.  

CR’s advice and guide differ from the 
EWG’s in the following ways:

• We take into account the number of res-
idues per sample, the average level of 

each residue, the frequency of finding it, 
the serving size, and the toxicity of each 
pesticide. 

• We adhere closely to recommended EPA 
dietary risk assessment policies.

• We provide more complete information to 
consumers about differences in the risks 
associated with pesticides in domestically 
grown food, compared with imported 
food.

• We integrate noncancer as well as cancer 
risks.

Calculation of Cancer Risk in CR Guide

although the dri score is driven by 
the chronic toxicity of pesticides, it 

does not take into account cancer risk. We 
did, however, perform a separate cancer risk 
analysis.

In order to calculate lifetime cancer risk 
for a given produce-country combination, we 
used the cancer slope factor for each pesticide 
(as available from the EPA) and assumed a 
lifetime of exposure of one serving per day 
for a 70-year lifetime. We multiplied that 
risk by the probability of the pesticide being 
on the item (i.e., percent of total samples 
testing positive). Then, for each pesticide-pro-
duce-country combination, we added up the 
cancer risk for all of the pesticides present in 

the food to get a combined cancer risk score. 
Ideally, the population should be exposed to 
no excess cases of cancer from exposure to a 
substance.  

Typically, from a regulatory perspective, an 
ideal cancer risk is considered to be no more 
than one excess case of cancer in a population 
of 1 million people exposed to the pesticide 
over a lifetime. For this study, we adopted a 
less strict public-health protection goal—a 
more lenient risk tolerance of no more than 
one excess case of cancer in 100,000 people 
over a lifetime. Produce-country combina-
tions with a combined cancer risk from pesti-
cide residues of more than one in 100,000 are 
denoted on our figures.
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Produce DRIs: The Results

We used all available USDA PDP residue data to 
calculate the FS-DRI for each produce item-coun-

try-production method combination, including data 
from crop year 2013 that was released in December 2014. 
For all foods, we based our rankings on the “Most Recent 
Year” for which of PDP data are available.

How to Read and Understand 
Consumer Reports’ Residue Guide 
We categorized each produce-country-production type 
combination into one of five categories discussed above. 
The average FS-DRI score (referred from here on as DRI) for 
all organic produce item-country combinations fell into the 
“ low” or “very low” category. As a result of this finding and 
because of the strict standards required to earn, and retain, 
organic certification, and well-documented and significant 
environmental benefits, we always recommend organic 
produce as the best choice.  

Fortunately, the majority of residues found in con-
ventional produce items also fell into the “low” or “very 
low” categories as well. Conventional items that fall into 
the very low or low categories are roughly equivalent to 
organic produce when comparing residue related risk. 
For consumers who are mainly worried about exposure 
to residues, these conventional products represent good 
options, especially when available at a markedly lower 
price. Still, we recommend organic as the best choice. 

Relatively smaller proportions of produce items fall 
into the “very high,” “high,” and “medium” categories. 
Items in the “very high” category have a DRI score of 
greater than 1. From a single serving of such items, 
children would ingest pesticides associated with a DRI 
risk level of 1 or higher (our “level of concern” that takes 
into consideration EPA reference doses). Items in the 
“high” risk category have a DRI score between 0.2 and 1. 
For those items, children would reach a DRI of 1 with two 
to five servings. Five servings of fruits and vegetables is 
the typical amount recommended by the USDA. Items 
in the moderate risk category have a score between 0.2 
and 0.1. Children would reach a DRI of 1 after five to 10 
servings. 

Even for produce items that fall into one of the three 
highest risk categories (“very high,” “high,” or “medium”), 
there is often a lower risk (“low” or “very low”) 
conventional produce option.  

Limits to Choosing Produce 
According Only to Pesticide 

Residues and Risk

although the guide we created takes into account 
the chronic toxicity and the cancer risk of the resi-

dues, our guide does not consider many other important 
harmful effects of pesticides that consumers may want 
to consider (nor does the EWG guide). For example, our 
analysis does not take into account the well-known nega-
tive effects of the use of pesticides on farmworker health; 
beneficial insects such as honeybees and other pollina-
tors; adverse impacts on birds, fish, and other wildlife; or 
the potential for low levels of pesticides to be endocrine 
disruptors, triggering subtle but sometimes heritable 
genetic mutations.  

