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Abstract
Objectives—Residential proximity to pesticide-treated farmland is an important pesticide
exposure pathway.

Methods—In-person interviews and biological samples were collected from 100 farmworker and
100 non-farmworker adults and children living in Eastern Washington State. We examined the
relationship of residential proximity to farmland to urinary metabolite concentrations of
dimethylphosphate (DMTP) and levels of pesticide residues in house dust.

Results—DMTP concentrations were higher in farmworkers than non-farmworkers (71 μg/L vs
6 μg/L) and in farmworker children than non-farmworker children (17 μg/L vs 8 μg/L).
Compared to non-farmworker households, farmworker households had higher levels of azinphos-
methyl (643 ng/g vs 121 ng/g) and phosmet (153 ng/g vs 50 ng/g). Overall, a 20% reduction in
DMTP concentration was observed per mile increase in distance from farmland.

Conclusions—Lower OP metabolite concentrations correlated with increasing distance from
farmland.
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INTRODUCTION
Exposure to organophosphate pesticides (OPs) is reported to cause harmful health effects in
both adult farmworkers (1-4) and their children (5-10). Children’s exposure to pesticides is
thought to occur through a variety of pathways including the paraoccupational or take-home
pathway, dietary intake of pesticide-treated produce, and a lifestyle pathway that
encompasses the influence of protective behaviors on exposure levels. Another important
pathway, known as the environmental pathway, focuses on exposures resulting from the off-
target settling of pesticide spray drift in residential communities (11-12). Such pesticide drift
is thought to have its greatest impact on individuals living near pesticide-treated farmland.
Pesticide drift is thought to be a source of pesticide exposure for agricultural and non-
agricultural families alike.
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Previous investigations that have examined pesticide exposure levels in relation to proximity
to pesticide-treated farmland have reported mixed results. Several studies have measured air
concentrations of pesticides from monitors set up near treated fields (13-14). In general,
studies that have timed their collection to pesticide spray events have reported higher
concentrations of pesticide on monitors that are nearer treated fields compared to those
farther away (13-14). Other studies have applied statistical models that consider a variety of
factors (such as meteorological conditions, and toxicity of applied pesticides) to compute
concentrations and impact from off-target deposits of pesticides (EPA Fugitive Dust Model
FDM) (15). The findings from these studies have generally been consistent in documenting
evidence that pesticides sprayed in the fields are drifting off-target and that the amount of
off-target drift depends upon several factors, including wind speed, wind direction and other
weather conditions and type of application equipment used.

A limited number of previous investigations have examined the influence of residential
proximity to treated farmland on levels of pesticide residues in house dust. Lu et al. used
data from 60 agricultural families living in an agricultural region of Central Washington
State and showed that median concentrations of azinphos-methyl in house dust were
significantly higher in households within 200 feet of treated orchards than those more distant
(P<0.01). A small number of other studies have reported similar associations (16-18).
However, this relationship was not observed in our previous analysis of data from Eastern
Washington involving a much larger sample size (over 200 households) (unpublished data),
where we found no relationship between levels of pesticides in house dust samples and
Global Positioning Device-measured distances from nearby farmland.

Few previous investigations have examined the association between residential proximity to
treated farmland and markers of human exposure to pesticides. Data from the same study
conducted by Lu et al. collected urine samples from 60 children aged 6 and under and found
significantly higher concentrations of urinary pesticide metabolites in children living in
households that were within 200 feet of treated orchards compared to those living farther
away (11). In contrast, at least one study reported no significant association in this
relationship (19).

The Center for Child Environmental Health Risks Research’s Community-Based
Participatory Research Project, For Healthy Kids!, examined the pathways by which
children are exposed to pesticides. This longitudinal study collected samples of house and
vehicle dust, and urine, saliva and blood from farmworker and non-farmworker families at
three points during the agricultural season: the thinning, harvest, and non-spray season. For
this analysis, we used data from the thinning season as it is thought to coincide with the
highest worker exposures. We report on the association between urinary OP metabolite
concentrations of farmworker adults, non-farmworker adults, and their children between the
ages of 2 and 6 and residential distance from the nearest field. We also report on the
association between residential distance from farmland and house dust concentrations of two
of the regions’ most commonly used OPs, azinphos-methyl and phosmet. We tested the
hypothesis that adults and children living in homes that are more proximal to farmland
would have higher urinary metabolite concentrations of OPs and higher levels of azinphos-
methyl and phosmet in their homes than those living more distant.

METHODS
Setting

The study took place in the Lower Yakima Valley of Washington State. The setting has been
described previously (20). Briefly, the Yakima Valley is comprised of many small
agricultural communities and has the greatest percentage of Hispanics in Washington State.
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An estimated 50,000 people in the region work in agriculture. The region leads the nation in
the production of apples and sweet cherries. Other major agricultural crops are pears,
peaches, grapes, and hops. Many members of the Hispanic population are involved in
agricultural work, specifically, in harvesting, pruning, thinning, and other care of the many
crops grown in the Lower Yakima Valley. The pesticides used include OPs such as
azinphos-methyl and phosmet, among others (21).

Community-based participatory research
Because the project was a community-based participatory research project, a community
advisory board (CAB) was formed as part of the previous grant; details on the members of
the CAB and their opinions about pesticides are described previously (22). In the
preparation for this study, the CAB was asked to provide input on next steps for research in
the community. The CAB was very interested in knowing whether farmworkers and non-
farmworkers living in the Yakima Valley communities differed in their exposures to
pesticides. They were particularly interested in the take-home and drift pathways.

Study procedures
All respondents signed informed consent forms to participate. Adults signed informed
consent for their child’s participation. The study protocol and data collection procedures
were reviewed and approved by the Institutional Review Boards (IRB) at the Fred
Hutchinson Cancer Research Center (IRB # 5101) and at the University of Washington.

Hispanic farmworker and non-farmworker families who had a child between the ages of 2
and 6 were recruited for the study at community events and worksites. To be eligible, all
farmworkers had to have worked in either apple or pear crops during the past week, as we
were interested in assessing their occupational and environmental exposures. We chose to
limit recruitment to individuals who worked in apples or pears for two reasons. First,
because we were interested in assessing adult and child exposures that occur through a
variety of pathways, we desired a group of workers who had relatively similar workplace
exposure patterns; this meant exposures to the same types of pesticides at the same time of
year. Apples and pears are grown and harvested on a very similar cycle, they are both
classified by the US Department of Agriculture as pome fruit, and on each similar pesticides
are applied. Second, our previous analyses showed that those who worked in pome fruit has
higher levels of pesticide exposures than those who worked in other crops, thus limiting our
recruitment to pome fruit workers would allow us to achieve high variation in exposure
levels in farmworker and non-farmworker groups. Where a given household had more than
one eligible child (between the ages of 2 and 6), the child with the first birthday after April 1
was selected as the referent child for the study. Trained bilingual, bicultural study staff
recruited participants at retail outlets, churches, and through door-to-door solicitation. Flyers
were posted in community organizations and commercial outlets.

