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Abstract

Background—This analysis documents detections and concentrations of the six
dialkylphosphate (DAP) urinary metabolite of organophosphorus (OP) pesticides among North
Carolina Latino migrant farmworkers, with comparison to non-farmworker Latino immigrants.

Methods—~Participants provided up to 4 urine samples during the 2012 and 2013 agricultural
seasons. Composite urine samples for each year were analyzed.
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Results—DAP urinary metabolite detections were similar in farmworkers and non-farmworker;
e.g., for 2012, 75.4% of farmworkers and 67.4% of non-farmworkers and, for 2013, 89.3% of
farmworkers and 89.7% of non-farmworkers had dimethylthiophosphate detections. DAP
geometric mean concentrations were high; e.g., dimethylphosphate concentrations among
farmworkers were 11.39 pg/g creatinine for 2012 and 4.49 pg/g creatinine for 2013, while they
were 10.49 pg/g creatinine for 2012 and 1.97 pg/g creatinine for 2013 for non-farmworkers

Conclusions—Research to reduce pesticide exposure among Latino farmworkers and non-
farmworkers is needed.
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environmental exposure; occupational exposure; immigrant health; agriculture; organophosphate
pesticides; farmworkers

Introduction

All pesticides can affect human health.1 One class of pesticides, organophosphorus (OP)
insecticides, is a particular concern due to its extensive use and varied health effects. Thirty-
three million pounds of OP pesticides were applied in the United States (US) in 2007, down
from 88 million pounds applied in 2000.2 OP pesticides are neurotoxicants that work by
inhibiting cholinesterase and thereby disrupting the nervous system.! The immediate effects
of small doses of OP pesticides include burning eyes, itch, rash, muscle ache, nausea, and
fatigue.! The immediate effects of large doses of OP pesticides include coma and death.?
The long term effects of small and large doses of OP pesticides for adults are increased risks
for respiratory and reproductive problems,3-8 neurological problems, including dementia
and parkinsonism,”~10 and cancer.11 For children, OP exposure has been related to
developmental problems, in particular, decreased 1Q.12-14

OP pesticides are a concern for all of those employed in agriculture. The Agricultural Health
Study, a study of 80,000 “licensed pesticide applicators” and their family members (http://
aghealth.nih.gov/about/advisory.html),® has documented the extent to which farmers are
exposed to OP pesticides and the health consequences of this exposure. Less research has
examined OP pesticide exposure and health effects of migrant and seasonal farmworkers.
These farmworkers have low incomes with few health benefits, have limited formal
education, are largely Latino immigrants with limited English language skills, often are
undocumented, and are mobile.18 They have limited access to health care, while
experiencing high rates of occupational injury and illness.17-19 They have little control over
their exposure to pesticides in the workplace, receive little training about pesticide safety,
and earn few rewards as a result of their exposure, making pesticide exposure in this
vulnerable population an issue of occupational and environmental justice.20

Much of the research examining farmworker OP pesticide exposure is old, with data
collection predating regulations in the early 2000s that restricted the use of some OP
pesticides.?1-25 However, several recent analyses with farmworkers in Washington, Florida,
and North Carolina document continuing substantial exposure to OP pesticides.26-28
Research on OP exposure using the six dialkylphosphate (DAP) urinary metabolites of OP
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pesticides has been conducted in several non-US agricultural populations, including
Mexico,2® France,12 Greece,30 Japan,3! and Thailand.32:33 Results from these analyses show
a great range in metabolite levels.

