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The use of trade, firm, or corporation names in this
publication, references to published work, and analytical
methodology is for the information and convenience of the
reader. Such use does not constitute an official endorsement
or approval by the US Department of Agriculture of any
product, service, or analytical method to the exclusion of
others that may be suitable.

Introduction

In 1991, the US Department of Agriculture (USDA) developed
a monitoring program designed to determine the levels of
pesticide residues in fresh and processed foods. This
monitoring program was referred to as the Pesticide Data
Program (PDP). The program is administrated within the Agri-
cultural Marketing Service (AMS) which employs specialists
that provide standardization, grading, and market news
services for many major commodities vital to US agriculture
(cotton, dairy, fruit and vegetable, livestock, and poultry).
AMS also services other USDA agencies, several Federal
departments, and the private sector food industry for consulta-
tion and analytical testing services. Because of the historically
valued association between food producers and AMS, it was
anticipated that by developing PDP within this organization of
USDA, food producers and the scientific community would
consider the pesticide residue data impartial.

Over the last decade PDP has evolved from a cursory
survey of a few commodities to being the primary source of
realistic pesticide residue data which uniquely support the
dietary exposure component of risk assessments performed
by the Environmental Protection Agency (EPA). PDP data
support international marketing of US food products, and
maintain the ability of both State and Federal governments
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and the agricultural community to respond to food safety
and marketing issues. Unlike tolerance enforcement
programs, PDP provides pesticide residue data for washed,
ready-to-eat produce from representative nationwide
sampling over significant time periods, focusing on high
consumption items. The pesticide residue data produced by
PDP are reported in a printed annual summary and are
available on the USDA Web site (http://www.ams.usda.gov/
science/pdp).

Commodity sampling and analyses are carried out with
the support of State and Federal agriculture laboratories.
The USDA Food Safety and Inspection Service (FSIS)
provides sample collection services for beef, pork, and
poultry. Participating water utility companies provide the
drinking water samples. PDP food sampling is based on a
rigorous statistical design that ensures the data are reliable
for use in dietary exposure assessments and can be used to
draw various conclusions about the presence of pesticide
residues in the Nation’s food supply (Kott & Carr, 1997).
Current funding allows for approximately 20 commodities
to be analyzed per year and each commodity is generally in
the program for at least 2 consecutive years. The sampling
sites include terminal markets and large chain store distribu-
tion centers from which food commodities are released to
supermarkets and smaller grocery stores. Samples are
selected from more than 500 sites and are chosen without
regard to country of origin or organic labeling.

The PDP laboratories monitor pesticides, metabolites,
degradates, and isomers using multiple residue methods
(MRMs). MRMs are used to detect numerous compounds in
a single analytical run and more than 30 methods are used
in this program to detect various organochlorines, organo-
phosphates, organosulfurs, organonitrogens, N-methyl
carbamates, pyrethroids, triazines, and conazoles/triazoles.
Nearly 200 different insecticides, herbicides, fungicides, plant
growth regulators, and metabolites/degradates/isomers of
parent compounds have been determined. In recent years,
nearly 1,000,000 discrete pesticide commodity pairs (i.e.
azinphos-methyl-apple) are determined per year. Almost
10,000,000 measurements have been made during the
course of the program.
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Figure 1. Map of the United States Indicating States Participating in the

PDP Program and Associated Food Distribution Areas.

Sample Collection
Sample collection is done in 10 States participating in PDP.
Twelve additional, mainly neighboring States, are in the
direct food distribution networks of the participating States
(Figure 1). Together, they represent the major domestic
producers of fruit and vegetables, about 50% of the
Nation’s population, and all 4 census regions of the US The
States provide AMS and USDAs National Agricultural
Statistical Service (NASS) with annual volume information
for commodities distributed at each sampling site to be used
in a probability-proportionate-to-size method of site selection.
A weight of 10 is given to a site that distributes 100,000
kilograms of produce annually and a weight of 1 given to a
site that distributes 10,000 kilograms, resulting in the larger
site being 10 times more likely to be selected for sampling
than the smaller site. Collection of commodities is randomly
assigned to weeks of the month, prior to selection of specific
sampling dates within a week. State population figures are
used to assign the number of samples scheduled for
collection each month (California, 14; Colorado, 2; Florida,
7; Maryland, 4; Michigan, 6; New York, 9; Ohio, 6; Texas,
8; Washington, 4; and Wisconsin, 2). This schedule results in
a monthly target of 62 samples per commodity, or 744
samples of each commodity per year. Grains, beef, pork, and
poultry are collected by USDA employees using a weighting
scheme based on annual crop production estimates (grains)
and production volumes at slaughter houses (meats).
Drinking water has been sampled at sites in California and
New York which reflect two highly populated regions with
divergent climates and hydrogeological features. More rural
sites in Colorado, Kansas, and Texas have been sampled when
EPA specifically requested monitoring data in those areas.
Twenty seven different types of fresh fruit and vegetables,
21 different types of processed commodities, 5 types of grain
and wheat flour, cow’s milk, butter, beef adipose, beef liver,
beef muscle, chicken adipose, chicken liver, chicken muscle,
and drinking water samples have been analyzed since the
inception of the program (Table 1). These items represent
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foods which are consumed in relatively high
amounts, often by children, and, with the
exception of meats and frozen commodities, can
be eaten raw. The samples are generally composite
samples ranging from 1-5 Ibs (450-2250 grams),
although pilot studies of sampling and analysis of
single serving-sized apples, pears, and peaches (i.e
0.5 Ibs or 200 gram) have been performed
(Lamont, 2002).