Data were collected at three different time periods, which coincided with the agricultural
growing season. The first data collection period took place between April and July 2005 and
corresponded to the thinning season for apples and pears. During the thinning season,
farmworkers remove by hand small buds and shoots from the limbs of apple and pear trees
to allow the remaining buds to produce larger fruit. This task results in much direct contact
with treated foliage. Thus, the thinning season is thought to coincide with the highest worker
exposures to pesticides. The second data collection period occurred between September and
October 2005, which was the harvest season for apples and pears. The third data collection
period took place between December 2005 and February 2006. Interviews were conducted
and samples were collected from the same families at each season. All adult participants and
referent children were asked to provide urine, blood, and saliva samples. Dust samples were
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collected from participants’ homes and vehicles. For this analysis, we report on urine and
dust data from the thinning season only, as this is the season during which most spray
activity occurs. Families were given $175 for their participation in all aspects of the study.

Survey instrument
A survey was administered in-person during each of the three seasons by trained bilingual,
bicultural project staff. The survey was a 60-item schedule that addressed general pesticide
exposure, work practices, employer practices, personal exposures, family protective
practices, and eating behaviors. In addition participants answered questions regarding
demographic information. All survey questions were reviewed by members of the CAB, and
their feedback was incorporated into the final version.

Distance measurements
For all households in the study, project staff measured actual distance using car odometer
reading, pedometers, and GoogleEarth®. They also recorded the type of crop that was
nearest a given household.

Urine collection and analysis
Our bilingual urine collectors attended three six hour training sessions. The training
addressed the importance of obtaining sufficient urine, of freezing the urine immediately
after the sample was provided, of the timeline for sample collection, and rules for
documenting household contacts and dispositions. Sample collectors were tested and
certified. Sampling protocols for urine were based on standard operating procedures
developed at the University of Washington and reported in detail by Curl et al.(21) For
urine, we collected a series of three independent spot voids (separated by two days) each
from one child and one adult in each eligible household. Once collected, urine was stored at
-10° C. The urine was thawed and approximately 15 mL from each urine sample was
transferred into a small tube and shipped on ice to the Centers for Disease Control (CDC)
National Pesticide Laboratory for analysis. Samples were analyzed using a modification of
the method of Olsson et al.(23) Briefly, 2-mL urine samples were hydrolyzed by enzymes to
liberate the glucuronide- or sulfate-bound conjugated metabolites. Hydrolysates were
extracted using a mixed-mode solid-phase extraction cartridge. Concentrated extracts were
analyzed using high-performance liquid chromatography–tandem mass spectrometry. Two
precursor/product ion pairs were analyzed per analyte, one for quantification and one for
confirmation. Analyte concentrations were quantified using isotope dilution calibration.
Approximately 10% of the samples tested were positive and negative quality control
samples. The analyzed OP metabolites included dimethylphosphate (DMP),
dimethylthiophospate (DMTP), and dimethyldithiophosphate (DMDTP) that corresponded
to the pesticides most commonly used in the Valley. For the purposes of this paper, we limit
our analysis to DMTP, as it was the most commonly detected metabolite in our sample. The
limit of quantitation for this metabolite was 0.2 ug/L.

Dust collection and analysis
Using a Nilfisk vacuum cleaner, house dust samples were collected from the residences of
the farmworkers and non-farmworkers. A cleaned vacuum and fresh polyliner bag, along
with a clean vacuum hose and wand, were used for each household. Procedures for house
and vehicle dust sampling were also developed by the University of Washington (21). Areas
were vacuumed in a standardized manner. A square half meter by half meter template was
used as a guide. Depending on flooring type, 4 to 8 templates were vacuumed. The area
vacuumed was where the parent reported “the child played most frequently.” After dust
collection, the vacuum bag and polyliner were removed and placed in a plastic bag and

Coronado et al. Page 4

J Occup Environ Med. Author manuscript; available in PMC 2012 August 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



stored at -10°C for transfer to the laboratory at the University of Washington for analysis.
Dust samples were analyzed for OP residues according to the procedures described by
Moate et al. (24), including azinphos-methyl and phosmet, the OPs in most common use in
the Valley. The limit of quantitation was 15 ug/g for azinphos-methyl and phosmet.

Each household that provided samples with a sufficient quantity of dust (N = 109) were
analyzed for diazinon, methyl parathion, malathion, chlorpyrifos, phosmet, and azinphos-
methyl compounds measured as ug/g of dust. Four of the compounds, malathion,
chlorpyrifos, phosmet, and azinphos-methyl provided enough data above the level of
quantification (LOQ) for analysis. For the purposes of this report, we provide data on
azinphos-methyl and phosmet, as they were the two dimethyl compounds in most common
use in the Valley.

Statistical Analysis
We limited our analysis to data from the thinning season as our previous data suggest that
the highest dimethyl exposure occurs during that time. We also report on house dust
concentrations for two dimethyl pesticides; azinphos-methyl and phosmet, as they are the
most commonly found in the home environment, and they are metabolized to DMTP (as
well as DMP, and DMDTP).

For the purposes of statistical analysis, we report the frequency of socio-demographic
characteristics of our study sample. To evaluate the potential relationship between distance
of a given household to the nearest field, linear regression of the DMTP measurements in
urine (log transformed) was conducted with covariate “distance from the nearest field” (in
miles). We opted not to log transform our distance variable; though this has been performed
in previous studies (16, 25), as distance was treated as a covariate in our analysis and a
variance stabilizing transformation was not needed. Using thinning season data, we included
all three urine samples from each study subject and used generalized estimated equations
(GEE) methods with an exchangeable correlation structure to account for potential
correlation within individuals due to the repeated measures. In addition to analyzing
repeated measures urinary metabolite data with GEE, analyses using mixed effect with
individual within household were conducted. An unstructured correlation matrix was used to
account for any residual correlation not accounted for by the random effects structure. The
results of the GEE and mixed effects analysis are virtually identical. We also report the
frequency of the crop that was determined to be the most proximal to a given residence. We
performed a sub-analysis using a sample restricted to crops where OPs are generally applied
(cherries, apples, or pears).

