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Second title for today’s talk:

Much Ado About 
Dust - A tribute to 
John Roberts, Dr. 
Dust, and what he 
inspired
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Three types of studies were examined 
in order to understand what pesticide 
exposures were occurring in children

1. Community Based Participatory Research 
project (CBPR)

2. Longitudinal multiple sampling project aimed at 
understanding between and within family 
variability

3. Community Intervention Project (CIP)
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The Take-home Pathway for Agricultural 
Pesticides: Contributions of Occupational 

Factors to Home Contamination
B. Thompson,G.C. Coronado, I. Islas, S.A. 
Snipes, J. Grossman, W.C. Griffith, E.M. 
Vigoren, R.A. Fenske, and E.M. Faustman
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Example of Yearly Use of Organophosphate and 
Carbamate Usage on Apples and Potatoes in 

Washington State
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Yakima Valley Cohort 
• Since 1999 – Over 800 families have been contacted and 

surveyed.
• Unique features include:
• Agricultural Region Relevant for most agricultural regions in US

with four seasons
• Balance of towns and labor camps.
• Farmworker and non-farmworker families identified with adult 

and child household.
• 80% of cohort has been retained for over 10 years
• CAB found in 1999 and continues to be  involved in design and 

participation in CIP and CBPC program.
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Community Intervention Project (CIP)

Study Designed to Evaluate the effect of an Education 
Intervention to decrease the take-home pathway

1999 2002
Jun(12) Jul(67) Aug(95) 
Sep(41) Oct(3)

Jun(54) Jul(51) Aug(70) 
Sep(29) Oct(3)

2000 2001

Education Intervention



10

Communities in the Yakima Valley were randomized either 
to receive an education intervention or to be a control 

–Households with an adult working in orchards and a 
young child were selected within the community (1 adult 
& 1 child / household)

–Urinary metabolites of OPs from adults &children 
and house and vehicle dust were collected before the 
intervention (1999) and after the intervention (2002)

–Different households were recruited in control and 
intervention years

Study Design to Evaluate the effect of an Education 
Intervention to decrease the take-home pathway
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Example Samples Collected in Studies 
of Farmworker Families

Types of household samples collected from adults and 
their children in 3 seasons
– Urine analyzed for metabolites of OPs—collected 

3 times in 1 week
– Blood analyzed for parent OPs, metabolites of 

OPs, AChE in RBCs and plasma, 
– Genotypes and phenotypes of metabolizing 

enzymes—collected once
– Buccal Cells 
– Dust

Vehicle
Home
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Communities in the CBPR Project

• Community was defined as 
either a town or a labor 
camp 

• Pairing of an intervention 
community with a control 
community was performed 
separately for towns and 
labor camps

• All Communities are in the 
Yakima Valley of Eastern 
Washington

GrandviewToppenish

ProsserGranger

WhitstranMabton

WapatoCowiche

ZillahMoxee

OutlookBuena

TietonDonald

HarrahSawyer

Horse Heaven Mobile 
Park

Yakima Golding Farms

Rainbow courtWillow Park

CrewportGreen Giant Camp

Golding Farms CampBond Varner Camp

ControlIntervention
Towns (16)

Labor Camps (8)
ControlIntervention
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Location of Control    and Intervention     Towns
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Organophosphate Pesticides

• Metabolites are Biomarkers of exposure—
measured in urine

• Nonspecific Diakyl Phosphate (DAP) metabolites
– Six DAP Metabolites
– Each metabolite can be produced by multiple OPs
– Divided into two groups

• Dimethyl metabolites
– DMP, DMTP, DMDTP

• Diethyl metabolites
– DEP, DETP, DEDTP

• Measured 6 Organophosphate Pesticides
– House dust from location where child frequently played
– Vehicle dust
– Dimethyls– azinophos-methyl, phosmet, malathion, 

methyl-parathion
– Diethyls– chlorpyrifos, diazinon
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Metabolic Scheme for CP

Faustman et al. (2006)



16

Diethyl OPs
chlorpyrifos DEP   DETP
diazinon DEP   DETP
parathion DEP   DETP
disulfoton DEDTP DEP   DETP
ethion DEDTP DEP   DETP

Dimethyl OPs
dichlorvos (DDVP) DMP
trichlorfon DMP
naled DMP
chlorpyrifos methyl DMP   DMTP
methyl parathion DMP   DMTP
azinophos methyl  DMDTP DMP   DMTP
malathion DMDTP DMP   DMTP
phosmet DMDTP DMP   DMTP

Selected OPs and DAP metabolites

Metabolites of Organophosphate 
Pesticides
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What lessons have we learned from 
this community and its children?
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Monitoring Results

Most children are exposed

• 86% of children had quantifiable levels of at least one dialkyl metabolite.

• 95% of adults had quantifiable levels of at least one dialkyl metabolite.

Evidence of multiple exposures

• 36% of children had quantifiable levels of both dimethyl and diethyl metabolites. 

• 45% of adults had quantifiable levels of both dimethyl and diethyl metabolites. 
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Evidence of Take-home Pathway

• Workers who thinned were more likely than those who did not thin to have 

detectable levels of azinophos-methyl in their house dust and vehicles.