Analysis of Pesticides
Upon arrival at the testing facility samples are
prepared by emulating consumer practices. The
inedible portions of fresh fruits and vegetables
are removed and the sample is peeled and washed
under fresh running water before being chopped
and homogenized. Juices are diluted with water
according to the label directions and canned and
frozen fruit and vegetables are homogenized with
any liquid present. Grains and meats are homo-
genized in the uncooked form. Homogenized
samples are frozen at —40c C or lower if they are not
analyzed immediately.

Various types of detection systems and gas and/or liquid
chromatography are used for the identification and quantifi-

Table 1. The Comprehensive List of Commodities
Sampled and Analyzed by USDA PDP from 1993
Through 2003

Fresh Commodity Processed Product

Apples Apple luice

Asparagus Apple Sauce

Bananas Butter

Broccoli Corn Syrup

Cantaloupe Grape Juice

Carrots Green Beans, canned/frozen
Celery Orange Juice

Cherries Peaches, canned
Cucumbers Peanut Butter

Grapefruit Pears, canned

Grapes Peas, canned, frozen
Green Beans Spinach, canned, frozen
Lettuce Strawberries, frozen
Mushrooms Sweet Corn, canned, frozen
Nectarines Tomato Paste, canned
Onions Tomatoes, canned
Oranges Winter Squash, frozen
Peaches

Pears Grains

Pineapples Barley

Potatoes Oats

Spinach Rice

Strawberries Soybeans

Bell Peppers Wheat (grain and flour)
Sweet Potatoes

Tomatoes Meats (Beef, Chicken:
Winter Squash muscle, adipose, and liver)

Other (Milk, Water)
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Table 2. A Summary of PDP Data. The Overall Percent of Samples with Detectable Pesticide Residue is

Indicated.
Year Samples Detects % Detects Imported Over tolerance No tolerance
(into U.S.)

1993 7,328 5,171 71 1,237 14 90
1994 7,589 4671 62 1,260 4 92
1995 7,524 4973 67 1,143 9 293
1996 5771 3,899 68 593 7 221
1997 7,835 4,349 56 804 7 406
1998 8,500 4,683 55 1,305 12 267
1999 9,125 5,837 64 1,791 19 301
2000 10,907 6,215 57 2,032 19 134
2001 12,264 6,882 56 2,100 14 217
2002 12,899 5,425 42 2,411 45 355
2003 12,316 6,845 56 1,477 85 157
Overall 102,058 58,950 58 16,153 185 2533

cation of pesticides. Laboratories exclusively rely on MRMs
which are efficient analytical procedures collectively con-
sisting of organic solvent extraction of a sample matrix,
removal of interfering natural components, and analysis by
chromatographic means (Luke et al, 1975). The laboratories
are routinely improving extraction procedures to improve
efficiency (Hsu et al, 1991; Fillion et al, 1995; Sheridan &
Meola, 1999).

All MRMs were found, through method validation
procedures, to produce reliable data for EPA risk assessment
purposes. PDP laboratories establish limits of detection
(LODs) and report any instrumental response below
the LOD as a “non-detect”. LODs are established experi-
mentally for each pesticide/commodity pair, are reported
with each data set, and are verified periodically. Specific
commodities are generally analyzed in only one or two
laboratories to minimize any variation in LOD’s (which are
typically less than a factor of 2) and to ensure the same
pesticides can be determined reliably. In one extreme (rare)
case, two different laboratories determined an LOD with an
approximate 10 fold difference in the values (0.0029 ppm vs
0.025 ppm); the number of detections differed by ~10%
(diphenylamine-apples).