To evaluate the potential relationship between distance from the household to the nearest
field, linear regression of the various compounds in dust measured in the household (log
base 10 transformed) were conducted with covariate “distance from the nearest field” (in
miles). The relationship between house dust concentrations and distance from a given
household to the nearest field was analyzed adjusted for occupation (farmworker vs. non-
farmworker). To assess confounding, variables were added to a model that contained the
predictor variable of interest and occupation. Only gender was determined to be a
confounder. In a combined model (of adults and children), an indicator variable denoting
adult or child sample did not change the risk estimate. No differences were found in
association when log-transformed and non-log-transformed values were used. For these
models, we report the absolute change using log-transformed data, resulting in an overall
percent change in our effect estimates.
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RESULTS
Response rate

A convenience sample of 101 farmworker families and 100 non-farmworker families
participated in the study. For the thinning season, urine samples were collected from 200
adults and 199 children. House dust samples were analyzed from 109 homes; belonging to
54 farmworkers and 55 non-farmworkers. Dust samples only were analyzed for households
that had sufficient quantities collected of both house and vehicle dust (> 1 gram).

Socio-demographic characteristics
The average age of respondents was 31 (Table 1). Over three-quarters of our sample was
female. Ninety-two percent of farmworkers and over three-quarters of non-farmwokers
reported being married or living with a partner. Household income distribution varied by
occupational status, with 39% of farmworkers and 31% of non-farmworkers earning
$15,000 per year or less. Number of children was relatively similar across occupational
group. Nearly all farmworkers were born in Mexico; this compared to two-thirds of non-
farmworkers. Slightly more than one-half of farmworkers and 80% of non-farmworkers
lived in a single family dwelling.

Socio-demographic characteristics and distance—When we examined socio-
demographic characteristics across categories of residential distance from the nearest field,
we found no difference across age groups. Females comprised nearly 90% of those living
within 200 feet of farmland and about two-thirds of those living more than one mile away.
No associations were noted between distance and marital status, household income, number
of children, or birthplace. Three-quarters of those who lived within 200 feet of farmland
lived in a single family dwelling, and that percentage was lower (65%) for those who lived
farther away. Contrary to expectation, among those who lived within 200 feet of farmland,
slightly more than one-half (54%) were non-farmworkers.

Socio-demographic characteristics and urinary metabolite concentrations and
house dust levels—We examined socio-demographic characteristics across categories of
urinary DMTP concentrations and house dust levels of azinphos-methyl and phosmet (Table
2). In regard to DMTP concentrations, no differences were found across categories of age,
income, or number of children. Gender, marital status, birthplace, and type of dwelling were
all associated with DMTP concentrations. House dust levels of azinphos-methyl and
phosmet were not significantly associated with gender, number of children, and type of
dwelling. Azinphos-methyl and phosmet levels were associated with income and birthplace,
with higher levels found among those with lower incomes and who were born in Mexico.
Age was associated with levels of phosmet, but not azinphos-methyl. Martial status was
associated with levels of azinphos-methyl, but not phosmet.

Concentrations of DMTP and house dust levels of pesticides among farmworkers and non-
farmworkers

Consistent with expectation, concentrations of DMTP were higher in farmworkers (71.1 ug/
L) than in non-farmworkers (5.5 ug/L) (Table 3). Both groups had higher DMTP
concentrations than a nationally representative sample of adult participants in NHANES.
Similarly, concentrations of DMTP were higher in children of farmworkers compared to
non-farmworkers (16.5 ug/L vs. 7.5 ug/L). Both groups had higher concentrations than a
nationally representative sample of youth participants in NHANES. House dust levels of
azinphos-methyl and phosmet were also significantly higher in farmworker compared to
non-farmworker homes.
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Crops and distance from nearest field
When we examined the type of crop that was nearest to our selected households, we found
that corn, hay, and wheat were most commonly observed (42%), followed by apples or pears
(14%), cherries (11%), grapes (10%), and asparagus (8%)(Table 4). The remaining 16%,
categorized as “other”, included hops, mint, onions, peas, and potatoes. For the 28
households that were situated within 200 feet from farmland, the nearest crops were corn,
hay, or wheat (59%); smaller proportions were found to have apples or pears (15%), cherries
(7%), or asparagus (4%). The remaining 15% were categorized as “other”.

Distance from farmland and urinary metabolite and house dust concentrations
In linear regression analysis adjusted for occupational status and adult gender, a significant
20% reduction in DTMP concentration was observed for each mile distance from the nearest
field (in combined data from adults and children) (Table 5). Reductions in DMTP
concentrations were observed with increasing distance from the nearest field in data
stratified by adults, children, farmworkers and non-farmworkers, though the relationships
were not significant. No significant associations of azinphos-methyl and phosmet levels and
distance from farmland. When we restricted our analysis to the 28 households for which the
nearest crop was one where OPs are generally applied, we found no association of
residential proximity to DMTP concentrations or to dust levels of AZM or phosmet.

DISCUSSION
The goal of our analysis was to examine spray drift, not from a model perspective, but from
a human impacts perspective. We were not interested in spray drift per se, but in whether or
not among families living in agricultural region such drift is entering homes and coming into
contact with children. The results of this report provide support for our hypothesis that
individuals who live closer to farmland have higher urinary metabolite concentrations than
individuals who live farther away. However, our findings do not support our hypothesis that
individuals who live closer to farmland have higher levels of pesticide residues in their
house dust. Our data contribute to a growing body of knowledge about the relative
contribution of sources of pesticides exposure among individuals living in agricultural
communities.

We found that urinary pesticide metabolite concentrations were associated with distance
from nearby farmland, in a model that combined adults and children. To our knowledge,
only one previous study has reported on this association. Findings from Lu’s et al. study of
60 households located in central Washington State showed that median DMTP
concentrations were significantly higher among children living in homes that were 200 feet
or closer to treated farmland, compared to those living in homes that were over 200 feet
from treated farmland (median DMTP concentration 30 ug/L among children <=200 feet vs.
10 ug/L among children > 200 feet; p = 0.01) (11). Notably, both values are above the 4 ug/
L reported for the general US population of individuals aged 6–11(29).