OP pesticide exposure is also a concern for non-agricultural populations in the US and
elsewhere. Although most OP pesticides were withdrawn from residential use in the US in
the early 2000s, data from the 2007-2008 National Health and Nutrition Examination
Survey (NHANES) indicate that exposure remains common.34:35 OP exposure pathways in
the non-agricultural US population include OP pesticide residues on food,36:37
environmental exposures to remaining residues from residential pesticide application,38 and
non-agricultural occupational exposures.3? Assessments of OP pesticide exposure in non-
agricultural US populations have focused on vulnerable communities, and have been largely
limited to analyses of prenatal and early life OP exposure and child development.40-43

Regulations surrounding pesticide use and safety continue to evolve. Several OP pesticides
were either removed from all use (e.g., diazinon) or from residential use (e.g., chlorpyrifos)
in the early 2000s. Safety regulations for agricultural pesticides have recently been revised
(https://www.epa.gov/pesticide-worker-safety/revisions-worker-protection-standard).
Research continues to document OP pesticide exposure, particularly for vulnerable
populations. Research documenting pesticide exposure in this evolving environment for
farmworker and for non-agricultural populations is needed to inform occupational and
environmental safety policy. Focusing on the DAP urinary metabolites of organophosphorus
insecticides, this analysis has two goals. First, it describes pesticide DAPs detections and
concentrations in two populations of Latino immigrant men: migrant farmworkers and non-
farmworker urban residents. Second, it determines how occupation is associated with DAP
detections and concentrations among these immigrant Latino men.

Data are from Preventing Agricultural Chemical Exposure 4 (PACE4), a community-based
participatory research collaboration between the North Carolina (NC) Farmworkers Project
(Benson, NC), El Buen Pastor Latino Community Services (Winston-Salem, NC), and the
Center for Worker Health, Wake Forest School of Medicine (Winston-Salem, NC). Other
collaborators include ToxicFree NC (Raleigh, NC), and Student Action with Farmworkers
(Durham, NC). PACE4 compares Latino migrant farmworkers with Latino immigrant non-
farmworker in NC. Farmworkers were recruited from three agricultural counties in east
central NC (Harnett, Johnston, Sampson), and non-farmworkers were recruited from an
urban area in west central NC (Winston-Salem, Forsyth County). The research protocol was
approved by the Wake Forest School of Medicine Institutional Review Board; all
participants gave signed informed consent.

Participants were men, aged 30 to 70 years, who self-identified as Latino or Hispanic, and
did not have a diagnosis of diabetes. Farmworkers had to be currently employed as
farmworkers and to have worked in agriculture for at least three years; non-farmworkers
could not have been employed for the past 3 years in jobs with known exposure to
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pesticides, including farm work, forestry, landscaping, grounds keeping, lawn maintenance,
and pest control. The inclusion and exclusion criteria reflect the needs of the parent study,
which examined subclinical cognitive and neurological outcomes of pesticide exposure.*4

Community partners assisted with participant recruitment. NC Farmworkers Project staff
approached farmworker camps, explained the project to the residents, including the inclusion
and exclusion criteria, time commitments, and asked for volunteers, who were screened to
ensure that they met the inclusion criteria. We could not calculate farmworker participation
rates. Groups of farmworkers were asked to volunteer; only the number who agreed to
volunteer is available (the denominator is not known). Generally, all of the farmworkers in a
camp who met the inclusion criteria volunteered. Individual farmworkers who did not want
to participate could have avoided contact with the project staff or may have indicated that
they did not meet the inclusion criteria to avoid refusal.

Wake Forest School of Medicine staff worked with EI Buen Pastor Latino Community
Services and other community organizations to identify potential non-farmworker
participants. Project staff contacted potential participants, explained the project, including
the inclusion and exclusion criteria and time commitments, asked if they wanted to
volunteer, and screened them to ensure that they met the inclusion criteria. Among the 400
non-farmworkers contacted by project staff, 101 individuals did not to meet the inclusion
criteria. Of 299 who met the inclusion criteria, 87 individuals refused to participate, for a
participation rate of 70.9% (212/299). Reasons given for refusing included the time
commitment and length of the study (51), blood draws (27), need to come to a clinic for data
collection (31), and providing contact information (30) (individuals could give more than
one reason for refusing).

