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While public confidence in the fresh
food supply has rebounded in recent
months, consumers still identify pesticide residues as a major food safety
concern -and 8% of Californianssay
they buy less fresh produce as a result.
This paper explains how pesticides
in food are regulated, explores the effectiveness of these regulations, and offers alternatives to consumers who are
not satisfied with the current process. It
was prepared by four members of a diverse, UC-sponsoredcommittee which
met for 20 months to examine the
university’s food safety research and
education.
Appointed by Kenneth Farrell, Vice
President of UC’s Division of Agriculture
and Natural Resources, committee
members came from consumer and environmentalgroups, the California Legislature, farm and food industries, the
public health community, the University
of California, the California Department
of Food and Agriculture, and Stanford
University.
Although the diverse membership
did not reach consensus on all issues,
members clarified their own understandings about food safety. The following article will be used by UC as an
educational tool throughout the state.
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n February, 1989, “60 Minutes” aired the
Natural ResourcesDefense Council findings that Alar, a chemical growth regulator used on some apples, posed potential
health risks for school children. Food
safety subsequently made the cover of
Time, and was treated by Nezusweek and
Phil Donahue, among others. Apples and
apple juice disappeared from many school
cafeterias.
In March of the same year, two grapes
Shoppers at the Davis Farmers’Market. imported from Chile were found to be
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Steven Fukushima performs taste test.
contaminated with cyanide (an apparent
case of tampering). All Chilean fruit already in the U.S. at the time was then
withdrawn from the market.
The profound psychologicalimpact of
these events on supermarketshoppers is
now well documented. In January of 1989
81% of consumers polled said they were
completely or mostly confident that the
food in their supermarket was safe. That
figure plummeted to 67%two months
later, according to surveys conducted by
the Food Marketing Institute.
The Packer Focus Fresh Trends '90 survey
revealed that consumer confidencewas
slow to rebuild. That survey reported that
17%of shoppers nationwide were buying
less fresh produce because of concerns
about pesticide residues. In a more recent
UC survey of California shoppers, 8%volunteered they had curtailed some purchases of fresh produce.
Although the National Research Council (of the National Academy of Sciences)
has concluded that fruits and vegetables
help reduce the likelihood of cancer, consumers are not convinced. The Pucker survey found that only 54%agreed that "the
potential health benefits of eating fresh
fruits and vegetables outweigh the potential risks from pesticide residues." Almost
half -46%- disagreed.
Because consumers are faced with increasingly complex and often contradictory informationabout food safety, the following report is intended to provide them
with a basic account of current regulatory
practice, and a context in which to understand the current controversies.

What is acceptable risk?
Both the EnvironmentalProtection
Agency (EPA) and the Food and Drug Administration (FDA) say that diet is the
most sigruficantlong-term source of pesticide exposure for the general public. But

authorities disagree on how much risk is
posed by pesticides. They also differ on
what is "acceptable risk."
In some instances, the general public,
policy makers or consumer and environmental advocates support a "zero risk"
concept. An example is the 1958Delaney
Amendment to the Food, Drug and Cosmetic Act. The amendment states that no
food additive should be allowed if it is a
known carcinogen.Another piece of legislation which defines risk is California's
Proposition 65, stating that sigruficantrisk
is one hypothetical cancer-related case in
100,000. In general, however, laws regulating pesticides do not define acceptable and
unacceptable risk.
While the Food and Drug Administration (FDA) implements some parts of the
Food, Drug and CosmeticAct, the Environmental Protection Agency (EPA)
implements the sections concerning pesticides. Several congressional acts empower
the EPA to regulate pesticides -whether
in food, the environment or toxic waste.
Regulation stems from standards set during pesticide registration.By law, each
registration is based upon a risk-benefit
analysis.
It is this analysis of benefits and risks
that creates much of the controversysurrounding the use of pesticides. Benefits
and risks are not perceived the same way
by everyone and they seldom are equally
distributed.
Benefits may translate into longer cropgrowing seasons, larger yields, and more
attractive, affordable food products that
have less waste and a longer shelf life.
Risks may translate into pesticide applicator and farmworker hazards; adverse ef-

fects on the environment such as ground
water contamination, and consumer exposure to residues on the food they eat.