Notably, Lu’s study reported analysis of 45 (75% of the sample) households that were
within 200 feet of treated farmland and our study included 28 (14% of our sample)
households within this range. Previous research has suggested that pesticide drift diminishes
sharply with increasing distance from fields. Carlsen et al., for example, examined drift from
10 herbicides using passive dosimeters (25). Spray was detected up to 150 meters off-target.
However, the highest concentrations were found within a short distance from treated fields:
0.1–9% of amounts applied was found within 2 meters, and 0.02–4% of amounts applied
was found within 3 meters. The amount decreased exponentially with increasing distance
from the treated field. In Lu’s study, of the 47 total agricultural families that lived within
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200 feet, 35 lived within 50 feet. By comparison, only 4 of the households in our study were
within 50 feet of the nearest field. Moreover, Lu’s study examined treated farmland, and it is
unknown whether or not the nearest fields in our study were pesticide treated.

Another important difference in Lu’s study compared to ours is that Lu’s study only looked
at proximity in agricultural workers, most of whom were pesticide applicators. Reference
families for the study all lived more than ¼ mile from treated farmland and did not work in
agriculture. In our study, nearly equal numbers of farmworker as non-farmworkers lived
within 200 feet of farmland, allowing us to examine in the non-farmworker group the
influence of proximity with minimal confounding from workplace sources of exposure. In
our previous analyses, we report higher urinary metabolite concentrations and house
azinphos-methyl residues in pome fruit workers, compared to non-pome fruit workers,
underscoring the importance of workplace sources of exposure (30). Nevertheless, when we
limited our analysis to non-farmworkers, we found no relationship between household
proximity to farmland and house dust concentrations of azinphos-methyl or phosmet, nor
urinary OP metabolite concentrations. Our study included over twice the number of
participants as Lu’s and notably, while we achieved 98% detection of DMTP from our urine
analysis, Lu’s study achieved 67% detection of the same metabolite among agricultural
families and 53% detection of DMTP among non-agricultural families (adults and children
combined).

Our finding that dust levels of azinphos-methyl and phosmet were not associated with
proximity to farmland was inconsistent with four previous investigations (11, 16-18). Lu et
al. reported significantly higher dust concentrations of azinphos-methyl in homes that were
within 200 feet of treated farmland, compared to homes that were 200 feet or farther away (p
= 0.01) (11). McCauley et al. examined azinphos-methyl levels in 25 homes in the Hood
River Valley of Oregon State that were located between 3 and 305 meters of farmland.
Findings from her study showed a significant log-linear association; azinphos-methyl
concentrations dropped 18% when the distance from fields doubled (p=0.04)(16). Ward et
al. reported on a study that examined concentrations of herbicides in 112 homes in an
agricultural community in Iowa (where pesticides are likely to be applied via aerial spray).
Findings from this study showed a direct association between increasing acreages of corn
and soybean within 750 meters of participants’ homes and dust residues of herbicides found
in the home (17). In a study conducted in North Carolina and Virginia where dust samples
were collected from 41 homes, Quandt et al. reported that homes that were judged to be
adjacent to agricultural fields (using maps drawn by project staff) were 18 times more likely
to have detectable levels of agricultural pesticides in their house dust, compared to homes
that were judged not to be adjacent to agricultural fields (18). Notably, a fifth study,
conducted by Weppner et al., measured methamidophos levels in indoor and outdoor air
samples, playground equipment and toys and hands of 8 children in Eastern Washington
prior to and shortly after a scheduled aerial spraying of potatoes. Findings from the study
showed that no methamidophos was found on indoor surfaces, suggesting that children’s
exposure generally occurred outdoors (14).

Notably, previous research suggests that the amount of drift and the distance it travels is
influenced by the application method, meteorological conditions, topography, characteristics
of the crop or area being sprayed, and decisions made by applicators (26). The vast majority
of orchards in our sample are sprayed using airblast sprayers and it is likely that there is less
drift with this application method than with aerial applications. Workplace practices such as
using one-sided application methods on the last 3 rows of crops or planting tall trees that
capture the residue are also thought to mitigate the quantity of pesticides that are carried
through the air. It is unclear to what extent growers in this region are engaging in these
practices.
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Other factors contribute to the complexity of assessing the influence of proximity on in-
home pesticide exposure levels. In Washington State, the growing season is relatively short,
and pesticide applications are episodic events, which complicate measurements of the
impact of exposures to children. While some states have mandatory reporting of pesticide
spray events, Washington State does not, thus designing a controlled study that examines
drift generally requires voluntary sharing of information from growers or the often
inaccurate reporting of such events from workers. In our study, we relied on distance to the
nearest field as a proxy for a pesticide-treated field, even though we had no information to
suggest whether or not the field was pesticide treated or when the most recent pesticide
application had occurred. We had no information on wind direction and speed or other
meteorological, field, or human factors that may influence the impact of spray drift, though
some of these factors have been considered in some previous studies on this topic.

Limitations and strengths
There are some important limitations of this study. First, our urine and dust collection was
not timed to coincide with spray activity, thus we may have missed peak exposures that
were captured in some previous investigations. Second, our participants were limited to
those who worked in apples and pears and our specimen analysis was limited to the
detection of OPs. It is possible that non-OPs were used in some nearby fields and we did not
test for these in the homes. Our data on crops show that a large proportion of nearby crops
was corn, hay, or wheat, on which herbicides are generally applied and we did no testing for
the presence of these. Nevertheless, when we restricted our analysis to homes that were near
crops that are generally treated with OPs, we still found no evidence for associations.
Further, use of distance as a surrogate for proximity does not account for wind direction,
topography or other factors that are known to influence exposure levels. Our measurement
distance, as gathered mostly by odometer readings, reflects “road distance” and may
overestimate the actual distance. Unlike other studies that select households based on their
distance from the nearest field, a relatively small proportion of homes in our study were
immediately adjacent to fields. Nevertheless, our relatively large sample size meant that we
had similar numbers of “adjacent” homes as in previous studies.

Environmental Protection Agency (EPA) models suggest that a variety of factors influence
the likelihood of being exposed to drift from nearby pesticide applications, including wind
and temperature, among others. Our analysis only considered proximity. Future research
may benefit from the inclusion of additional factors thought to influence spray drift.