Data Collection

Participants completed baseline interviews from May through August, 2012. They
completed up to 4 follow-up contacts at monthly intervals from June through October 2012,
and up to an additional 4 follow-up contacts at monthly intervals from June through October
2013. The same individuals participated in 2012 and 2013. At each of the 8 follow-up
contacts in 2012 and 2013, participants completed an interview and provided a urine sample.
Participants were given an incentive of $20 or $30 for completing each follow-up, with the
amount dependent on data collected at that contact; the maximum incentive that a participant
could receive over the two-year period was $150 if he completed all 9 of the data collection
contacts (baseline in 2012, 4 monthly follow-up contacts in 2012, and 4 monthly follow-up
contacts in 2013). A total of 235 farmworkers and 212 non-farmworkers completed the
baseline interviews in 2012; 203 farmworkers and 129 non-farmworkers completed at least
two follow-ups in 2012, and 112 farmworkers and 78 non-farmworkers completed at least
two follow-ups in 2013, and are included in this analysis.

Interviews contained items used to construct measures of personal characteristics, including
occupation. The interview questionnaires were developed in English and translated into
Spanish. The Spanish and English versions were checked for comparable meaning for each
item, and item wording was adjusted as needed. The questionnaire was pre-tested with
several native Spanish speakers, and final corrections were made. Interviewers were native
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Spanish speakers. They completed training that addressed questionnaire content and proper
interview technique. Baseline interviews with farmworkers were conducted in their camps,
and baseline interviews with non-farmworkers were conducted in their homes or in a neutral
site, such as a church. Study data were managed using Research Electronic Data Capture
(REDCap) hosted at Wake Forest School of Medicine.*> REDCap is a secure, web-based
application designed to support data capture for research studies.

Participants provided a spot urine sample at each of the follow-up contacts. The volume of
each urine sample was recorded, a 10 ml aliquot was prepared, and the aliquot was frozen at
—80°C until it could be delivered to the laboratory for analysis.

Laboratory Analysis

Measures

Frozen urine samples were delivered to the laboratory at Emory University, Atlanta, GA.
The six urinary DAP metabolites of OP pesticides were measured in urine samples using the
mass-spectrometry (MS)-based method of Prapamontol and colleagues:#6
dimethylphosphate (DMP), dimethylthiophosphate (DMTP),, dimethyldithiophosphate
(DMDTP), diethylphosphate (DEP), diethylthiophosphate (DETP), diethyldithiophosphate
(DEDTP). Urine samples were thawed to room temperature. A composite sample was
prepared for each participant based upon overall volume such that the resulting composite
sample would reflect the average measurement of individually tested samples across the data
collection period. A 1-mL aliquot of each sample was fortified with isotopically labeled
internal standards, and then mixed. The urine samples were extracted with acetonitrile and
diethyl ether and the DAP metabolites were chemically derivatized to their respective
pentafluorobenzyl phosphate esters. The reaction mixture was concentrated, and the
phosphate esters were measured using gas chromatography-MS in the single ion monitoring
mode. Unknown analyte concentrations were quantified using isotope dilution calibration
with calibration plots generated with each sample run. Limits of quantification were 0.3
pg/L for DMP, 0.2 pg/L for DMTP, 0.1 pg/L for DMDTP, 0.2 pg/L for DEP, 0.1 pg/L for
DETP, and 0.1 pg/L for DEDTP. To ensure quality data, additional quality control materials,
fortified samples, and blank samples were analyzed in parallel with all unknown samples.

Outcome measures include the detections and concentrations for the six DAP urinary
metabolites of organophosphorus pesticides: DMP, DMTP, DMDTP, DEP, DEPT, and
DEDTP. Detection of a metabolite is defined as a concentration greater than or equal to the
limit of quantification (LOQ). Concentrations of each metabolite are adjusted for creatinine
and are reported as jug/g creatinine. Total DAP molar weight (XDAPS) is the sum of the
molar weights for 5 of the individual DAP urinary metabolites (DMP, DMTP, DMDTP, DEP,
DETP), calculated by multiplying the concentrations by the molar weights. The molar
weight for DEDTP was not included for ZDAPs to its infrequent detection.