Given the pesticide-related as well as other environ-
mental and soil health benefits of organic farming, we 
always recommend certified organic food as the best choice. 
Future iterations of this guide will attempt take these 
additional concerns into consideration as well.

Using Our Charts That Follow
The figures display the risk categories (“very low” to 
“very high”) into which different conventionally grown 
produce item-country combinations fall. The risk cat-
egories are calculated for a 16-kilogram (35.2-pound) 
child eating one serving of the item per day. For a 35.2-
pound child, eating one serving of a given very high-risk 
produce-country item per day would lead them to their 
maximum daily limit based on our level of concern (that 
takes into consideration EPA reference doses). Though 
the absolute risk would be lower for a consumer who 
weighed more, the relative risk of each produce item and 
country combination would be unchanged.

We have created two tables, one for fruits and one for 
vegetables. 

If the excess cancer risk for a produce item-country 
combination was greater than one in 100,000 exposed 
people, that item was marked with footnote. Even though 
all of the footnoted items were in the “high” category for 
DRI score, because of the cancer risk consumers should 
treat them as if they were in the “very high” category.
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VEGETABLES

COMMODITY ORGANIC VERY LOW LOW MEDIUM HIGH VERY HIGH

Green Beans Guatemala Mexico USA

Sweet Bell 
Peppers USA Mexico

Hot Peppers USA Mexico

Winter Squash • Guatemala Honduras, Mexico USA

Cucumbers • Canada Mexico, USA

Summer 
Squash • Mexico USA

Snap Peas • Mexico, USA Guatemala, Peru

Tomatoes • Canada USA Mexico

Sweet Potatoes USA

Cherry 
Tomatoes • USA Mexico

Celery • Mexico USA

Carrots
Canada, Mexico, 

USA

Greens, Kale • Mexico USA

Potatoes • Canada USA

Asparagus • Mexico USA Peru

Eggplant • Honduras USA Mexico

Lettuce • Mexico, USA

Spinach • Mexico Mexico, USA

Greens, Collard • USA

Cauliflower • Mexico, USA

Cilantro • USA Mexico

Green Onions • Mexico USA

Broccoli • USA Mexico

Mushrooms • Canada USA

Cabbage • Canada, Mexico, 
USA

Sweet Corn • Mexico, USA

Avocado • Chile, Mexico, Peru

Onion • Peru, USA

FRUIT

FRUIT ORGANIC VERY LOW LOW MEDIUM HIGH VERY HIGH

Peaches Chile, USA

Tangerines Chile1, South Africa1,
USA, (Australia, Spain)

Plums •  USA Chile 1

Nectarines USA Chile 1

Apples • New Zealand USA

Strawberries USA, (Mexico)

Cantaloupe • Honduras, Mexico Costa Rica, 
Guatemala USA

Cranberries USA

Mangoes • Mexico Guatemala Brazil

Pears • Argentina, USA

Oranges • Chile, South Africa, 
USA

Cherries • USA

Grapefruit • USA

Watermelon • Guatemala Honduras, Mexico, 
USA

Blueberries • Uruguay Argentina, Canada, 
Chile, USA

Grapes • Chile, Mexico, Peru, 
USA

Raspberries • Mexico, USA

Apple Sauce • Canada, USA

Bananas •
Columbia, Costa 
Rica, Ecuador, 

Guatemala,
Honduras, Mexico

Raisins • USA

Papaya •
Belize, Brazil, 
Guatemala,

Jamaica, Mexico, 
USA

Columbia, Costa 
Rica, Ecuador, 

Guatemala,
Honduras, Mexico

Peaches, 
Canned • Greece, South 

Africa, USA

Pineapples •
Costa Rica, 

Ecuador,
Mexico, USA

Plums, Dried 
(Prunes) • USA

1 Cancer risk greater than 1/100,000
For countries in parenthesis, average score placed country in displayed category, 
but sample size was small and there is less certainty.