Barr and others have noted several limitations to the interpretation of urinary metabolite
concentrations for monitoring pesticide exposures (31). Interpretation can be complicated by
the short biological half-lives of most pesticides and the associated difficulty in specifying
the timing of applications and the types of chemical applied. Spot urine samples are thought
to be less precise than 24 hour urine samples and there exists inter-individual variability in
the speed of excretion and routes of elimination. In our study, we collected three spot urine
samples and used general estimating equations to minimize intra-person variability. Several
different pesticides produce the same metabolites and many organophosphate metabolites
can be derived from exposures to pre-formed metabolites themselves (32), further
complicating inferences about levels of exposures to parent compounds. Nevertheless,
inclusion of house dust data means that our analysis does not rely solely on data from
urinary metabolites.

The strength of this study is that we did not rely on self-reported data, which may be limited
by individual differences in perceptions of and facility with measurements of distance (i.e.
recent immigrant may not yet think in US measurements such as miles, and block distances
can vary dramatically depending on whether one lives in an urban or rural area). Instead, we
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measured distances from nearest field. Our urine samples were analyzed at the National
Pesticide Laboratory at the CDC and we achieved a substantially higher percentage of
detection than in previous studies. We enrolled a sample of farmworkers and non-
farmworkers that was substantially larger than most previous investigations, and by
enrolling non-farmworkers, we were able to examine the influence of the environmental
pathway in the absence of occupational and paraoccupational exposures. Given that we
enrolled a community-based sample of households with varying distances from the nearest
field, our analysis represents a real-world scenario of community exposure.

Conclusion
Our data appear to suggest that living farther from farmland is associated with a 20%
reduction per mile in concentrations of DMTP in adult farmworkers, non-farmworkers or
their children in combined analysis. Given the complexity of factors that influences personal
and in-home exposures and factors that influence the opportunity for pesticides sprayed on
nearby farms to enter residential sites, additional research to examine the contribution
through the proximity pathway is warranted. Future research might examine pesticide
residue levels in house dust and urinary metabolite concentrations among farmworkers and
non-farmworkers that are located close distances from farmland, specifically within 50 feet.
Future research might also examine the location of schools and day care centers, and the
influence of the environmental pathway of children’s exposures in these settings.

Acknowledgments
The authors acknowledge members of our community advisory board for their collaborative assistance designing
and carrying out the project.

FUNDING

Although the research described in this article has been funded in part by the by the US Environmental Protection
Agency through R826886 and the National Institutes of Health through grant number P01 ES09601, it has not been
subjected to either agency’s required peer and policy review and therefore does not necessarily reflect the views of
either agency and no official endorsement should be inferred. Funding agency representative had no role in the
study design; in the collection, analysis and interpretation data; in the writing of the report; or in the decision to
submit the paper for publication.

References
1. US General Accounting Offices. Requesters RtC. United States General Accounting Offices; 2000.

Pesticides: Improvements needed to ensure the safety of farmworkers and their children.

2. Blain PG. Adverse health effects after low level exposure to organophosphates. Occupational and
Environmental Medicine. 2001; 58:689–90. Comment Editorial. [PubMed: 11600721]

3. Kirkhorn SR, Schenker MB. Current health effects of agricultural work: respiratory disease, cancer,
reproductive effects, musculoskeletal injuries, and pesticide-related illnesses. Journal of
Agricultural Safety and Health. 2002; 8:199–214. Review, Tutorial. [PubMed: 12046806]

4. Mills PK, Yang R. Prostate cancer risk in California farm workers. Journal of Occupational
Environmental Medicine. 2003; 45:249–58.

5. Eskenazi B, Bradman A, Castorina R. Exposures of children to organophosphate pesticides and their
potential adverse health effects. Environ Health Perspect. 1999; 3:409–19. [PubMed: 10346990]

6. Barone S Jr, Das KP, Lassiter TL, White LD. Vulnerable processes of nervous system development:
a review of markers and methods. Neurotoxicology. 2000; 21:15–36. [PubMed: 10794382]

7. Goldman LR, Koduru S. Chemicals in the environment and developmental toxicity to children: a
public health and policy perspective. Environ Health Perspect. 2000; 108(Suppl 3):443–8.
[PubMed: 10852843]

8. Weiss B. Vulnerability to pesticide neurotoxicity is a lifetime issue. Neurotoxicology. 2000; 21:67–
73. [PubMed: 10794386]

Coronado et al. Page 10

J Occup Environ Med. Author manuscript; available in PMC 2012 August 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



9. Berkowitz GS, Wetmur JG, Birman-Deych E, Obel J, Lapinski RH, Godbold JH, et al. In utero
pesticide exposure, maternal paraoxonase activity, and head circumference. Environ Health
Perspect. 2004; 112:388–91. [PubMed: 14998758]

10. Young JG, Eskenazi B, Gladstone EA, Bradman A, Pedersen L, Johnson C, et al. Association
between in utero organophosphate pesticide exposure and abnormal reflexes in neonates.
Neurotoxicology. 2005; 26:199–209. [PubMed: 15713341]

11. Lu C, Fenske RA, Simcox NJ, Kalman D. Pesticide exposure of children in an agricultural
community: evidence of household proximity to farmland and take home exposure pathways.
Environmental Research. 2000; 84:290–302. [PubMed: 11097803]

12. Fenske RA, Lu C, Barr D, Needham L. Children’s exposure to chlorpyrifos and parathion in an
agricultural community in central Washington State. Environ Health Perspect. 2002; 110:549–53.
[PubMed: 12003762]

13. Ramaprasad J, Tsai MG, Fenske RA, Faustman EM, Griffith WC, Felsot AS, et al. Children’s
inhalation exposure to methamidophos from sprayed potato fields in Washington State: Exploring
the use of probabilistic modeling of meteorological data in exposure assessment. J Expo Sci
Environ Epidemiol. 2008

14. Weppner S, Elgethun K, Lu C, Hebert V, Yost MG, Fenske RA. The Washington aerial spray drift
study: children’s exposure to methamidophos in an agricultural community following fixed-wing
aircraft applications. J Expo Sci Environ Epidemiol. 2006; 16:387–96. [PubMed: 16249796]

15. Winges, KD. User’s guide for the fugitive dust model (FDM). Seattle, WA: US Environmental
Protection Agency; 1991.

16. McCauley LA, Lasarev MR, Higgins G, Rothlein J, Muniz J, Ebbert C, et al. Work characteristics
and pesticide exposures among migrant agricultural families: a community-based research
approach. Environ Health Perspect. 2001; 109:533–8. [PubMed: 11401767]

17. Ward MH, Lubin J, Giglierano J, Colt JS, Wolter C, Bekiroglu N, et al. Proximity to crops and
residential exposure to agricultural herbicides in iowa. Environ Health Perspect. 2006; 114:893–7.
[PubMed: 16759991]