Zero risk vs. negligible risk
The scientificc o m m d t y generally
agrees that the concept of "zero risk" associated with human health is unrealisticbecause everythmg we do has some risk associated with it. For example, if the
government were to ban all fungicides
that present a cancer risk, fungi in fresh
produce would increase. Fungi manufacture their own natural carcinogens (such
as aflatoxins)in sisruficantamounts.
In assessing risk, scientists and regulators use different procedures for carcinogens and noncarcinogens. (See f i s. 1and
2.) The concept of "negligible risk or "no
sigruficantrisk" is widely accepted as the
basis for carcinogen risk assessment studies. A cancer-causingsubstance is said to
pose negligible risk if the population's exposure to this substance at its regulatory
limit could potentially cause one additional cancer in a million people.
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Figs. 1 and 2. Government agencies use different methods to regulate cancer-causing and
noncancer-causing substances.
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Although it is not written into law, the
concept of negligible risk is used in the
risk-benefit analysis. Several conservative
assumptions are normally applied. For instance, cancer risks are typically expressed
as the "upper bound or the highest incidence expected, based upon a theoretical
model; the lower bound may be several
orders of magnitude less and may, in fact,
be zero. The regulatory limit is typically
set at the 95%confidence limit, meaning
that there is 95%probability that the
health risk posed by that dose will not exceed one additional cancer in a million
people.
While risk estimates for potentially carcinogenicpesticides are useful for regulatory purposes, they do not predict actual
human cancer incidence. EPA scientists
use the worst-case scenario when predicting the effects of very low doses of pesticides on humans from the effects of very
high doses on laboratory animals. Regulators may also make conservative assumptions about what is a possible carcinogen.
Negligible risk for noncarcinogens is
also based upon conservative assumptions
called "safetyfactors."Acceptable daily intake (ADI) values are usually calculated
by reducing the maximum "no observable
effect level" in experimentalanimals by a
safety factor in the range of 10 to 1,000 (fig.
1).A 100-fold safety factor is common.
This is based on the assumption that humans are 10 times more sensiqve than the
most sensitive animal species studied and
that some humans are 10 times more sensitive than the least susceptiblehumans.

The regulatory process
Before a pesticide can be used on a crop
it must be registered for use by the EPA.
And before the EPA will consider registering a new pesticide, the company that developed the pesticide must submit the results of studies showing the pesticide's
toxic effects on laboratory animals, at what
doses it caused them, and studies of how
the proposed pesticide behaves in the environment. (See box.) Studies showing the
effects of the pesticide on non-target animals such as fish, birds and wildlife may
also be required.
If the use of a pesticide has the potential to leave a residue on a particular food
item, the EPA will require that pesticide
residue studies be performed. These studies are done in a variety of geographical
locations under the most severe application conditions-maximum application
rate, maximum number of applications
per year, and shortest interval between the
last pesticide application and harvest.
At the conclusion of the residue studies, the maximum residue observed will be

determined and the manufacturer of the
pesticide will request that a tolerance, or
maximum allowable residue level, be
granted by the EPA that slightly exceeds
the maximum residue observed.
The EPA then calculates the theoretical
maximum (worst-case)consumer exposure to the pesticidefrom all foods. The
EPA will usually not approve a tolerance
unless total theoretical exposure is below
the acceptable daily intake (ADI).The AD1
is defined as the level of daily exposure to
a pesticide residue which, over a 70-year
human life span, will have no negative effect. "Reference dose," a new term in EPA
parlance, is sometimes used for ADI.
ADIs are determined from toxicology
studies using laboratory animals.Large
doses of test chemicals are used to maximize the chances of finding any adverse
health effects in a relatively short time
span. The dose or exposure level that produces no noticeable toxic effect on test animals is reduced by a safety factor -usually 100-fold - and then is used as the
basis for determining the AD1 for humans.
(See fig. 1)
For carcinogens,regulatory limits not ADIs -are calculated. Generally, the
regulatory limit is the dose which poses
negligible risk -that of causing one additional cancer in 1million people. (See fig.
2.) This standard is commonly used in the
risk-benefit analysis, but the EPA is not required to limit risk to a certain level. It is
required to register pesticides based upon
the entire picture of risks and benefits.
Inert ingredients are not considered
when setting tolerances. This means that
there is limited health information on
some of the 800 to 1,200 inert ingredients
that are commonly used as solvents, stickers, spreaders and for other purposes in
the pesticide formulations.Inert ingredients may constitute a very large or very
small portion of a formulation.The EPA
has identified 50 of 1,200 possible inert ingredients which are of known toxicological concern.
The effects of combinations of pesticides also are not usually considered.The
most common way for chemicalsto interact is to cause additive effects. That is, the
combined effect of two or more chemicals
equals the total of the individual effects.
Chemicalsmay also be antagonistic, that
is, the effects cancel each other. Or they
may be synergistic, with the combined effect being more than the additive effect of
the pesticides. However, safety factors
built into the risk assessment process and
into setting the acceptable daily intake are
presumed to compensatefor potential interactions and for differencesin sensitivity
among people.
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What registration really means
Registration of a pesticide means that it
can be used to control specificpests on
specific crops as long as certain conditions
-such as application rate and timing are met. It also means that the EPA, after
reviewing required research results, has
concluded that the benefits from the use of
the pesticide outweigh the risks.
These legal conditionsfor a pesticide’s
use must be on the label, along with additional informationabout protection
needed for applying the product, minimum intervals between pesticide application and harvest, and guidelines on how to
handle spills and other emergencies.It is
illegal to apply a pesticide in a manner not
specified on the label.
Although the AD1 is a health-based
standard, tolerances are enforcement standards. Residues that exceed tolerance values indicate pesticide misuse, but rarely
create health risks because over-tolerance
residues seldom cause consumer exposure
to exceed the ADI. Even if the AD1 is temporarily exceeded, such short-term exposure would rarely cause harm because the
AD1 is typically based on lifetime exposure.
Individual states have the right to require their own data in their own registration process. About half of the state governments, including California,have
adopted even more stringent standards
than the federal government in controlling
the use of pesticides. California has the
most comprehensivestandards, requiring
data relating to worker exposure, ground
8