All residues identified must be verified by mass spectrom-
etry or a second detection system. Strict quality control and
quality assurance protocols are based on EPA’s good
laboratory practice guidance and include written standard
operating procedures (SOPs) to provide uniform administra-
tive, sampling, laboratory procedures, on-site laboratory
reviews, proficiency testing samples, and quality control
procedures, which include reagent blanks, matrix blanks,
matrix spike(s), process control spikes and method
performance measures.

Sample Results

To date PDP has collected and analyzed more than 100,000
samples, of which about 65% are fresh fruit and vegetables.
Approximately 82% of all samples were from US growers
and 16% were imported. Of the total, nearly 21,000
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samples were processed commodities, roughly 6,000 were
grains, 3,400 beef and chicken, 1,900 cow’s milk, 700
butter, and 1,700 were drinking water.

For the period 1993-2003, the overall percent of samples
with detectable pesticide residues was 58% (Table 2). The
detection rate varied substantially, ranging from 71% in
1993 to 42% during 2002. Although no rigorous attempt
was made to correlate these data with pesticide usage, with
the exception of 1999 and 2003 the detection rates have
been 55 +/-2% for 5 out of the last 7 years. This result is
noteworthy considering that different groups of commodities
are analyzed each year and not all the same pesticides are
measured on each commodity. Commodities having residues
with no current EPA tolerances were found in 1.2-5.1% of
the samples. In each year, less than 1% of the samples had
residues above established EPA tolerances.

As expected, pesticide residues were more abundant in
fresh fruit and vegetables than processed foods, meats, or
milk. Approximately 65% of the fresh fruit and vegetable
samples had detectable pesticide residues in the washed,
edible tissues. Pesticide residues were detected in 34% of the
processed commodities, approximately 47% of the grain
samples, 15% of the milk samples, and 10% of beef and
chicken tissue samples. Fifty-one percent of the water samples
contained detectable pesticide residues, although it should be
noted that the detection levels were typically on the order of
low parts per trillion which is many times lower than levels of
pesticides found in typical food matrices (ppm).

The percent of commodities with detectable residues varied
substantially ranging from <1% (onions) to 97% (nectarines).
Although the majority of fresh fruit and vegetables have
residue detection rates greater than 50%o, only six commodities
that have been sampled for two or more years, consistently
had detectable residues on 90% or more of the samples
(apples, celery, cherries, nectarines, peaches, strawberries).

Interestingly, the percentage of samples with detections
was remarkably similar for several commodities over, in
some cases, nearly a 10-year period (Table 3). For example,
the percent detectable residues in peaches and oranges ranged
from 91-99% and 80-86%, respectively. This relatively
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Table 3. Pesticide Residue Detection Rates for Selected Commodities.

Commodity Percent detections
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002  Allyears

Apples 97 95 95 98 - - 90 79 91 91 93
Bananas 61 55 62 - - - - - 45 39 51
Carrots 65 69 71 78 - - - 80 81 85 75
Grapes 75 75 80 80 - - - 69 73 - 75
Green beans 66 61 51 - - - - 69 62 - 63
Lettuce 51 53 - - - - 38 37 49 - 47
Oranges 80 86 84 84 - - - 80 83 - 83
Peaches 91 93 92 96 - - - 94 99 98 95
Pears - - - - 95 85 74 - - - 85
Potatoes 79 78 83 - - - - 70 82 90 80
Spinach - - 83 88 79 - - - - 74 82
Strawberries - - - - - 91 92 91 - - 91
Tomatoes - - - 64 63 62 67 - - - 63
Winter squash - - - - 40 42 41 - = - 41

narrow range for these commodities was unexpected, as
season to season pest pressures, variable weather conditions,
and geographic extent of production are expected to influence
pesticide use significantly both in number of seasonal applica-
tions and types of pesticides needed.

A thorough examination of the distinct pesticide com-
modity pairs for data trends is beyond the scope of this
review, however, a few general observations can be noted.
Post-harvest use of fungicides may be expected to contribute
both to the relatively high and relatively consistent detection
rates where year to year application rates are not likely to
vary for established compounds. When recent data for
several commodities were examined, PDP data demonstrate
that the fungicides thiabendazole and iprodione were the
most frequently detected pesticides in/on oranges during
2001 and peaches during 2002, respectively. Thiabendazole
is the most frequently detected pesticide on bananas and
detected in more than 60% of the apple samples over the
entire sampling period.

