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Background Pesticides used in agriculture can be taken into worker homes and pose a
potential risk for children and other family members. This study focused on identification of
potential intervention points at the workplace.
Methods Workers (N ¼ 46) recruited from two tree fruit orchards in Washington State
were administered a 63-item pesticide safety questionnaire. Dust was collected from
commuter vehicles and worker homes and analyzed for four organophosphorus (OP)
pesticides (azinphosmethyl, phosmet, chlorpyrifos, malathion).
Results Geometric mean azinphosmethyl concentrations in dust for three worker groups
(16 pesticide handlers, 15 green fruit thinners, 15 organic orchard workers) ranged from
0.027–1.5 mg/g, with levels in vehicle dust higher than in house dust, and levels in house
dust from handlers’ homes higher than levels from tree fruit thinners’ homes. Vehicle and
house dust concentrations of azinphosmethyl were highly associated (R2 ¼ 0.44,
P < 0.001). Significant differences were found across worker groups for availability of
laundry facilities, work boot storage, frequency of hand washing, commuter vehicle use,
parking location, and safety training.
Conclusions These findings support a focus on intervention activities to reduce take home
pesticide exposure closer to the source of contamination; specifically, the workplace and
vehicles used to travel to the workplace. Am. J. Ind. Med. 56:1063–1071, 2013.
� 2013 Wiley Periodicals, Inc.
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INTRODUCTION

The potential for workers to bring occupational
contaminants into the home has been a public health concern
for well over a decade [NIOSH, 1995]. This take home
exposure pathway, sometimes referred to as para-occupa-
tional exposure, has been studied most extensively for lead
[Czachur et al., 1995; Sutton et al., 1995; Piacitelli et al.,
1995; Piacitelli et al., 1997], and pesticides [Simcox et al.,
1995; Loewenherz et al., 1997; Lu et al., 2000; McCauley et
al., 2001, 2003, 2006; Curl et al., 2002; Quandt et al., 2006;
Salvatore et al., 2009; Harnly et al., 2009].

Understanding take home pesticide exposure pathways
and factors that contribute to agricultural worker family
exposure is of particular importance due to the potential
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health effects of chronic exposure to pesticides. Prenatal and
childhood exposure to organophosphorus (OP) pesticides
may have significant consequences in neurobehavioral
development in young children [Rohlman et al., 2005;
Rauh et al., 2006; Marks et al., 2010; Bouchard et al., 2011].
Two studies have reported that parental occupations involv-
ing pesticides were associated with the development of
childhood leukemia and other cancers [Daniels et al., 1997;
Wigle et al., 2009].

Most take home pesticide exposure studies have been
observational, with no systematic attempt made to reduce
exposures. Those studies that have involved interventions
have focused on personal and residential hygiene rather
than workplace factors [McCauley et al., 2003, 2006; Rao
et al., 2006; Strong et al., 2009]. The largest of such studies,
conducted in the Yakima Valley of Washington State, did
not find a change in exposure following a 2-year
community-based intervention [Thompson et al., 2008],
and reported only small improvements in 2 of 10 self-
reported behaviors [Strong et al., 2009]. One exception is a
recent study that reported positive findings for some
worksite hygienic behaviors based on worker self-reports
[Salvatore et al., 2009]. Two studies have documented a
link between pesticide levels in farm worker commuter
vehicles and elevated pesticide levels in the home, but these
did not involve interventions [Lu et al., 2000; Curl et al.,
2002].

The aim of this study was to identify take home
pesticide exposure pathways and the occupational charac-
teristics and behaviors associated with these pathways. The
study focused on identification of potential intervention
points at the workplace rather than interventions in worker
residences. This approach is based on the industrial
hygiene precept that the best approach to controlling
exposures is at the source [Plog, 2001]. The guiding
principle of the research is straightforward: workplace
chemicals should stay in the workplace. Information from
this study will be used to develop interventions to minimize
take home pesticide exposure among farm workers and
their families.