water contamination, medical manage-- -ment and other areas.
The great majority of pesticides in use
today were registered before extensive
toxicology testing was required. This does
not mean that no studies were done, but
rather that studies, adequate at the time,
do not meet more comprehensive current
standards. Legislation in 1972 called for reregistration of these pesticides. However,
of 822 active ingredients in current use,
only two have been reregistered to date.
Of the 822, about 350 are pesticides which
may leave residues on food.
Congress in 1988 accelerated the time
table for national re-registration, requiring
pesticide manufacturers to fill in “data
gaps” by 1997to determine whether these
older products should maintain their registrations (FIFRA, 1988).Critics of the system say that the re-registration process is
moving too slowly and that certain older
pesticides should not remain in use in the
interim.

The monitoring and enforcement
process
Once established, tolerances are the basis for monitoring pesticide application
practices. At the federal level, monitoring
is done by the U.S. Food and Drug Administration (FDA). At the state level, it is
done by the CaliforniaDepartment of
Food and Agriculture (CDFA). Independent laboratoriesalso do testing on a contract basis with supermarkets and growers.
In 1989, the FDA analyzed 18,113 food
samples in their routine surveillance. Of
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Tom Anderson, a pesticide use specialist for
the CDFA, takes random samples at a commercial produce distribution center in West
Sacramento.

these, 59%were from foreign countries.
No residues were found in 66.3%of food
samples tested; 31.2%contained legal, detectable residues, and 2.5% contained residues that exceeded tolerances or occurred
on crops for which they were not registered.
The CDFA testing program in 1989
analyzed 14,987 samples of food in a variety of different programs. A majority of
the samples -9,403 samples from 179 different commodities -were taken from
the ”marketplace,” which includes wholesale and retail markets, chain store distribution centers, packing houses, and points
of entry into California.Of these samples,
54.8%were from food grown in California,
10.8%from food grown in other states,
and 34.4%from foreign countries. No residues were detected in 78%of these marketplace samples. Residues within tolerance limits were found in 21%. Illegal
residues were detected in less than 1% of
the samples, most of which were from pesticides not authorized for use on the commodity being tested. Fewer than one quarter of 1% of the samples showed residues
above tolerance levels.
When monitoring food imports, the
FDA and CDFA test for several pesticides
which have been cancelled in the United
States but which are still in use elsewhere.
For example, the CDFA tests for DDT,

CDFA agricultural aide Sergio Santiago tests asparagus samples for pesticide residues. He first
grinds each sample, then separates liquids fromsolids using solvents. The fraction of the liquid
containing pesticide residues is then analyzed (see column on left). It is tested for three classes
of residues: chlorinated hydrocarbons, organic phosphates, and carbamates.