Occupation has two sets of values: (1) farmworker versus non-farmworker; and (2)
farmworker, construction or maintenance worker, manufacturing worker, and other worker
(includes sales, customer service, food preparation and restaurant, mechanic, transportation,
and unemployed). Participant personal characteristics used to describe the sample include
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age, in the categories 30 to 34 years, 35 to 44 years, and 45 years and older; whether
married/living as married; education, in the categories 0 to 6 years, 7 to 11 years, 12 or more
years; Mexico is country of origin; H-2A or H-2B visa; and Spanish is dominant language

Baseline participant characteristics were compared between farmworkers and non-
farmworkers using chi-square tests. For each metabolite, we first used frequency counts and
percentages to summarize the presence of detection in each year. The difference in detection
between farmworkers and non-farmworkers within each year were compared using chi-
square tests or Fisher’s exact tests when appropriate. For both year 2012 and 2013, the
majority of the participants had DEDTP values below the LOQ. Therefore, DEDTP was not
considered in subsequent analyses. Next, for values above the LOQ, the creatinine adjusted
concentrations were summarized using geometric means and geometric standard deviations
and compared between farmworkers and non-farmworkers using general linear models
(GLM). Log transformations were used to achieve better approximation of normality and to
stabilize variance.

To evaluate the overall DAP exposures we imputed values below the LOQ for DEP, DETP,
DMP, DMTP, and DMDTP.#7 In 2013, only one participant had DEP value <LOQ and it was
simply replaced by the DEP LOQ. The values <LOQ for DEP in 2012 were imputed using
maximum likelihood estimates (MLE) obtained from 10 different bootstrap samples based
on univariate log-normal distributions. For the rest of the metabolites, the values <LOQ were
imputed using MLEs obtained from 10 different bootstrap samples based on bivariate log-
normal distributions. All imputations were performed separately for farmworkers and non-
farmworkers. The untransformed concentration (mg/L) of each metabolite (including both
imputed and observed values) was converted to its molar concentration
(DMP=concentration/0.126 mg/nmol; DMTP=concentration/0.142 mg/nmol;
DMDTP=concentration/0.158mg/nmol; DEP=concentration/0.154 mg/nmol;
DETP=concentration/0.170 mg/nmol). ZDAPs for each participant was calculated by
summing the 5 individual weights. General linear mixed effects models (LMM) were then
employed to evaluate the difference between farmworkers and non-farmworkers for the
imputed metabolite concentrations and ZDAPs on the log scale. The model included the
main effects for farmworker status and year as well as their interaction. The total number of
urinary samples and the creatinine measures at each year were included in the model as
time-varying covariates. Parameter estimates from the ten imputed datasets were combined
using SAS proc mianalyze procedure (Cary, NC) to obtain valid statistical inferences. Least
square means were reported. Results were back transformed to the original scale and the
standard errors were computed using Delta’s method. Similar analyses were conducted to
compare presence of detection, impute metabolites concentrations, and ZDAPS across
different occupations. All analyses were performed using SAS 9.4. A p value of less than
0.05 was considered statistically significant.
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For 2012, 203 farmworkers and 129 non-farmworkers, and for 2013, 112 farmworkers and
78 non-farmworkers provided a sufficient number of urine samples to be included in the
analysis (Table 1). Farmworkers were younger than non-farmworkers, with 35.5% of
farmworkers and 25.6% of non-farmworkers aged 30 to 34. More farmworkers (95.6%) than
non-farmworkers (69.8%) were married or living as married. Farmworkers had less formal
education than non-farmworkers, with 44.6% of farmworkers and 34.1% of non-
farmworkers having 6 or fewer years of education. All farmworkers, but 65.9% of non-
farmworkers were from Mexico, and Spanish was the dominant language of all but a few
participants. About half (50.4%) of non-farmworkers worked in construction or
maintenance, 18.6% worked in manufacturing, and 31.0% worked in other occupations.