METHODS

The study was cross-sectional in design, focusing on
agricultural workers at two easternWashington State tree fruit
orchards: one was a conventional orchard that used OP
pesticides; the other was an orchard that followed organic
production procedures [USDA, 2011]. Industrial hygiene
walkthrough surveys documented the characteristics of
facilities at each orchard. Workers were interviewed regard-
ing use of facilities and hygienic behaviors. Commuter
vehicle dust and house dust samples were collected for each
worker. House dust was used as the outcome variable in

determining the relative importance of factors affecting the
take home exposure pathway.

Recruitment

Recruitment took place in mid-June 2003, and the
study extended from late June through the end of July. The
study was first described to workers in either a group
setting or individually at the workplace. Interested workers
provided their contact information and were telephoned at
home to further explain the study and answer any
questions. If the worker wanted to participate and met
the participation requirements, an appointment was
scheduled for a visit to the worker’s home for the interview
and collection of dust samples. Eligibility requirements for
the agricultural workers were as follows: 16 years or older;
employed at the orchards; primary driver of a vehicle used
to commute to work; carpeting present in common areas of
the home. Participants were asked to refrain from
vacuuming their homes for 3 days prior to the dust
sampling and interview appointment. The University of
Washington Institutional Review Board approved the
study procedures, and all participants provided written
informed consent. The 46 agricultural workers who agreed
to participate were assigned to one of three worker groups:
16 pesticide handlers at the conventional orchard (i.e.,
workers who mixed, loaded, or applied pesticides), 15
green fruit thinners at the conventional orchard (i.e.,
workers who removed immature fruit from trees), and 15
workers at the organic orchard who served as a reference
group (i.e., workers who conducted similar activities, but
who did this work in the absence of contact with synthetic
organic pesticides). All study participants were Latino
males.

Pesticide Use

The study focused primarily on the OP pesticide
azinphos-methyl (Guthion™) because of its relatively high
toxicity and its widespread use in orchards to control the
codling moth at the time of the study. We also measured
residues of three other OP pesticides used commonly in tree
fruit orchards in Washington and at the conventional orchard
participating in this study: phosmet (Imidan™) to control
codling moth; chlorpyrifos (Lorsban™) for leaf rollers;
malathion for fruit flies in cherries. Azinphos-methyl,
phosmet, and chlorpyrifos were applied from the ground
with airblast sprayers, whereas malathion was applied by
helicopter. Malathion applications were not performed by any
of the pesticide handlers in this study. Chlorpyrifos was
applied in the second half of March, azinphos-methyl and
phosmet were applied mid-May through July, and malathion
was applied in late June and early July.
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Geo-Mapping

A spatial analysis using geographic information system
(GIS) methods was conducted to determine the distance of the
residences of study participants to the closest orchards. Home
addresses were obtained from participants. Based on middle-
of-the-road field observations, points were placed into Esri
ArcMap 9.0 (Redlands, CA) for measurement. Points
locating the orchard field edges were also placed into Esri
ArcMap 9.0 based on field observations. A measurement, in
meters, from the middle-of-the-road-residence points to the
nearest field edge was determined using the Central Feature
distance tool in Esri ArcToolbox (Redlands, CA). The results
were exported and sorted in Microsoft Excel for analysis.

Worksite Evaluation

An industrial hygienist conducted a worksite walk-
through of both the central shop area and the orchard work
locations to document the presence or absence of hygienic
facilities, including changing areas, storage facilities for work
clothes and personal protective equipment (PPE), laundry or
washing facilities for work clothes and PPE, showers, hand
wash stations, bathrooms, and drinking water.

Interviews

Bilingual and bicultural research team members admin-
istered a 63-item questionnaire to each study participant in the
participant’s choice of Spanish or English. In addition to
demographic information, questions covered six pesticide
safety topic areas: workplace facilities, workplace behaviors,
home laundry facilities, behaviors at home, commuter vehicle
use, and pesticide safety training.