18. Quandt SA, Arcury TA, Rao P, Snively BM, Camann DE, Doran AM, et al. Agricultural and
residential pesticides in wipe samples from farmworker family residences in North Carolina and
Virginia. Environ Health Perspect. 2004; 112:382–7. [PubMed: 14998757]

19. Arcury TA, Grzywacz JG, Barr DB, Tapia J, Chen H, Quandt SA. Pesticide urinary metabolite
levels of children in eastern North Carolina farmworker households. Environ Health Perspect.
2007; 115:1254–60. [PubMed: 17687456]

20. Thompson B, Coronado GD, Grossman JE, Puschel K, Solomon CC, Islas I, et al. Pesticide take-
home pathway among children of agricultural workers: study design, methods, and baseline
findings. Journal of occupational and environmental medicine / American College of Occupational
and Environmental Medicine. 2003; 45:42–53. [PubMed: 12553178]

21. Curl CL, Fenske RA, Kissel JC, Shirai JH, Moate TF, Griffith W, et al. Evaluation of take-home
organophosphorus pesticide exposure among agricultural workers and their children. Environ
Health Perspect. 2002; 110:A787–92. [PubMed: 12460819]

22. Thompson B, Coronado G, Puschel K, Allen E. Identifying constituents to participate in a project
to control pesticide exposure in children of farmworkers. Environ Health Perspect. 2001;
109(Suppl 3):443–8. [PubMed: 11427394]

23. Olsson AO, Baker SE, Nguyen JV, Romanoff LC, Udunka SO, Walker RD, et al. A liquid
chromatography--tandem mass spectrometry multiresidue method for quantification of specific
metabolites of organophosphorus pesticides, synthetic pyrethroids, selected herbicides, and deet in
human urine. Analytical chemistry. 2004; 76:2453–61. [PubMed: 15117183]

24. Moate TF, Furia M, Curl C, Muniz JF, Yu J, Fenske RA. Size exclusion chromatographic cleanup
for GC/MS determination of organophosphorus pesticide residues in household and vehicle dust.
Journal of AOAC International. 2002; 85:36–43. [PubMed: 11878617]

25. Carlsen SC, Spliid NH, Svensmark B. Drift of 10 herbicides after tractor spray application. 2.
Primary drift (droplet drift). Chemosphere. 2006; 64:778–86. [PubMed: 16337986]

26. US Environmental Protection Agency. [2009 October 1] Fact Sheet: Spray drift of Pesticides.
1999. updated August 20, 2008; http://www.epa.gov/opp00001/factsheets/spraydrift.htm

Coronado et al. Page 11

J Occup Environ Med. Author manuscript; available in PMC 2012 August 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.epa.gov/opp00001/factsheets/spraydrift.htm


27. Bird SL, Perry SG, Ray SL, Teske ME. Evaluation of the AgDISP aerial spray algorithms in the
AgDRIFT model. Environ Toxicol Chem. 2002; 21:672–81. [PubMed: 11878481]

28. Teske ME, Bird SL, Esterly DM, Curbishley TB, Ray SL, Perry SG. AgDRIFT: a model for
estimating near-field spray drift from aerial applications. Environ Toxicol Chem. 2002; 21:659–
71. [PubMed: 11878480]

29. Barr DB, Allen R, Olsson AO, Bravo R, Caltabiano LM, Montesano A, et al. Concentrations of
selective metabolites of organophosphorus pesticides in the United States population. Environ Res.
2005; 99:314–26. [PubMed: 16307973]

30. Coronado GD, Vigoren EM, Thompson B, Griffith WC, Faustman EM. Organophosphate pesticide
exposure and work in pome fruit: evidence for the take-home pesticide pathway. Environ Health
Perspect. 2006; 114:999–1006. [PubMed: 16835050]

31. Barr DB, Thomas K, Curwin B, Landsittel D, Raymer J, Lu C, et al. Biomonitoring of exposure in
farmworker studies. Environ Health Perspect. 2006; 114:936–42. [PubMed: 16759998]

32. Albertini R, Bird M, Doerrer N, Needham L, Robison S, Sheldon L, et al. The use of
biomonitoring data in exposure and human health risk assessments. Environ Health Perspect.
2006; 114:1755–62. [PubMed: 17107864]

Coronado et al. Page 12

J Occup Environ Med. Author manuscript; available in PMC 2012 August 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Coronado et al. Page 13

Ta
bl

e 
1

So
ci

o-
de

m
og

ra
ph

ic
 c

ha
ra

ct
er

is
tic

s 
by

 o
cc

up
at

io
n 

an
d 

m
ea

su
re

d 
di

st
an

ce
 f

or
 n

ea
re

st
 f

ie
ld

O
cc

up
at

io
n

D
is

ta
nc

e 
fr

om
 n

ea
re

st
 f

ie
ld

F
ar

m
 w

or
ke

r 
(n

 =
 1

00
)

N
on

-f
ar

m
 w

or
ke

r 
(n

 =
10

0)
< 

20
0 

fe
et

 (
n 

= 
28

)
20

0 
fe

et
 <

 0
.5

 m
ile

s 
(n

 =
10

5)
0.

5 
m

ile
s 

≤ 
1 

m
ile

 (
n 

= 
39

)
M

or
e 

th
an

 1
 m

ile
 (

n 
= 

28
)

A
ge

 (
m

ea
n)