DAP Detections and Concentrations for Farmworkers and Non-Farmworkers Compared

Detections of most of the DAP urinary metabolites were common for farmworkers and non-
farmworkers (Table 2). DMTP detections were extremely common: for 2012, 75.4% of
farmworkers and 67.4% of non-farmworkers had DMTP detections, while for 2013, 89.3%
of farmworkers and 89.7% of non-farmworkers had DMTP detections. For 2012, there were
significantly higher detections of DEP (p=0.0001) and DMP (p=0.026) in farmworkers
compared to non-farmworkers. DEP and DMP detections increased in both population in
with no significant group differences. DEDTP was the metabolite which was least often
detected, with 2 farmworkers and no non-farmworkers having detections in 2012, and 3
farmworkers and 5 non-farmworkers having detections in 2013.

The geometric mean concentrations for DMP among farmworkers were 11.39 ug/g
creatinine for 2012 and 4.49 ug/g creatinine for 2013, while they were 10.49 ug/g creatinine
for 2012 and 1.97 pg/g creatinine for 2013 for non-farmworkers (Table 3). The 2013
difference was significant (p=0.0021). The geometric mean concentrations for DEP among
farmworkers were 5.37 pug/g creatinine for 2012 and 4.20 ug/g creatinine for 2013, while
they were 3.88 pg/g creatinine for 2012 and 4.26 g/g creatinine for 2013 for non-
farmworkers. The 2012 difference between farmworkers and non-farmworkers in DEP
geometric mean was significant (p=0.0001). There were no differences in the geometric
means for the other metabolites. Mean concentrations that include imputed values for those
below the level of detection are presented in Tables 4. The findings parallel those found for
the geometric means values with DMP (p=0.0197) and DEP (p<.0001) being significantly
greater for farmworkers than non-farmworkers in 2012, and for DETP (p=0.0201) in 2013.
ZDAPs was greater from farmworkers than for non-farmworkers (p=0.0003) for 2012.

DAP Detections and Concentrations by Occupation

Farmworkers had a greater proportion of detections (55.2%) for DMP than did those
employed in construction (49.2%), manufacturing (41.7%), or other industries (32.5%)
(p=0.052) (Table 5). Farmworkers had a significantly greater proportion of detections
(67.0%) for DEP than did those employed in construction or maintenance (53.9%),
manufacturing (29.2%), or other industries (42.5%) (p=0.0002) for 2012. Otherwise,
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farmworkers did not differ significantly in the proportion of detections for the DAP
metabolites from those employed in other industries.

The concentration for DMP was greater for farmworkers compared to other workers
(p=0.0399) (Table 6). Concentrations for DEP were significantly greater for farmworkers
compared to construction or maintenance workers (p<.0039), manufacturing workers
(p=0.0080), and other workers (p=0.0008). ZDAPs was greater for farmworkers compared to
other workers (p=0.0088).

Discussion

A high proportion of the farmworker and non-farmworker Latino men who participated in
this study had detections of most of the DAP urinary pesticide metabolites. The creatinine
adjusted metabolite concentrations for these men were high; in every instance the geometric
means for farmworkers and non-farmworkers were greater than any reference group for any
year for which NHANES data have been reported.#8 Jain’s34 analysis of the 2003—2008
NHANES data reports that geometric means for men 20 years or older were 0.33 pg/L for
DMP, 1.66 ug/L for DMTP, 0.18 ug/L for DEP, and 0.28 pg/L for DEPT; these are levels far
below those found for farmworker and non-farmworker participants in this analysis.

With few exceptions, the farmworkers and non-farmworkers had similar levels of detection
and concentration for the DAP urinary metabolites. In those instances in which farmworker
and non-farmworker participants differed significantly, farmworkers always had a higher
proportion of DAP detections and greater concentrations. Male farmworkers and non-
farmworkers in the present study had similar DAP metabolite levels to those reported by
Runkle et al.28 for Florida female farmworkers and controls in 2011. The non-farmworkers
in both studies had similar levels of detections for the DAP metabolites as their farmworker
counterparts, and they had similar concentration levels. However, the NC participants had
higher levels of the total DAP metabolite levels than did the Florida participants. NC
participants also had more detections and higher concentrations of DEP and DMP and more
detections of DMDTP than Florida participants. Florida participants had higher
concentrations of DMTP and had more detections and higher concentrations of DEDTP than
did the NC participants.