Dust Sampling and Analysis

Dust samples from the participant homes and vehicles
were collected in late June and July 2003 at the same time that
the questionnaire was administered. Trained field staff
collected the dust with a high volume simplified small
surface sampler (HVS4; CS3, Inc., Sandpoint, ID). The
sampler was leak-checked prior to collecting each sample.
After each sample was collected, loose material from inside
the sampler was removed. The sampling apparatus was then
rinsed three times with isopropanol and parts were air dried
before reassembly for the next use.

House dust samples were collected from exposed high
traffic carpeted common areas, typically the front entry and
living room. A total of 1.5 m2 was sampled following a
prescribed sampling procedure, and while maintaining a
sampler pressure drop of approximately 30 cm water. If

needed, additional 1.5 m2 areas were sampled until collection
of approximately 10 g of bulk dust. Vehicle dust was
collected from the driver’s foot well without moving floor
mats or sampling from underneath. If necessary, the front
passenger foot well was also sampled to obtain the 10 g
sample. All dust samples were stored on ice at the field site,
and at�20°C in the field laboratory until transported on ice to
the UW laboratory and stored at �10°C until analysis. Field
blank and field spike samples were treated in a manner similar
to samples collected from homes and vehicles, and were
transported, stored and analyzed with those samples. Blank
samples were less than the limit of detection. No losses were
observed in the field spikes.

Dust fines for each sample were obtained by sieving with
a 150 micron sieve with a lid and catch pan (No. 100 USA
Standard Testing Sieve, ASTME-11 specification; VWR,
West Chester, PA) and shaken for 10 min in a sieve shaker
(Model RX-24; WS Tyler, Inc., Mentor, OH). Dust fines were
transferred from the pan to a clean polyethylene bottle, and
stored in the freezer. Screens were cleaned with acetone and
air-dried between each use. Dust was analyzed for the four OP
pesticides used at the orchard study site. Procedures for
sample extraction and gas chromatographic analysis were
those described by Moate et al. [2002]. A pulsed flame
photometric detector (PFPD) was used to increase sensitivity
to low pesticide residue concentrations in the dust. The limit
of detection was 0.030 mg/g and the limit of quantitation was
0.073 mg/g for all four pesticides.

Data Analysis

Pesticide residues in dust are reported as concentrations
(mg/g). The data were right skewed and therefore log-
transformed values were used for data analysis, with the
geometric mean (GM) and geometric standard deviation
(GSD) reported for each of the three worker groups. One-way
ANOVAwas used to assess differences between the GMs of
the three worker groups. In those cases where significant
differences were found the Tukey test for multiple
comparisons was employed.

Scatterplots of log-vehicle dust and log-house dust
pesticide concentrations were prepared. A linear regression
model was used to predict pesticide concentrations in house
dust from pesticide concentrations in vehicle dust. Compar-
isons of handler and thinner responses to questions regarding
behaviors and workplace factors were made using Fischer’s
Exact Test (two-sided).

RESULTS

All study participants were male Latinos, ranging in age
from 21 to 61. Geospatial mapping indicated that 44 of the 46
study participants lived at a substantial distance from
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agricultural pesticide use: 32 workers (15 reference, 13
thinners, and 4 handlers) lived in cities or rural communities
located at least 9 km distant from pesticide-treated farmland;
12 workers (10 handlers, 2 thinners) lived in a residential
community approximately 1.5 km from orchards, with a set
of hills separating the community from the orchards. Two
workers (handlers) lived on orchard property, with their
homes approximately 6 m from the nearest orchard.

GM pesticide concentrations in vehicle dust and house
dust differed significantly across worker groups for all
pesticides, except for malathion in house dust (Table I).

Comparisons of worker groups with one another indicated
that both thinners and handlers were significantly different
from workers at the reference orchard in regard to azinphos-
methyl, phosmet and chlorpyrifos concentrations in both
vehicle and house dust, as well as malathion concentrations in
vehicle dust for pesticide handlers.