CONVENTIONAL PRODUCE CONVENTIONAL PRODUCE

ALWAYS BUY • RECOMMENDED BUY ALWAYS BUY • RECOMMENDED BUY
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DRI Scores Have Decreased Over Time

dri scores are a measure of both the 
amount of pesticide residues found on 

produce and their toxicity. Fortunately, the 
trend in total DRI score for all conventional 
domestic produce items over time shows that 
DRI scores have decreased dramatically over 
the past 20 years, especially for domestically 
grown produce. As discussed previously, 
much of this reduction in U.S.-grown produce 
can be attributed to the FQPA.

Looking at individual produce items over 
time provides interesting insights into the use 
of pesticides. Some produce items’ FS-DRI 
scores have not changed much over time. 
For example, domestic green beans have 
remained in the very high-risk category 
almost every year since testing began in 1992.

Other produce DRIs have changed signifi-
cantly since passage of the FQPA. Peaches 
are the most dramatic. Although conven-
tional peaches from all origins are still in our 
high-risk category, their total DRI score has 
dropped significantly. Up until the testing 
for the year 2000, the main pesticide residue 
contributing to the DRI score for peaches 
was methyl parathion. That pesticide is one 
of the most potent in the organophosphate 
family. The EPA accepted the voluntary 
cancellation of the chemical for use on many 
crops, including peaches, in 1999. Today the 

majority of the peach DRI score is caused by 
residues of fludioxonil, a fungicide often used 
post-harvest. 

Other commonly consumed crops that 
have also seen relatively large decreases in 
DRI score over the years (though not as dra-
matic as peaches) include pears and apples, on 
which methyl parathion was also commonly 
used. Grape DRI scores have dropped steadily 
from around 2.2 in 1993 to less than 0.02 in 
recent years.

High-Risk Pesticides

the majority oF the known risk from 
pesticide-residue exposure is the result of 

only a few commonly found pesticides. There 
have been significant decreases in DRI scores 
over time, but there is still room for signif-
icant improvement, and today’s relatively 
high-risk chemicals represent important 
targets for reduction.

The single most important contributor to 
toxic pesticide exposure and FS-DRI risk is an 
organophosphate chemical called methami-
dophos. Methamidophos residues also appear 
in food after applications of another organo-
phosphate insecticide called acephate (meth-
amidophos is a major breakdown product of 
acephate). Over the past 20 years the total 
DRI score for that chemical has remained rel-
atively constant (the overall trend is import-
ant, and year-to-year variations may be the 
result of the differing mix of produce items 
tested each year).

Interestingly, all methamidophos uses were 
cancelled by the EPA in 2009 after registrants 
voluntarily requested an end to all food uses. 
Despite that, residues of methamidophos 
remain a concern. Acephate is another pes-
ticide whose residues have been a relatively 
large contributor to the total DRI score each 
year over the past decade.  Methamidophos 

residues are a major contributor to the 
high DRI scores for green beans, sweet bell 
peppers, and hot peppers, and are also com-
monly found on other vegetables. 

The carbamate insecticide oxamyl is 
another large contributor to total DRI scores 
during recent years. Oxamyl is used on a 
variety of vegetables and is one of the top 
contributors to the DRI for sweet bell peppers 
and summer squash.

Fungicides are another important class of 
chemicals that are significant contributors 
to total FS-DRI scores. Those pesticides are 
often applied after harvest to tree fruits, espe-
cially stone fruits such as peaches, tangerines, 
nectarines, and plums, as well as citrus fruits. 
The most common ones found are fludiox-
onil, iprodione, and imazalil.  

Although not permitted in organic produc-
tion, post-harvest fungicides leave residues 
that are sometimes detected on some organic 
produce. Those residues may be the result 
of cross-contamination in packing plants in 
which both organic and conventional produce 
is cleaned, packed, and shipped. Fungicide 
residue levels on organic produce are much 
lower, and present lower risk, compared with 
conventional produce.