Farmworkers in the current study generally had lower DAP metabolite concentrations in
comparison to agricultural workers in recent non-US studies.?%-33 For example, for samples
collected from Mexican floriculture workers in the 2004—2005 rainy season, Lacasafa et
al.2% found about the same percents of detection for each of the DAP metabolites compared
to the NC farmworkers who participated in this study; percent of detection of the metabolites
for samples collected by Lacasafa et al. during the dry season were substantially lower than
those found for the NC farmworkers. However, Lacasafia et al.2° report greater geometric
means for the DAP metabolites for the Mexican workers than those of the NC farmworkers.
The geometric mean DMP concentration for the Mexican workers during the rainy season
was 97.06 ug/g creatinine and during the dry season was 10.08 ug/g creatinine for DMP,
compared to 11.39 g/g creatinine (2012) and 4.49 ug/g creatinine (2013) for farmworkers
in this study, while those for DEP were 21.57 ug/g creatinine and 6.16 pg/g creatinine,

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Arcury et al.

Page 9

respectively, compared to 5.37 ug/g creatinine (2012) and 1.05 ug/g creatinine (2013) for
this study. Detections of the DAP metabolites for Japanese apple farmers ranged from 98%
for DMP during the winter, to 100% for the other DAP metabolites in the summer and
winter.31 Geometric mean DMP concentrations for these Japanese apple farmworkers were
33.1 pg/g creatinine in the summer and 10.8 pg/g creatinine in the winter, with DEP levels
being 4.2 pg/g creatinine in the summer and 4.7 pg/g creatinine in the winter. On the other
hand, Hanchenlaksh et al.33 found that the geometric mean for total urinary DAP
concentrations of Thai vegetable farmers was 51.1 pg/g creatinine and 122.2 ug/g creatinine
for fruit farmers, compared to 71.9 pg/g creatinine (2012) and 157.51 pg/g creatinine (2013)
for US farmworkers in the current study.

Non-farmworkers in the current study generally had similar or higher DAP metabolite
concentrations than non-agricultural comparison groups in studies conducted outside of the
US.30:31.49 For example, among Japanese food distribution workers included in Ueyama et
al.”s31 study, DAP detections ranged from 87% to 100%; the geometric mean for DMP 7.0
ug/g creatinine in the summer and 3.8 pg/g creatinine in the winter, with DEP levels being
0.8 pg/g creatinine in the summer and 1.5 pg/g creatinine in the winter. In a study of Israel
adults from the general population conducted in 2011, Berman et al.4° found that DMP was
detected for 99% of participants, DMTP for 100%, DMDTP for 73%, DEP for 98%, DETP
for 76%, and DEDTP was 44%; these detection levels are somewhat higher than those found
for the NC non-farmworkers in this analysis. However, concentrations for several of the
DAP metabolites for the Israel participants were lower than those for the NC non-
farmworkers. While the geometric mean concentrations for DMP (10.8 pg/g creatinine
versus 10.49 pg/g creatinine for 2012) and DMTP (6.4 ug /g creatinine versus 5.11 pg/g
creatinine for 2012) were similar, those for DMDTP (Israel 0.3 ug /g creatinine; NC non-
farmworker 3.03 g /g creatinine for 2012, 2.20 pg /g creatinine for 2013), DEP (Israel 1.5
ug /g creatinine; NC non-farmworker 3.88 ug /g creatinine for 2012, 4.26 g /g creatinine for
2013), and DETP (lIsrael 0.4 ug /g creatinine; NC non-farmworker 1.39 ug /g creatinine for
2012, 0.93 pg /g creatinine for 2013) were higher among the NC non-farmworkers. Berman
et al.*8 conclude that the OP concentrations were high for the Israel participants compared to
the general population in the US, Canada, and western European countries; if this is the
case, then the concentrations NC Latino non-farmworkers are also relatively high in
comparison to non-agricultural US, Canadian, and western European populations.