Vehicle dust concentrations of azinphos-methyl (P <
¼ 0.0011), phosmet (P ¼ 0.031) and chlorpyrifos
(P < 0.001) were significantly higher for handlers when
compared to thinners. House dust concentrations of azinphos-
methyl were mariginally higher (P ¼ 0.086) for handlers

TABLE I. House and CommuterVehicle Dust Pesticide Concentrations for Handlers,Thinners and Organic Orchard (Reference)Workers: Geometric
Means (GM), 95% Confidence Intervals (CI), and Geometric Standard Deviations (GSD)

Pesticide concentration in dust (mg/g) ANOVAd Tukey test P-valuee (comparison of worker groups)

Pesticide
Handlers
(n ¼ 16)a

Thinners
(¼15)b

Reference
(n ¼ 15)c

P-value
for occupation

Handlers vs.
reference

Thinners vs.
reference

Handlers vs.
thinners

Azinphosmethyl
Vehicle GM 1.5 0.34 0.027 <0.001 <0.001 <0.001 0.0011

95% CI (1.04, 2.30) (0.16, 0.71) (0.015, 0.047)
GSD 2.0 3.6 2.8

House GM 0.55 0.22 0.054 <0.001 <0.001 0.0089 0.086
95% CI (0.37, 0.81) (0.10, 0.45) (0.024, 0.12)
GSD 2.0 3.8 3.9

Phosmet
Vehicle GM 1.6 0.62 0.098 <0.001 <0.001 <0.001 0.031

95% CI (0.95, 2.7) (0.39, 0.99) (0.053, 0.18)
GSD 2.5 2.3 3.0

House GM 0.32 0.43 0.095 <0.001 0.0087 0.0010 0.71
95% CI (0.16, 0.67) (0.31, 0.61) (0.052, 0.18)
GSD 3.7 1.9 2.7

Chlorpyrifos
Vehicle GM 0.97 0.068 0.016 <0.001 <0.001 <0.001 <0.001

95% CI (0.45, 2.1) (0.039, 0.12) (0.014, 0.018)
GSD 3.8 2.7 1.3

House GM 0.21 0.081 0.026 <0.001 <0.001 0.031 0.062
95% CI (0.13, 0.35) (0.038, 0.17) (0.014, 0.050)
GSD 2.5 3.8 2.9

Malathion
Vehicle GM 0.13 0.064 0.023 0.0083 0.0061 0.16 0.37

95% CI (0.053, 0.33) (0.023, 0.018) (0.016, 0.035)
GSD 4.8 6.0 2.1

House GM 0.048 0.029 0.029 0.55 0.63 0.99 0.59
95% CI (0.020, 0.11) (0.014, 0.058) (0.012, 0.073)
GSD 4.8 3.5 4.6

aSamplesizeforhandlerswas14forvehicledust(onevehiclesoldbeforesamplingcouldtakeplace,onevehiclewasnotsampledbecauseithadnocarpetinfootwell),and15for
house dust (one samplewith insufficient dust for analysis).
bSample size for thinnerswas14 for vehicle dust (one samplewith insufficient dust for analysis).
cSample size for referenceworkers (organic orchard)was13 forhouse dust (twoworkers lived insamehomesas otherworkers, so only onehousedust samplewascollected
from each home and assigned to the first worker interviewed in the home.The secondworker in the home did not have a house dust sample).
dTest for statistical significance ¼ 0.05.
eTukey test for multiple comparison ofmeans; 95% family-wise confidence interval.
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compared to thinners, as were concentrations of chlorpyrifos
(P ¼ 0.062). Figure 1 presents data for azinphos-methyl to
illustrate the range of pesticide concentrations in vehicle and
house dust across worker groups. Handlers were the most
highly exposed group for azinphos-methyl in both the vehicle
and the home, while thinners were subject to intermediate
exposure, and workers in the reference orchard had minimal
exposure.