Behind the Label

even When a fruit or vegetable carries a low residue risk to consumers, pesticides could 
have been used to produce it, with potential negative impacts on farmworkers, rural resi-

dents, wildlife, pollinators, air, soil and water. But there are many labels that can help consum-
ers make better choices when it comes to how farms and pesticide use are managed.  The table 
that follows shows which labels are verified, which labels are backed by standards that prohibit 
or limit the number of toxic pesticides and require meaningful Integrated Pest Management 
(IPM) practices. The table also shows whether the standards behind the label allow, prohibit, or 
restrict the use of 18 specific pesticides of concern.
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LABELS Is it verified?

Do standards 
prohibit toxic 
pesticides?

Do standards 
require nonchemical 

pest prevention & 
management?

Do standards 
require least-toxic 
options be used 

first?

Do standards 
require testing 

foods for pesticide 
residues?

General Claims

Conventional /No label     
Natural     

Pesticide Free     
Environmental 

Sustainability Labels

USDA Organic  +   - • • • • • • • • • • • • • • • • • •
Demeter 
Biodynamic  +   - • • • • • • • • • • • • • • • • • •
Rainforest 
Alliance  - - -  • • • • • • • • • • • • • • • • • •

 +   - • • • • • • • • • • • • • • • • • •
Conventional + 
Whole Foods 
Responsibly 
Grown - Unrated

     • • • • • • • • • • • • • • • • •
Conventional + 
Whole Foods 
Responsibly 
Grown - Good -  -   • • • • • • • • • • • • • • • • • •
Conventional + 
Whole Foods 
Responsibly 
Grown - Better - -  -  • • • • • • • • • • • • • • • • • •
Conventional + 
Whole Foods 
Responsibly 
Grown - Best - -  -  • • • • • • • • • • • • • • • • • •
Certified 
Naturally Grown - +    • • • • • • • • • • • • • • • • • •
Eco Apple - 
certified by the 
IPM Institute      • • • • • • • • • • • • • • • • • •
Eco Stone Fruit 
- certified by the 
IPM Institute      • • • • • • • • • • • • • • • • • •

No verification

Verification, but not 
independent

Yes, independent 
verification with 
on-site inspection

Yes, standards have a 
very comprehensive list 
of prohibited pesticides

Yes YES RESTRICTED USENO
Yes, standards have a 
comprehensive list of 
prohibited pesticides

No list of prohibited 
pesticides, or list is 
minimal

Some pesticides are 
prohibited Sometimes, or encouraged but not required

No

FOOD SAFETY &
SUSTAINABILITY CENTER

Visit greenerchoices.org for more information

Organic + Whole Foods 
Responsibly Grown - 

Good, Better, Best



Do standards prohibit the use of the following pesticide?+ LABELS GUIDE
   • • •

AC
EP

H
AT

E

IM
ID

AC
LO

PR
ID

AC
ET

AM
IP

R
ID

O
XA

M
YL

PE
R

M
ET

H
R

IN

PH
O

SM
ET

M
ET

AM
 S

O
D

IU
M

1,
3-

D
IC

H
LO

RO
PR

O
PE

N
E

M
ET

H
YL

 B
R

O
M

ID
E

FL
U

D
IO

XO
N

IL

IP
R

O
D

IO
N

E

IM
AZ

AL
IL

TH
IA

BE
N

D
AZ

O
LE- - -

G
LY

PH
O

SA
TE

AT
R

AZ
IN

E

2,
4-

D

C
H

LO
R

PY
R

IF
O

S

AL
D

IC
AR

B
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LABELS Is it verified?

Do standards 
prohibit toxic 
pesticides?

Do standards 
require nonchemical 

pest prevention & 
management?

Do standards 
require least-toxic 
options be used 

first?

Do standards 
require testing 

foods for pesticide 
residues?

