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Children Pesticide Exposure Study 
(CPES)

Study Hypothesis
Does dietary intake contribute the 

majority of pesticide exposure in 
urban/suburban children ?



Study Design
23 children ages 3-11 ONLY consuming 
conventional diets,
Children participated in the study for one 
year, separated by 4 seasons,

15 consecutive days in summer;
12 consecutive days in fall;
7 consecutive day in the following winter and 
spring seasons.



Study Design
From Day 4 - 8 (a total of 5 days) in summer and 
fall sampling seasons, children’s conventional diets 
were replaced with organic food items,

Mostly fresh and processed fruits and vegetables, juices, 
wheat- or corn-based items, 
Do not intend to change the consumption pattern,
Selected organic food items were analyzed to confirm 
“free of pesticides”,

No “organic food replacement” was implemented in 
the winter and spring seasons.



Sampling Calendar
Sun Mon Tue Wed Thu Fri Sat

Conventional diet days Organic diet days



Study Design
Two spot urine and salvia samples collected daily, 
first morning and before bedtime voids, 
throughout the study periods (a total of 41 days in 
the 12-month period),
24-hour duplicate food samples collected twice in 
the summer and once in the fall seasons during 
conventional diet days,
Daily dietary consumption information was 
collected via the use of iDL (Internet Data 
Logger) for the entire study period.



Study Design
Study was first conducted in Seattle WA 
area from 2003 to 2004 (CPES-WA),
Study was later replicated in Atlanta GA 
area from 2005 to 2006 (CPES-GA).



Sample Analysis - Urine
Specific metabolites for OP pesticides

Malathion (MDA), Chlorpyrifos (TCPY), Diazinon 
(IMPY), Coumaphos (CMHC)

Metabolites for pyrethroids
Permethrin, Cypermethrin, Cyfluthrin, 
Deltamethrin

Metabolites for herbicides
2,4-D, Atrazine



Results
Study protocol did not modify children’s 
dietary consumption patterns

Overall, each child consumed 2 more items of 
fresh fruits and wheat-base food items during 
the organic diet period than the conventional 
diet period.



Results
Study protocol did not bias the findings

None of the samples that we selected from the 
pool of organic food items that are provided to 
the study children contained detectable OPs or 
other pesticides.



Descriptive statistics of DVWA concentrations of 
OP pesticide metabolites measured in CPES-WA 

children from summer 2003 to spring 2004



The exposure profile of Malathion for 
CPES-WA children in the summer ‘03 season as measured 

by the DVWA of urinary MDA concentrations (µg/L)
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One-year exposure profile of Malathion for 
CPES-WA children as measured by the DVWA of 

urinary MDA concentrations (µg/L)



The distribution of the DVWA of urinary MDA concentrations 
(µg/L) in the CPES-WA children grouped by the consumption of 

conventional or organic food in four seasons



The exposure profile of Chlorpyrifos for 
CPES-WA children in the summer ‘03 season as measured 

by the DVWA of urinary TCPY concentrations (µg/L)
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One-year exposure profile of Chlorpyrifos for 
CPES-WA children as measured by the DVWA of 

urinary TCPY concentrations (µg/L)



The distribution of the DVWA of urinary TCPY concentrations 
(µg/L) in the CPES-WA children grouped by the consumption of 

conventional or organic food in four seasons



The linear mixed-effect models for the repeated 
measurement of urinary DVWA of MDA and TCPY 

concentrations (µg/L) for CPES-WA children

a degree of freedom 
b probability 
c linear mixed-effect model using repeated measurement 



Consumption of major fruit, fruit juice, and 
vegetable items by CPES-WA children in 2003/2004

a  total consumption count. 
b  consumption count per child per day. 
c  commodity that were not analyzed by USDA PDP for pesticide residues in 2004. 



Descriptive statistics of DVWA concentrations of 
pyrethroid insecticide metabolites measured in CPES-

WA children from summer 2003 to spring 2004



The exposure profile of pyrethroid insecticides for 
CPES-WA children in the summer ‘03 season as measured 

by the DVWA of urinary PBA concentrations (µg/L)
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The seasonal distribution of the DVWA of urinary PBA, 
trans-DCCA and cis-DCCA concentrations (µg/L) in the 

CPES-WA children



The distribution of the DVWA of urinary PBA concentrations 
(µg/L) in the CPES-WA children grouped by the self-

reported residential use of pyrethroid insecticides in four 
seasons



The distribution of the DVWA of urinary trans-DCCA 
concentrations (µg/L) in the CPES-WA children grouped by 
the self-reported residential use of pyrethroid insecticides 

in four seasons



The linear mixed-effect models for the repeated 
measurement of urinary DVWA of PBA and trans-

DCCA concentrations (µg/L) for CPES-WA children



Self-reported use of pyrethroid pesticides by the parents, and the 
numbers of days in which children’s urinary metabolite concentrations 

of pyrethroid insecticides exceeded the median DVWA levels. 