heptachlor and chlorinated hydrocarbons
such as aldrin and dieldrin.
The CDFA also operates testing programs for priority pesticides, produce destined for processing, and crops still in the
field. The Priority Pesticide Program in
1989 targeted 36 pesticides identified as
”chemicals of concern” because they
posed possible long-term dietary risk. Examples include acephate, 2,4-D, captan,
paraquat and alachlor. In thisprogram,
the CDFA tested only crops known to
have been treated with these pesticides. Of
the 2,165 samples analyzed, 90%contained
no detectable residues. Only one sample
was not within tolerance.
More than 91% of the 1,061 samples
taken from produce destined for processing contained no detectable residues. The
remainder were within tolerances. Four
samples contained illegal residues from
the standpoint that no tolerances had been
established for the crops on which they
were detected.
Some 2,358 preharvest samples of 119
commodities taken to monitor for illegal
pesticide use during the growing season
produced illegal residues in onethird of
1% of the samples.
A test showing no residues or residues
within established tolerances suggests that
the sampled pesticides were used properly
in the production of that particular crop. A
residue over tolerance signals that the control system did not work as planned and
triggers investigationby CDFA.
In all of these testing programs, less
than 2% of our food supply is actually
sampled. To compensate, the sampling
10
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programs are intentionallybiased toward
finding residues. Emphasis is placed on
foods most likely to have residues and
where problems have surfaced in the past.
Limits on time, funds and technology
prevent testing for all possible pesticides
used on food crops. The focus is on the
most used pesticides and those that pose
the greatest health concerns. Residues
from pesticides wrongfully used on a crop
or inadvertently picked up from neighboring crops or soil residuals may go undetected. The system is designed to catch the
most likely offenders and do the best job
possible within the economic constraints.
Independent private food testing services also have been established in recent
years. They operate under contract with
individual supermarketchains and growers who want to c e w their products as
having “no detected pesticide residues.”
The independent laboratoriesare subject
to the same limitationsas the government
laboratoriesin terms of the number of
samples taken, chemicalssampled, and
detection limits.

Scientific uncertainty
Additional difficulties are encountered
in the estimationof human exposure to
pesticides in the diet. In some studies, estimates of pesticide residue levels have been
based on the erroneous assumption that
typical pesticide residue levels are equal to
tolerance values. Government monitoring
programs show that residues approaching
the tolerance level are rare. Also, food processing, transportation and handling practices such as washing, peeling, and cook-

At left, farmworkers Lupe Garibay and Ricardo

Fuentes hand harvest organically grown new
potatoes at Capay fruit and vegetables, an organic farm in the Capay Valley, California.

Above, the predatory mite, Phytoseiolus
persipilis,is shown here attacking a
twospotted spider mite. This species is a very
effective predator of spider mites when the
weather is cool; releases have been used successfully to control mites in greenhouses and
with some success in commercial strawberry
fields.
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ing dramaticallydecrease the amount of
residue that is ultimately consumed. However, processes such as food concentration
or dehydration may increase levels of pesticide residues or pesticide breakdown
products. Studies have shown, nonetheless, that concentrated and dehydrated
food products typically contain residues
below tolerance levels.
For example, the FDA annually conducts a Total Diet Study involving "market baskets" of selected food items, including meat and poultry. Four market
baskets, each in a different region of the
country, are filled with the same 234 food
items. These foods are prepared in a
"ready-to-eat" fashion before they are analyzed for residues.
Although the Total Diet Study suffers
from statistical limitations (due to small
sample size) and does not detect residues
of all possible pesticides, its annual findings have been consistent and are generally considered to be the most accurate
representation of human exposure to pesticides in the United States.
Results from recent FDA Total Diet
Studies indicate that human exposure to
pesticides is typically far below the established acceptable daily intakes. Exposures
normally range from 0.1% to 1% of the

ADIs, depending on the individual pesticide and the population subgroup for
which consumption estimates are based.
Assuming a safety factor of 100 which is
commonly used when establishing ADIs,
these ranges represent exposures that are
10,000 to 100,000 times lower than doses
that have not caused any observed effects
in long-term animal toxicology studies.

Consumer alternatives
Because of personal concern about pesticide residues in food, some consumers
are taking action.
Individual actions can include washing
produce with water (soap or detergent is
not recommended)before eating it. The
effectivenessof washing depends on the
chemical and the commodity. One study
showed as much as 97%or as little as 9%
may be removed by water washing. Washing does not remove systemic pesticides.
However, systemics are typically registered for use early in the growing season
so that residual amounts at harvest are below tolerance.
Other consumer alternatives include
backyard gardening without pesticides,
and supporting alternative agricultural
practices that eliminate or reduce the use
of pesticides in growing crops.

Public actions include making preferences known to people who can make a
difference, whether it is the local grocer or
legislative representative.
People also can learn about and s u p
port programs which work to reduce pesticides in the environment.These include
two programs in Uc's Division of Agriculture and Natural Resources: Sustainable
Agriculture Research and Education (916752-2379) and Integrated Pest Management (916-752-8350).
Despite the concerns surrounding the
issue of pesticide residues in our food,
there is general agreement that eliminating
fresh fruits and vegetables from the diet is
not a viable alternative.Eating a variety of
foods, including two to four servings of
fruit and three to five servings of vegetables a day, is still the cornerstoneto a
healthy diet.
G. A. Beall is Extension CommunicationsSpecialist, UC Davis; c.M . Bruhn is Extension
ConsumerFood Marketing Specialist, UC
Davis; A. L. Craigmill is Extension Toxicologist, UC Davis; and Carl Winter was Extension Toxicologist,UC Riverside,and is now
Extension Food Toxicologist,UC Davis.
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