Food Alliance   - -  • • • • • • • • • • • • • • • • • •
 

Stemilt 
Responsible 
Choice      • • • • • • • • • • • • • • • • • •
SCS Pesticide 
Residue Free      • • • • • • • • • • • • • • • • • •
Salmon Safe      • • • • • • • • • • • • • • • • • •
SCS Sustainably 
Grown     - • • • • • • • • • • • • • • • • • •

Non GMO Labels

Non-GMO 
Project Verified      • • • • • • • • • • • • • • • • • •

Social Responsibility 
Labels

Fair Trade 
Certified   - -  • • • • • • • • • • • • • • • • • •
Fairtrade 
International   -   • • • • • • • • • • • • • • • • • •
Fair for Life  - - -  • • • • • • • • • • • • • • • • • •
Food Justice 
Certified      • • • • • • • • • • • • • • • • • •
Fair Food 
Program      • • • • • • • • • • • • • • • • • •
Responsibly 
Grown. 
Farmworker 
Assured

    - • • • • • • • • • • • • • • • • • •
Whole Foods 
- Whole Trade 
Guarantee   -   • • • • • • • • • • • • • • • • • •

No verification

Verification, but not 
independent

Yes, independent 
verification with 
on-site inspection

Yes, standards have a 
very comprehensive list 
of prohibited pesticides

Yes YES RESTRICTED USENO
Yes, standards have a 
comprehensive list of 
prohibited pesticides

No list of prohibited 
pesticides, or list is 
minimal

Some pesticides are 
prohibited Sometimes, or encouraged but not required

No
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A note about pest control in 
organic production. Some pesticides 
are derived from plants, bacteria, or 
other natural sources. Those pesticides 
are allowed in organic production, unless 
they pose potential harm to human 
health or the environment.246 For exam-
ple, even though arsenic and lead are 
“natural” substances, pesticides contain-
ing those substances are prohibited.247 
Natural pesticides that are permitted, 
such as those derived from the bacte-
rium bacillus thuringiensis and the botan-
ical extract pyrethrum, can be used only 
as a last resort after other methods of 
pest control have failed.248

Integrated Pest Management. 
Integrated Pest Management (IPM) is an 
approach to managing pests that uses a 
variety of methods, including cultural and 
biological methods. However, the use of 
chemical pesticides is also a component 
of IPM. IPM’s acceptance of chemical 
pesticides means it is significantly differ-
ent from organic management, which 
prohibits nearly every chemical pesti-
cide. IPM is a step in the right direction, 
though. It aims to solve pest problems 
while minimizing risks to people and the 
environment, using chemical pesticides 
only when needed. By scouting for pests, 
monitoring and keeping records of pests, 
growers can choose to use pesticides 
only when pest numbers are determined 
to exceed acceptable levels. IPM also 
aims to use pesticides with lower toxicity 
and risk before turning to pesticides with 
higher known toxicity. Unfortunately, there 
is no one way to practice IPM and some 
producers are more rigorous in its appli-
cation than others.

Stretching Your Produce and Organic Dollar
organic Food — produced on organic farms without the use of most pesticides — is better for 

your health and for the environment. Organic produce also generally costs more than con-
ventional, so here are some tips on how to fit organic in your budget.

☛ Buy whole foods and process at home. 
Whole and unprocessed organic foods are 
often less expensive than their processed non-
organic counterparts. Carrots are a perfect 
example: “Baby carrot” is just a fancy name 
for a carrot that has been peeled and cut into 
pieces for you. But if you don’t mind doing 
the peeling and cutting yourself, organic 
whole carrots will often cost less than the 
nonorganic “baby” variety. The same is often 
true for organic whole heads of lettuce vs. 
the bagged nonorganic kind, whole organic 
apples vs. sliced nonorganic, etc.

☛ Buy in bulk. It’s often thought of as a 
cost-saving measure when buying grains, 
dried beans, nuts, and other grocery items, 
but buying in bulk can also save you money 
on fresh or dried fruits and vegetables. Look 
for dried fruit in the bulk section of your 
store. Buying fresh produce in bulk can save 
money as well. Many stores offer organic 
apples, oranges, carrots, avocados, and other 
organic produce in bags, which can cost 
less on a per-pound basis than buying loose 
produce.

☛ Buy in season. Fruits and vegetables are 
much less expensive when you buy them in 
season. Stock up during the summer and fall 
months, when produce is abundant and prices 
are lower, and preserve them for the winter 
and early spring months. Canning, freezing, 
and drying are good options. 
 Find a farmers market. They’re are a 
great way to buy in season, directly from 
local farmers.  
 Or join an organic CSA. CSA stands for 
“community supported agriculture.” When 
you join a CSA farm, you will receive a 
weekly share of the harvest, and you’re likely 
to spend much less money on fruits and veg-
etables than if you bought those items at the 
store. You’ll be supporting local farmers, and 
you’ll probably end up with more vegetables 

and fruits than you know what to do with. 
Consider preserving them for the winter 
months by canning, drying, or freezing. 