Pesticide concentration in vehicle dust was a significant
predictor of pesticide concentration in house dust for all
workers for each pesticide (Fig. 2), and was a significant
predictor for thinners and handlers together for azinphos-
methyl (P ¼ 0.002) and malathion (P ¼ 0.02). Only
azinphos-methyl had a statistically significant R-squared
value for handlers and thinners (R2 ¼ 0.34).

Table II presents a comparison of responses from 16
handlers and 15 thinners to questions regarding workplace
facilities, workplace behaviors, home laundry facilities,
behaviors at home, commuter vehicle use, and pesticide
safety training. Findings for handlers and thinners combined
were as follows: (1) most workers did not have an area at the
workplace for changing out of work clothes or for washing
clothes, but did have access to hand washing facilities; (2)
most workers washed with soap and water before leaving the
workplace; (3) most did not change out of work clothes or
boots before leaving the workplace; rather, they stored their
work clothes and work boots at home; (4) more than two-
thirds of workers did not have laundry facilities in their
homes; (5) most wore both work clothes and work boots into
their homes; (6) most workers parked their vehicles next to or
in the fields and left windows open during work; (7) about
half of the workers vacuumed their vehicles once a week,
while the others did not vacuum regularly; and (8) most
workers received pesticide safety training at the workplace
and the training was delivered in a language that they

understood well; however, about one-third of the workers had
not received training in the past year.

Several interesting differences emerged when handler
and thinner responses were compared (Table II). Some of the
handlers reported the availability of laundry facilities at
work, but none of the thinners did; some of the handlers
stored work boots at the workplace, but this was not the case
for any of the thinners. There was a very significant contrast
in washing with soap and water before leaving the
workplace: nearly all handlers did so, while nearly all of
the thinners did not. In regard to commuter vehicle use, most
handlers drove to work alone, whereas most thinners drove
others to work; half of the handlers parked away from the
fields, but all of the thinners parked next to or in the fields. In
regard to safety training, all handlers reported receiving
training, but only two out of three thinners did so. Virtually
all handlers had been trained within the year, but two-thirds
of the thinners reported that training either did not occur or
that it occurred more than a year ago.

DISCUSSION

Several important observations can be made with regard
to the influence of occupational behaviors on the take home
pesticide exposure pathway from these findings. Worker
group (handlers > thinners) was found to be a significant
predictor of pesticide concentrations in homes for three out of
four of the pesticides tested, suggesting that an understanding
of job tasks alone may serve as a reliable indicator of take
home exposure potential. This finding is consistent with
guidance provided by the U.S. Environmental Protection
Agency in its Worker Protection Standard documentation
(USEPA 2013). A recent study of Washington State
agricultural workers found that mixing and loading activities
were a significant risk factor for pesticide handlers [Hofmann
et al., 2010].

In addition to work-to-home transmission, residential
contamination with pesticides can be affected by pesticide
drift, so distance between residence and pesticide-treated
farmland is an important factor to consider. However, the
evidence for home contamination due to proximity to
agricultural spraying indicates that this effect is not
demonstrable after about one-quarter mile, or 0.4 km
[Simcox et al., 1995; Loewenherz et al., 1997; Lu
et al., 2000]. Results from geo-coding found that all but
two of the 46 workers in this study lived at least 1.5 km away
from orchards, or more than three times the distance
documented for this effect.

As in previous studies of this nature [Curl et al., 2002],
there was a significant association between pesticide
concentrations in vehicle dust and house dust for all of the
pesticides tested when workers from the reference orchard
were included, and for two of the pesticides when analysis

FIGURE1. Azinphosmethyl concentration in vehicle and house dust (geometric mean,

95% confidence interval).
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was restricted to handlers and thinners at the primary orchard
study site. These findings confirm that commuter vehicles
play an important role in the transmission of workplace
chemicals into the home.