Generally, samples with detectable pesticide residues were
less abundant in processed foods (i.e. canned, frozen, juiced).
Notable exceptions were canned green beans and canned
spinach, which have similar detection rates for some
compounds compared with the fresh food form. In 2002, for
example, thiabendazole was detected in approximately 72%
of fresh apples, but was detected in only 28% and 24% of the
apple juice and apple sauce samples, respectively (Table 4).
Azinphos-methyl was detected in about 37% of fresh apples,
but residues were detected in only 0.1% and 0.6% of the of
the apple juice and apple sauce samples, respectively.
Diphenylamine was reported in about 76% of fresh apples,
but was only detected in 8.5% of apple juice samples and
40% of apple sauce samples. In contrast, captan was reported
in 10% of fresh apples, but no residues were detected in apple
juice or apple sauce. Phosmet was not detected in apple juice
or apple sauce, but was detected in 13% of fresh apples.

Pesticide residues detected in spinach showed less
variation in detection rates regardless of whether samples
were fresh, frozen, or canned (compared with the apple
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Table 4. Comparison of Pesticide Residues in Fresh
and Processed Apple and Spinach.

Fresh Apples  Apple luice  Applesauce

Pesticide Percentage of Samples with Detections
Azinphos methyl 37 0.1 0.6
Captan 10 nd nd
Diphenylamine 76 8 40
Phosmet 13 nd nd
Thiabendazole 72 28 24
Fresh Canned Frozen
Spinach Spinach Spinach
DDE p,p’ 28 21 43
Methomyl 6 nd 10
Permethrin 61 79 61

Apple data was collected during a single year (2002)
Spinach data was collected in 1998 (canned), 1999 (frozen),
2002 (fresh)

nd=not detected

example above) presumably due to the nature (chemical heat
and environmental stability) of the chemical residue (Table 4).
For example, DDE p,p” was detected in 28% of fresh
spinach samples, 21% of canned spinach, and 43% of
frozen spinach. Permethrin was detected in 61% of fresh
spinach samples, 79% of canned spinach, and 61% of
frozen spinach. Methomyl was detected in fresh and frozen
spinach samples, but not in canned spinach. Several other
comparisons of fresh and processed commodities demon-
strating similar results have been reported (Punzi, 2004).
Title 21 Code of Federal Regulations Part 110.110 allows
the US Food and Drug Administration (FDA) to establish
maximum levels of natural or unavoidable defects in foods
for human use that present no health hazard. Due to the
environmental persistence of some organochlorines, residues
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of some of these compounds may be detected in foods and
animal feed. Residues of DDE p,p’, a DDT metabolite, and
DDT have been detected in foods even though the uses of
DDT as a pesticide have been prohibited in the US since 1972.
From 1993-2003, approximately 37% of carrot samples, 39
percent of spinach samples, 7% of potato samples, 44% of
beef adipose, and 15% of cow’s milk samples contained DDE
p,p’. Residues of DDE were occasionally found in other
commodities, although much less frequently. The maximum
residue value found was approximately 1 part per million
(ppm) in one sample of beef adipose and a few others near 0.5
ppm; however, the residue values are typically much less and
all detections of DDT metabolites were below the established
action levels set by FDA.

With the exception of DDE, PDP data for cow’s milk
shows that no pesticide residues were detected in more than
3% of the samples. Pesticide residues were not detected in
beef muscle or beef liver in the nearly 600 samples analyzed
to date. Similarly, pesticide residues were rare in chicken
muscle and liver, but a few adipose samples contained DDE
and dieldrin up to 0.005 ppm.

The data generated by PDP reflect pesticide residues in
foods available to the US consumer, including both domestic
and imported products. Many commodities are almost entirely
of domestic origin with only a minor import component.
However, some fresh commodities, such as grapes, peaches,
and pineapples, are from domestic growers during part of
the year and imported during the remaining months. When
PDP samples are collected, the country of origin information
is obtained allowing imported versus domestic produce to be
compared. For example, detection rates of selected US and
imported commodities from Chile and Mexico were
compared for at least 1 full year (Table 5). The percent of
peaches with detectable residues averaged 95% and 98% for
the domestic and Chilean crop, respectively. Similarly,
detection rates for imported versus domestic winter squash
and green beans were approximately equal. Chilean grapes,
however, averaged 92% detection rates as compared with
65% for domestic grapes. Mexican cucumbers showed 92%
detection rates compared with 62% for the domestic crop.

Table 5. Comparison of Pesticide Residues in
Selected Commodities from US, Chile, and Mexico.