Conclusions
Most likely that dietary intake of OP 
pesticides contribute the majority of 
exposure in urban/suburban children,

Due to the lack of residential uses,
The registration change made by U.S. EPA in 2001 
prohibits the sales and uses of most OPs in the 
residential environment.

Due to the increasing use of OP in agriculture 
evident by the annual pesticide use survey 
conducted by US Department of Agriculture 
Pesticide Data Program (PDP).



Conclusions
Dietary pesticide exposure correlates with  
seasonal food consumption patterns,

Urinary metabolite levels rose in the summer 
when consumption of fresh produces increased,
The opposite (lower consumption) was seen in 
the fall season,
The elevated urinary OP metabolite levels 
measured in the following winter and spring 
seasons require further attention,

Domestic vs. Imported foods



Conclusions
Although dietary intake attribute certain 
portion of the total pyrethroid insecticide 
exposure, residential use of pyrethroid 
insecticide is the most significant risk 
factor for urban/suburban children.



Conclusions
Significant elevated urinary PBA, trans-
DCCA, and cis-DCCA levels were found in 7 
children whose parents reported uses of 
pyrethroid insecticides in the households,

The highest levels of metabolites were measured in 
those children,
Organic diets can only reduce total exposure to as much 
as 50%,
Seasonal dietary intakes did not modify the levels 
measured in the summer and fall seasons when residential 
use is common.



Conclusions
Longitudinal exposure data using biomarker 
approach identify risk factors that otherwise 
would be omitted in the cross-sectional data,

Seasonal exposure patterns associated with sources of 
foods;

Longitudinal data could strengthen the conclusion 
made by cross-sectional measurements,

The attribution of residential use;
Longitudinal data would minimize measurement 
errors that could lead to biased conclusion,

The association of children’s age and gender to the total 
pesticide exposures.



Pesticide Exposure and Chronic 
Health Effects

Parathion Malathion

Sarin (nerve gas)

Organophosphate (OP) Pesticides



Pesticide Exposure and Chronic 
Health Effects

Neurodegenerative diseases
Commonly used insecticides, such as OPs and 
pyrethroids, acted on central nerve system in 
insects,
Recent environmental epidemiological studies 
suggest the association with Parkinson’s (OP 
pesticides) and Autism (pyrethroids) 



Pesticide Exposure and Chronic 
Health Effects

Neurodegenerative diseases
Endocrine Disrupting

Due to chemical-structural similarity, several 
herbibcides and pyrethroids have long been 
suspected as endocrine disrupting chemicals,
Atrazine caused deformities in amphibian



Pesticide Exposure and Chronic 
Health Effects

Neurodegenerative diseases
Endocrine Disrupting
Cancer

Most of pesticides are not carcinogenic
Many cancers thought to be genetic related, 
are now focusing on the interaction with 
environmental factors (exposure)

Gene-Environmental Interaction
Epigenetics



Pesticide Exposure and Chronic 
Health Effects

Neurodegenerative diseases
Endocrine Disrupting
Cancer
Mostly unknown



Pesticide Exposure and Chronic 
Health Effects

Mostly unknown, because
Acute health effect (self-harm) usually not a 
concern in developed and developing countries,
Chronic health end points rarely incorporated in 
toxicological studies,
Lacking longitudinal exposure assessment at the 
population levels,
Epidemiological studies lack of 

Sufficient scientific evidence for the causation
Statistical power to eliminate confounding factors and 
background noise



Why Minimizing Pesticide Exposure 
Critical to Reducing Disease Burden ?

Its acute lethal toxicity by design,
The toxicity at the sub-lethal dose unknown;

Its common exposure pattern,
Dietary exposure constitutes the baseline,
Modified by periodic elevated exposure from 
other pathways;

Its synergistic interaction with other 
environmental chemicals in causing adverse 
health effects?
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