Questionnaire results indicated the absence of changing
and laundry facilities at the workplace. If workers have no
place to store or clean contaminated work clothing and boots,
then they have little choice but to wear them home. Isolation
of work clothing and boots could be an effective intervention.
If commuter vehicles are considered to be vectors of work-to-
home pesticide transmission, then special attention should be
paid to practices associated with these vehicles. Parking near
or in fields likely increases pesticide concentrations in
vehicles, as does leaving windows open. Vacuuming the
commuter vehicle on a regular basis would likely reduce
pesticide loads and thereby reduce the potential for take home
exposure. Finally, frequency of pesticide safety training
almost certainly has an impact on hygienic behavior and the
take home exposure pathway.

This study had several limitations, the primary ones
being a small sample size and restriction of the study to two
orchards. The small sample size limited our ability to
attribute elevated or reduced vehicle and house dust pesticide
levels with specific worker characteristics. A study of only
two orchards indicates that caution should be taken in
generalizing these findings to other Northwest orchards,
although a review of previous studies suggests that
conditions and practices at these orchard sites were
representative of industry practices. Previous studies have
shown that workers bring pesticides home through vehicles
[Curl et al., 2002] and by wearing work clothing and boots
home [Simcox et al., 1995; Lu et al., 2000; McCauley
et al., 2003]. Salvatore et al. [2008, 2009] found that when
gloves, soap and warm water, and clean clothes were
provided as part of an educational intervention, workers
reported improved behaviors at the midday break and before
going home. However, these self-reports were not validated
with field observations.

FIGURE2. Regression analysis of pesticide concentration in vehicle dust as a predictor of pesticide concentration in house dust. Data

are presented as natural logs of concentrations (ng/g). The sample size is 40 rather than 46 due to missing vehicle dust or house dust

sample (see Table I footnotes).
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TABLE II. Self-Reported Access to Hygienic Facilities andHygienic PracticesAmong Pesticide Handler (n ¼ 16) and Green Fruit Thinners (n ¼ 15)

Category Question Responsea Total Handlers Thinners H vs. Tb (P-value)

Workplace facilities Is there an area at your
workplace where you can

change into or out of your work
clothes?

Yes 8 6 2 0.22

No 23 10 13
Are there laundry facilities

available for you to wash your
workclothes at your workplace?

Yes 6 6 0 0.02

No 24 10 14
Is there an area at your

workplacewhere you canwash?
Yes 23 11 12 0.68

No 8 5 3
How often are soap and towels

available for you to use?
Frequent 26 14 12 1.00

Never 4 2 2
Workplace behavior Do you usually change out of

your work clothes before leaving
the workplace?

>1/2 time 3 3 0 0.23

Never 26 13 13
Do you usually change out of
your work boots before leaving

the workplace?

Frequent 4 3 1 0.61

Never 25 13 12
Where do you usually store your
work clothes when you are not

wearing them?

At work 4 4 0 0.10

Not at work 27 12 15
Where do you usually store your
work boots when you are not

wearing them?

At work 5 5 0 0.04

Not a work 26 11 15
How often do you wash with
soap and water before leaving

the workplace?

Frequent 18 14 4 0.002

Never 12 2 10
Home facilities Do you have a washer and dryer

available for you to use at home?
Yes 9 2 7 0.05

No 22 14 8
Home behavior Do you usually wear your work

clothes into your house when
you come home from work?

Yes 26 12 14 0.33

No 4 4 1
Do you usually wear your work
boots into your house when you

come home from work?

Yes 24 11 13 0.39

No 7 5 2
Commuter vehicle use Do you usually drive other

people to work?
Yes 14 3 11 0.004

No 17 13 4

(Continued)
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In conclusion, the findings in this study are supportive of
moving intervention activities closer to the source of
contamination (i.e., the workplace) in order to reduce take
home pesticide exposure, rather than focusing on community
or home interventions that appear to be less effective in most
cases. Commuter vehicles are an important component of the
take home exposure pathway. The provision of changing
areas, storage facilities, and proper pesticide safety training—
all interventions at the worksite—will likely reduce pesticide
exposures for both workers and their families.
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