Origin Commodity Samples Detections %
Analyzed
us Peaches 812 779 95
Chile 808 791 98
us Grapes 1,379 898 65
Chile 1,085 994 92
us Green Beans 1,137 726 64
Mexico 243 177 78
us Cucumbers 780 487 62
Mexico 618 566 92
us Winter squash 605 236 39
Mexico 331 139 42
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Although detection rates in some commodities were
approximately the same, the distributions of pesticide types
are clearly dissimilar (Table 6). Considering recent data,
about 20% of Chilean peaches were found to contain
residues of methamidophos compared with <1% for
domestic peaches. Conversely, Chilean peaches were found
to contain no residues of dicloran, compared with 24%
detected in the US product. Fludioxonil was found on 49%
of domestic peaches and none of the Chilean products. The
differences in pesticide detection could reflect different uses
because of varying pest pressures, agricultural practices,
and/or economic choices.

Table 6. Comparison of the Distribution of Selected
Pesticides Residues in Peaches from Chile and US

Pesticide Origin Samples Detections %
Analyzed
Azinphos methyl United States 812 117 14
Chile 808 636 79
Carbaryl United States 812 158 19
Chile 808 236 29
Chlorpyrifos United States 812 109 13
Chile 808 432 53
Dicloran United States 812 194 24
Chile 808 4 <1
Esfenvalerate United States 537 34 6
Chile 680 93 14
Fenvalerate United States 537 31 6
Chile 680 122 18
Fludioxonil United States 539 265 49
Chile 548 0 0
Iprodione United States 789 287 36
Chile 808 692 86
Iprodione isomer United States 802 140 17
Chile 808 475 59
Methamidophos  United States 812 1 <1
Chile 808 158 20
Phosmet United States 812 561 69
Chile 808 331 41

The data collected by PDP are useful not only for single
chemical risk assessments and future cumulative assessments
based on common modes of toxicity, but will be funda-
mental to assessing dietary exposure and subsequently
estimating the risks associated with exposure to multiple
pesticides of varying modalities and degrees of toxicity. The
most recent data available indicate that more than one
residue was detected in 23% of all samples tested. Although
exceedingly rare, some samples contained up to 12 different
pesticide residues. During 2003 for example, 7 samples were
found to contain 11 different pesticide residues. While 6,091
samples analyzed during 2003 contained no detectable
residue, more than 700 samples contained 4 or more residues.
Most multiple residue detections result from application of
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more than one pesticide on a crop during a growing season.
However, other possible sources contributing to the number
of multiple residue detected are: pesticide formulations
containing two or more isomers, degradation of a pesticide
resulting in one or more metabolites, spray drift, uptake
through crop rotation, contamination at packing facilities,
and persistent environmental residues like DDE.

Summary and Conclusions

Since its inception PDP has collected and analyzed more
than 100,000 samples of a large variety of fruit, vegetables,
grains, meats, milk, and drinking water for pesticide residues
providing realistic data for dietary exposure assessments.
During this period the overall percent of samples with detect-
able pesticide residues was approximately 58% although the
rate varies substantially by commodity. The percentage
of samples with detectable residues was remarkably similar
for several commodities over numerous growing seasons
suggesting consistent pesticide usage.

We found commodities having residues with no current
EPA tolerance in 2.6% of the samples perhaps due to
inadvertent contamination of a crop by spray drift from
adjacent fields. In no year have more than 1% of the
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samples demonstrated residues above established EPA
tolerances which suggests that illegal pesticide uses on foods
is rare.

Generally, samples with detectable pesticide residues were
less abundant in processed foods where extensive washing,
processing and /or heating is expected to remove or reduce
residues. Notable exceptions of canned green beans and
canned spinach demonstrate that some residues are more
tolerant of processing than others presumably based on the
chemical stability. A classic example of a compound with
well know environmental stability is DDE p,p” and we have
found that residues of DDE p,p” continue to be detected in
significant amounts of foods especially spinach, root crops,
and beef adipose more than 30 years after its use was
prohibited.

Although detection rates in some commodities imported
into the US were approximately the same as the domestically
produced variety, the distributions of pesticide types are
clearly different. These differences in use patterns could be
due to economic considerations, dissimilar pest pressures or
local growing practices.

PDP data have been useful for prediction of dietary
exposure for a number of single chemical assessments and
are suitable for assessing exposure to multiple compounds
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from single sources. Clearly, the most challenging risk
assessments are forthcoming and methods to estimate and
quantify dietary exposure are currently being developed to
incorporate these novel data. PDP data are complimentary
to those generated by FDA's total diet study which examines
prepared foods for nutritional as well as toxic contaminants
and pesticide residues (Yess et al, 1993).
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