31
.6

31
.3

30
.9

31
.0

32
.9

32
.0

 
<

 2
5

11
15

14
.8

15
.2

5.
1

14
.3

 
25

–2
9

20
27

22
.2

21
.9

28
.2

25
.0

 
30

–3
4

46
28

37
.0

41
.9

30
.8

28
.6

 
35

 o
r 

m
or

e
23

29
25

.9
21

.0
35

.9
32

.1

G
en

de
r

 
Fe

m
al

e
79

81
89

.3
81

.0
79

.5
67

.9

M
ar

ita
l s

ta
tu

s

 
M

ar
ri

ed
 / 

liv
in

g 
as

 m
ar

ri
ed

92
76

85
.7

87
.6

76
.3

82
.1

 
W

id
ow

ed
 / 

di
vo

rc
ed

6
15

10
.7

8.
6

15
.8

10
.7

 
N

ev
er

 m
ar

ri
ed

2
8

3.
6

3.
8

7.
9

7.
1

In
co

m
e

 
<

 1
5,

00
0

39
31

35
.7

30
.8

41
.0

42
.9

 
15

,0
00

–2
5,

00
0

40
32

35
.7

39
.4

30
.8

32
.1

 
>

 2
5,

00
0

21
36

28
.6

29
.8

28
.2

25
.0

N
um

be
r 

of
 c

hi
ld

re
n

 
1

11
14

14
.8

11
.4

12
.8

14
.3

 
2

25
32

25
.9

31
.4

20
.5

32
.1

 
3

30
23

37
.0

25
.7

30
.8

14
.3

 
4 

or
 m

or
e

34
30

22
.2

31
.4

35
.9

39
.3

B
ir

th
pl

ac
e

 
M

ex
ic

o
97

64
78

.6
83

.8
79

.0
75

.0

 
U

S
2

36
21

.4
16

.2
21

.1
25

.0

T
yp

e 
of

 d
w

el
lin

g

 
Si

ng
le

 f
am

ily
 h

om
e

52
80

75
.0

62
.9

66
.7

67
.9

 
A

pa
rt

m
en

t
28

15
17

.9
22

.9
25

.6
14

.3

 
M

ob
ile

 h
om

e/
 tr

ai
le

r
20

5
7.

1
14

.3
7.

7
17

.9

J Occup Environ Med. Author manuscript; available in PMC 2012 August 08.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Coronado et al. Page 14

O
cc

up
at

io
n

D
is

ta
nc

e 
fr

om
 n

ea
re

st
 f

ie
ld

F
ar

m
 w

or
ke

r 
(n

 =
 1

00
)

N
on

-f
ar

m
 w

or
ke

r 
(n

 =
10

0)
< 

20
0 

fe
et

 (
n 

= 
28

)
20

0 
fe

et
 <

 0
.5

 m
ile

s 
(n

 =
10

5)
0.

5 
m

ile
s 

≤ 
1 

m
ile

 (
n 

= 
39

)
M

or
e 

th
an

 1
 m

ile
 (

n 
= 

28
)

O
cc

up
at

io
n

 
Fa

rm
w

or
ke

r
--

--
46

.4
53

.3
48

.7
42

.9

 
N

on
-f

ar
m

w
or

ke
r

--
--

53
.6

46
.7

51
.3

57
.1

J Occup Environ Med. Author manuscript; available in PMC 2012 August 08.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Coronado et al. Page 15

Ta
bl

e 
2

So
ci

o-
de

m
og

ra
ph

ic
 c

ha
ra

ct
er

is
tic

s 
by

 D
M

T
P*  

co
nc

en
tr

at
io

ns
 a

nd
 h

ou
se

 d
us

t l
ev

el
s 

of
 A

Z
M

**
 a

nd
 P

ho
sm

et

D
M

T
P

*  
co

nc
en

tr
at

io
ns

H
ou

se
 d

us
t 

le
ve

ls

A
du

lt
 (

n 
= 

20
0)

 U
g/

L
A

Z
M

**
 (

n 
= 

10
9)

 n
g/

g
P

ho
sm

et
 (

n 
= 

10
9)

 n
g/

g

G
M

**
*  

(9
5%

C
I)

P
 v

al
ue

G
M

**
*  

(9
5%

C
I)

P
 v

al
ue

G
M

**
*  

(9
5%

C
I)

P
 v

al
ue

A
ge

 
<

 2
5

12
.2

 (
6.

2,
 2

4.
1)

19
8.

0 
(6

2.
9,

 6
23

.7
)

49
.3

 (
19

.2
, 1

27
.1

)

 
25

–2
9

12
.9

 (
6.

9,
 2

4.
2)

15
7.

3 
(6

9.
8,

 3
54

.2
)

54
.8

 (
28

.0
, 1

07
.0

)

 
30

–3
4

29
.7

 (
16

.3
, 5

4.
0)

39
7.

0 
(1

84
.8

, 8
52

.9
)

10
9.

0 
(5

7.
5,

 2
03

.0
)

 
35

 o
r 

m
or

e
19

.8
 (

12
.9

, 3
0.

5)
N

S
35

0.
3 

(2
00

.1
, 6

13
.2

)
N

S
12

7.
9 

(8
0.

7,
 2

03
.0

)
.0

2

G
en

de
r

 
M

al
e

33
.2

 (
18

.5
, 5

9.
7)

21
4.

2 
(1

03
.8

, 4
42

.3
)

99
.7

 (
54

.4
, 1

82
.7

)

 
Fe

m
al

e
17

.0
 (

9.
0,

 3
2.

1)
.0

4
29

3.
9 

(1
31

.7
, 6

55
.5

)
N

S
84

.5
 (

43
.2

, 1
65

.3
)

N
S

M
ar

ita
l s

ta
tu

s

 
M

ar
ri

ed
 / 

liv
in

g 
as

 m
ar

ri
ed

23
.4

 (
11

.3
, 4

8.
5)

31
0.

2 
(8

1.
8,

 1
17

5.
4)

97
.2

 (
31

.5
, 3

00
.3

)

 
W

id
ow

ed
 / 

di
vo

rc
ed

11
.6

 (
4.

7,
 2

8.
5)

29
5.

1 
(5

7.
7,

 1
51

0.
4)

53
.6

 (
13

.4
, 2

13
.4

)

 
N

ev
er

 m
ar

ri
ed

3.
1 

(1
.6

, 6
.2

)
<

0.
00

1
51

.7
 (

14
.2

, 1
88

.0
)

<
.0

05
40

.2
 (

13
.5

, 1
19

.8
)

N
S

In
co

m
e

 
<

 1
5,

00
0

17
.8

 (
10

.2
, 3

1.
4)

32
4.

1 
(1

53
.4

, 6
84

.9
)

10
5.

9 
(5

9.
8,

 1
87

.5
)

 
15

,0
00

–2
5,

00
0

26
.3

 (
14

.9
, 4

6.
4)

28
5.

1 
(1

31
.3

, 6
19

.4
)

10
2.

7 
(5

7.
4,

 1
84

.0
)

 
>

 2
5,

00
0

15
.2

 (
10

.2
, 2

2.
8)

N
S

22
4.

5 
(1

28
.2

, 3
93

.3
)

N
S

55
.7

 (
39

.1
, 7

9.
3)

.0
5

N
um

be
r 

of
 c

hi
ld

re
n

 
1

18
.1

 (
8.

5,
 3

8.
5)

32
2.

3 
(1

17
.5

, 8
84

.1
)

65
.8

 (
28

.3
, 1

53
.1

)

 
2

17
.2

 (
9.