☛ Buy frozen. If you didn’t have the 
chance to freeze produce at home during 
the summer, look for frozen options in the 
store. Many organic fruits and vegetables are 
available in the freezer section of most stores 
year-round and can cost less than the fresh 
nonorganic options. Because they are frozen 
immediately after harvest, nutrient levels in 
frozen organic fruits and vegetables are com-
parable to, or even better than, those of fresh 
produce that has been shipped many miles 
and arrives less than fresh at the store. 

☛ Or buy dried. In the winter months, 
when certain kinds of organic fruits and veg-
etables are either unavailable or too expen-
sive, look for their dried versions instead. An 
additional benefit of buying organic dried 
fruit is that sulfite preservatives—often used 
in conventional dried fruits—are prohibited 
in organic foods.

☛ Replace processed snack foods 
with organic fruits and vegetables. USDA 
researchers have found that some healthy 
foods, including fresh produce, can often cost 
less than unhealthy foods such as sweet and 
salty snacks.249 To fit organic fruits and veg-
etables in your food budget, consider cutting 
out unhealthy sweet and salty snack foods.
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Cleaning Produce
When organic options are not available or affordable, consum-

ers can take certain actions to lower their exposure to pesticide 
residues. 

 ➜ Wash fruits and vegetables thoroughly under running 
water.250 Make sure you wash for 30 seconds to 1 minute, and 
gently rub the produce to dislodge the residues.251

 ➜ Produce with firm edible skin can be scrubbed with a clean 
produce brush.252 Wash produce brushes regularly with hot 
soapy water or in a dishwasher and dry completely.  And 
consider not peeling since nutrients are in the peel too.

 ➜ Wash produce before removing inedible peels to prevent 
pesticide residue contamination on your hands and on the 
edible parts.253

 ➜ Remove the outer leaves of heads of lettuce or cabbages, 
because the outer leaves are likely to have higher levels of 
pesticide residues.254, 255

 ➜ If you use citrus peel (such as for zesting), consider buying 
organic.

 ➜ Wash organic produce as well. Organic regulations prohibit 
the use of synthetic pesticides, but synthetic pesticides used 
on neighboring conventional farms could contaminate 
organic crops. Washing eliminates more than just pesti-
cide residues; it also removes dirt and potentially harmful 
microorganisms that might contaminate.

Conclusion
the reliance on toxic pesticides to produce food is 

neither safe nor sustainable. Since living organisms 
adapt, toxic pesticides eventually lose their effective-
ness. This leads chemical companies to develop different 
pesticides to attack resistant weeds and pests — pesticides 
that are perhaps more toxic, or perhaps toxic simply in a 
different way. But while new pesticides can control pests 
for a while, it is never a long-term solution. Rather, pesti-
cides — the chemicals that are supposed to be a solution 
— turn into problems themselves, as their toxic effects 
on non-target populations, including humans, become 
apparent.

Given the growing body of scientific evidence pointing 
to harm, we believe that the costs are too high and do not 
justify the short-term benefits of controlling pests with 
toxic chemicals.

We urge people to eat several servings of fruits and 
vegetables daily. Whenever available and affordable, 
we urge people to choose the most safe and sustainably 
farmed options, using our DRI/residues guide and labels 
guide. By using our guides and making informed pur-
chases, consumers can protect themselves and support 
farmers who are reducing their pesticide use, which is 
better for human health and the environment. 
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Consumer Reports’ 
Food Safety and Sustainability Center’s 

Pesticide Policy Recommendations
Recommendations for the Environmental Protection Agency (EPA)
EPA should ban or take immediate action on the riskiest pesticides.
We agree with the canceling of methamidophos in 2009.  However, methamidophos is also the 
breakdown product of acephate, and combined, these two chemicals make up the largest contribu-
tion to dietary risk. Acephate, along with other major pesticide contributors to risk such as iprodione, 
fludioxonil, imazalil, and oxamyl should be fully banned. Other pesticides we would like discontin-
ued include methyl bromide, chlorpyrifos and other organophosphates. 