• Children of thinners were more likely to have detectable levels.

• Contrary to expectations, workers who reported mixing, loading or applying 

pesticides had lower incidence of detectable pesticide residues in their homes, 

vehicle dust, and in their children’s urine.
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Distribution of Adult DMTP Metabolite 
Concentrations

Distribution of Adult Urinary DMTP Metabolite Concentrations

0.1 1 10 100 1000

Concentration (ng/ml)

FarmworkersNon-farmworkers

Concentration (ug/L)

0.1                                   1                         10                               100                   1000
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Distribution of Child Urinary DMTP 
Metabolite Concentrations

Concentration (ug/L)
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Photo courtesy of G.D. Coronado



23

Adult DMTP in Urine Child DMTP in Urine

Urinary DMTP µg / liter
1 10              100            1000 1 10              100            1000
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Urinary metabolites higher in adults who 
worked in pome fruit and their children
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Children : Seasonal Changes in DMTP
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DMTP Concentration in Urine (ug/L)
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Assessing Children’s Pesticide Exposure 
via the Take-home Pathway

Workplace

Adult
exposure

Child
exposure

Child 
urine

Adult 
urine

Home dust

Car dust

Workplace

Adult
exposure

Child
exposure

Child 
urine

Adult 
urine

Child 
urine

Adult 
urine

Home dust

Car dust

Exposure Pathways Metabolic PathwaysExposure Pathways Metabolic Pathways
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34%39%20%5%2%CBRP Farmworker (Apr-Jul 2005)

5%26%34%24%11%CIP Post-intervention (Jun-Oct 2002)

5%19%40%33%3%CIP Pre-intervention (Jun-Oct 1999)

4+ OPs3 OPs2 OPs1 OP0 OPsNumber of OPs in house or vehicle*
Percent of  Households Sampled

Number of OPs detected in house and vehicle 
dust samples 
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Can we make a difference?
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We want to know whether 
intervention reduced child 

exposure

Organophosphate
pesticides spraying

Residues 
on food

Residues on 
farmworkers

Residues in 
playing/living areas

Child 
exposure
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1 10 100 1000

Pome farmworker households: urinary DMTP concentrations (µg/L) 

But measured exposure was 
higher after intervention

Control 
Intervention
Control 
Intervention
Control 
Intervention
Control 
Intervention

Adult

Child

Adult

Child  

Year 1

Year 4
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A successful intervention would 
reduce the fraction of adult 

exposure taken home to children

Organophosphate
pesticides spraying

Residues 
on food

Residues on 
farmworkers

Residues in 
playing/living areas

Child 
exposure
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0.01 0.1 1

Pome farmworker child/adult ratio of urinary DMTP concentrations

This child/adult fraction declined 
significantly after intervention

Control 

Intervention
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Assessing Children’s Pesticide Exposure 
via the Take-home Pathway

Workplace

Adult
exposure

Child
exposure

Child 
urine

Adult 
urine

Home dust

Car dust

Workplace

Adult
exposure

Child
exposure

Child 
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urine
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urine
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urine
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Exposure Pathways Metabolic PathwaysExposure Pathways Metabolic Pathways
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• Azinphos-methyl was the OP in the highest concentrations in homes 
and vehicles
– Most commonly used pesticide in Yakima Valley during season 

when samples collected
– Also measured phosmet, malathion, chlorpyrifos, diazinon, and m-

parathion
• Large differences between homes were found in the total amounts of 

pesticides present in the dust 
– Mass of azinphos-methyl ranged over four orders of magnitude, 

about 100 ng to 1 mg
– Similar variation was found for vehicles
– Large variation was reflected in large geometric standard deviations 

(10 to 41)
• Markov Chain Monte Carlo Methods are effective in analyzing data with 

a large number of values below the limit of detection
– Measurements below the limit of detection treated as being left-

censored
– Correlations among measurements important for simulating values 

below the limit of detection

Predictors of Organophosphate Pesticide Residues 
in Home Environment Dust of Farmworkers
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• Thick or thin carpeted surfaces had statistically significant greater mass 
of azinphosmethyl per square meter than smooth surfaces 
– Geometric means: thick carpets 1430 ng/m2, thin carpets 1550 

ng/m2, smooth surfaces 110 ng/m2

• Mass of azinphos-methyl in the living room was not significantly 
different from other rooms 
– Geometric means: living room 3450 ng/m2, other rooms 1000 ng/m2

• No significant differences for the mass of azinphos-methyl when 
vehicles classified by type 
– Geometric means: auto 3630 ng, truck 6260 ng, other 2570 ng

• No significant differences for the mass of azinphos-methyl for vehicle 
floor surfaces coverings 
– Geometric means: plush mat 3220 ng, hard mat 4190 ng, or no mat 

5100 ng
• Intervention efforts to reduce in-home exposure should target carpeted 

surfaces and frequent cleaning of all areas where young children play 
in the home
– Although smooth floors in general had significantly lower 

concentrations of pesticides large amounts were still found in some 
homes
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