4,
 3

1.
6)

21
7.

7 
(9

8.
8,

 4
79

.7
)

75
.4

 (
38

.9
, 1

45
.9

)

 
3

16
.8

 (
9.

3,
 3

0.
3)

21
5.

7 
(9

5.
6,

 4
87

.0
)

85
.7

 (
43

.4
, 1

69
.2

)

 
4 

or
 m

or
e

25
.5

 (
17

.5
, 3

7.
3)

N
S

39
2.

7 
(2

31
.5

, 6
66

.4
)

N
S

11
3.

7 
(7

3.
1,

 1
76

.9
)

N
S

B
ir

th
pl

ac
e

 
M

ex
ic

o
26

.4
 (

17
.6

, 3
9.

6)
34

8.
7 

(1
69

.6
, 7

16
.8

)
10

5.
5 

(6
0.

1,
 1

85
.5

)

 
U

S
5.

3 
(3

.9
, 7

.3
)

<
0.

00
1

10
4.

3 
(5

5.
0,

 1
97

.6
)

0.
00

1
34

.6
 (

21
.0

, 5
7.

1)
<

0.
00

1

T
yp

e 
of

 d
w

el
lin

g

J Occup Environ Med. Author manuscript; available in PMC 2012 August 08.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Coronado et al. Page 16

D
M

T
P

*  
co

nc
en

tr
at

io
ns

H
ou

se
 d

us
t 

le
ve

ls

A
du

lt
 (

n 
= 

20
0)

 U
g/

L
A

Z
M

**
 (

n 
= 

10
9)

 n
g/

g
P

ho
sm

et
 (

n 
= 

10
9)

 n
g/

g

G
M

**
*  

(9
5%

C
I)

P
 v

al
ue

G
M

**
*  

(9
5%

C
I)

P
 v

al
ue

G
M

**
*  

(9
5%

C
I)

P
 v

al
ue

 
Si

ng
le

 f
am

ily
 h

om
e

13
.7

 (
7.

1,
 2

6.
4)

23
0.

1 
(8

8.
4,

 5
98

.8
)

77
.4

 (
34

.8
, 1

72
.0

)

 
A

pa
rt

m
en

t
33

.2
 (

15
.6

, 7
0.

6)
46

6.
4 

(1
43

.7
, 1

51
4.

3)
15

6.
5 

(5
8.

6,
 4

18
.1

)

 
M

ob
ile

 h
om

e/
 tr

ai
le

r
51

.2
 (

28
.2

, 9
2.

8)
<

0.
00

1
43

6.
5 

(1
79

.9
, 1

05
9.

3)
N

S
83

.4
 (

39
.8

, 1
74

.7
)

N
S

* D
M

T
P:

 d
im

et
hy

lth
io

ph
os

ph
at

e

**
A

Z
M

: a
zi

np
ho

s-
m

et
hy

l

**
* G

eo
m

et
ri

c 
m

ea
n

J Occup Environ Med. Author manuscript; available in PMC 2012 August 08.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Coronado et al. Page 17

Ta
bl

e 
3

C
on

ce
nt

ra
tio

ns
 o

f 
D

M
T

P*  
an

d 
ho

us
e 

du
st

 le
ve

ls
 o

f 
A

Z
M

**
 a

nd
 P

ho
sm

et
 a

m
on

g 
fa

rm
w

or
ke

r 
an

d 
no

n-
fa

rm
w

or
ke

r 
ad

ul
ts

 a
nd

 c
hi

ld
re

n.

D
M

T
P

*  
co

nc
en

tr
at

io
ns

H
ou

se
 d

us
t 

le
ve

ls

A
du

lt
 (

n 
= 

20
0)

 U
g/

L
A

Z
M

**
 (

n 
= 

10
9)

 n
g/

g
P

ho
sm

et
 (

n 
= 

10
9)

 n
g/

g

G
M

**
*  

(9
5%

C
I)

P
 v

al
ue

G
M

**
*  

(9
5%

C
I)

P
 v

al
ue

G
M

**
*  

(9
5%

C
I)

P
 v

al
ue

N
H

A
N

E
S*

**
*  

(a
ge

s 
20

 -
 5

9)
1.

47
 (

1.
1,

 1
.9

)
--

--

Fa
rm

w
or

ke
r 

ad
ul

t
71

.1
 (

44
.1

, 1
14

.5
)

64
3.

1 
(3

76
.3

, 1
10

2.
1)

15
2.

8 
(9

5.
0,

 2
46

.0
)

N
on

-f
ar

m
w

or
ke

r 
ad

ul
t

5.
5 

(4
.6

, 6
.5

)
<

0.
00

1
12

1.
4 

(8
3.

1,
 1

77
.3

)
<

0.
00

1
50

.2
 (

35
.9

, 7
0.

2)
<

0.
00

1

N
H

A
N

E
S*

**
*  

(a
ge

s 
6 

- 
11

)
2.

72
 (

1.
9,

 4
.0

)

Fa
rm

w
or

ke
r 

ch
ild

16
.5

 (
9.

5,
 2

8.
4)

N
on

-f
ar

m
w

or
ke

r 
ch

ild
7.

5 
(5

.9
, 9

.5
)

<
0.

00
1

* D
M

T
P:

 d
im

et
hy

lth
io

ph
os

ph
at

e

**
A

Z
M

: a
zi

np
ho

s-
m

et
hy

l

**
* G

eo
m

et
ri

c 
m

ea
n

**
**

N
at

io
na

l H
ea

lth
 a

nd
 N

ut
ri

tio
n 

E
xa

m
in

at
io

n 
Su

rv
ey

J Occup Environ Med. Author manuscript; available in PMC 2012 August 08.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Coronado et al. Page 18

Table 4

Distribution of study participants by measured distance from nearest field and the nearest crop

Distance from nearest field

< 200 feet (n = 28) 200 feet < 0.5 miles (n = 105) 0.5 miles ≤ 1 mile (n = 39) More than 1 mile (n = 28)

Nearest crop % % % %

 Apples / pears 14.8 15.2 15.4 3.9

 Corn / Hay / Wheat 59.3 36.2 33.3 57.7

 Cherries 7.4 13.3 12.8 0.0

 Grapes 0.0 9.5 18.0 7.7

 Asparagus 3.7 2.9 10.3 30.8

 Other* 14.8 22.9 10.3 0.0

*
other included hops, mint, onions, peas, and potatoes
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