EPA should take immediate action on neonicotinoids.
Many crops, especially fruits and vegetables, face an uncertain future with the severe decline of 
pollinators. While many factors are at play, mounting evidence implicates neonicotinoid pesticides 
in their decline. Thus far, the EPA has delayed meaningful action in the name of more research. We 
believe there is enough information to take action now. Research should continue, but in the mean-
time, the EPA should proceed immediately with cancellation or reclassification proceedings, utiliz-
ing the “imminent hazard” provision, and suspend the use of these pesticides while proceedings take 
place. 

EPA should complete the delisting of arsenical pesticides.
Pesticides containing organic forms of arsenic are still permitted for use on golf courses, rights of 
way, sod farms and cotton crops. The use of these pesticides contributes to the contamination of our 
environment with this dangerous heavy metal. The EPA should deregister the use of these pesticides 
immediately.

EPA should improve the science behind tolerance limits. 
Tolerance levels should incorporate the best available science, including potential toxicological and 
health endpoints that are not included today. Those include stricter tests for more immunologic and 
neurobehavioral endpoints. Further, the EPA’s program for incorporating endocrine-disrupting 
effects into tolerances and pesticide approvals should be fully implemented as the FQPA directed in 
1996.  Epigenetic effects should also be incorporated when it becomes feasible. 

EPA should rein in emergency exemptions and conditional registrations. 
EPA “allows the use of a pesticide for an unregistered use for a limited time if EPA determines that 
emergency conditions exist.” The EPA can currently grant exemptions with or without public com-
ment or granting public access to supporting data. Emergency exemptions should only be granted 
for a finite period of time and after three years, should not be allowed to continue, especially when 
there are alternatives, including integrated pest management, crop diversification, and organic pro-
duction practices.  

Conditional registration means that the use of the pesticide can be allowed while the EPA waits for 
additional data to be submitted by the registrant.  This raises concerns about using materials where 
there is insufficient safety information. Many pesticides were first brought on the market through 
this pathway, including the neonicotinoid pesticide, imidacloprid. While the EPA has already started 
to close this loophole, there is still room for continued improvement.
 

EPA should require public access to all ingredients in pesticides 
and easy access to current registration status.
While active ingredients in pesticides must be disclosed, this requirement does not apply to “inert” 
ingredients. Only full disclosure of all ingredients on pesticide labels will enable the public and inde-
pendent researchers to begin evaluating the full range of synergistic effects. The EPA should issue 
new rules concerning disclosure of inert ingredients and should do so immediately. In addition, the 
EPA should provide an easy-to-search database of current pesticide registration status on its website.

Recommendations for the US Department of Agriculture (USDA):
USDA should expand pesticide residue testing in the PDP.
The USDA Pesticide Data Program (PDP) is an important tool for informing the public about pesti-
cide residues on produce and is used by the EPA for understanding pesticide exposure and setting 
tolerances. Currently, the USDA does not test for some widely used pesticides such as glyphosate and 
should. 

USDA should protect and promote organic standards and 
meaningful integrated pest management (IPM).
Conservation incentives should promote organic production methods and meaningful IPM—where 
chemical pest controls are utilized as last resorts and require review and approval.  The USDA should 
ensure the highest integrity in organics including minimizing the approval of exempted materials, 
such as pesticides.  

Recommendations for the Food and Drug Administration (FDA):
FDA should expand and improve pesticide residue testing and enforcement.
The FDA is charged with enforcing pesticide tolerance levels on fruits and vegetables.  According to 
a 2014 report by the U.S. Government Accountability Office (GAO), the FDA does not regularly test 
for some of the most common pesticides such as glyphosate, 2,4-D and methyl bromide.  In addition, 
the FDA tests only a very small percentage of both imported and domestic fruits and vegetables. The 
FDA should begin regularly testing for those chemicals identified by the GAO, and should increase 
its sampling of both domestic and imported produce.
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