Farmworkers in NC continue to experience occupational exposure to OP pesticides. The
frequency of this OP pesticide exposure, as indicated by the frequencies of detection for
each of the 6 DAP metabolites, is similar to those found for farmworkers in 2007.27 As
important, Latino immigrants to NC, who are not employed in agriculture or other
occupations in which pesticide exposure would be expected (e.g., landscaping and lawn
maintenance), experience exposure to OP pesticides at frequencies and concentrations
comparable to Latino farmworkers. The sources of these non-agricultural exposures likely
include residues on food, environmental exposure (e.g., OP pesticides that remain from
earlier residential pest control applications), and occupational exposure (e.g., OP pesticides
on vegetables used in commercial food preparation; OP pesticides used on construction
sites).

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Arcury et al.

Page 10

The NC non-farmworkers and farmworkers do not differ significantly for several DAP
metabolites. Therefore, they are experiencing similar exposure to general OP pesticides.
Non-farmworkers and farmworkers differ most often for DEP and DMP metabolite
detections and concentrations. DEP is a metabolite of chlorpyrifos and DMP is a metabolite
of malathion;8 this finding is reasonable given that both of these OP pesticides continue to
be widely used in NC agriculture. Given that the non-farmworkers had relatively high levels
of many DAPs with detections and concentrations comparable to the farmworkers, non-
agricultural occupational exposure pathways, need to be researched. We did not find
exposure differences between the occupational categories of the non-farmworkers in this
study.

What these occupational similarities and differences say about OP exposure for farmworkers
and non-farmworkers is important. Ross and Ginevan®C argue that DAPs are useful measures
of OP exposure only for agricultural workers because the source and time of OP exposure
for agricultural workers is known, allowing an unambiguous estimation of exposure levels.
Past research in NC indicates that farmworkers are occupationally exposed to OP
pesticides,2”1 and the levels reported for farmworkers in this analysis are not substantially
different from levels reported for 2007. Given the similarities between farmworkers and non-
farmworkers DAP detections and concentrations, Ross and Ginevan’s® assertion is called
into question. If farmworker DAPs result largely from agricultural exposure pathways, as
well as dietary exposure, then we should accept that the DAP results for non-farmworkers
are resulting from occupational or environmental sources as well as dietary exposure. Latino
non-farmworkers do not consume that much more non-organic fruits and vegetables than do
farmworkers. Therefore, for the non-farmworkers, these results indicate that Latino
immigrants, whether farmworkers or not, have greater exposure to OP pesticides than does
the general populations.

The results of this analysis should be interpreted in light of the study’s limitations.
Participants in this study were limited to men from restricted areas of a single state.
Participants were not randomly selected. A substantial number of participants were lost over
the two years of the study. Metabolite detections and concentrations are based on composite
rather than individual urine samples. Detection of pesticide urinary metabolites is limited by
the current state of laboratory procedures. The analysis focused on a small set of pesticide
urinary metabolites, the DAPs, which reflect only a portion of the OP metabolites. However,
the sample size for this analysis is relatively large, and the laboratory procedures that were
used are the current state of the art.

Conclusions

Exposure to OP pesticides is common among Latino farmworkers and Latino non-
farmworkers in NC. The farmworkers had higher exposure measures for metabolites for two
common agricultural pesticides (chlorpyrifos and malathion). For all other DAPs, the
farmworkers and non-farmworkers had comparable measures of exposure. Although
agricultural application is the major farmworker exposure pathway to these OP insecticides,
- non-farmworker exposure pathways are unclear. All of the non-farmworker participants
live in the same city; many live in the same neighborhoods. Further research is needed to
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determine-pesticide exposure pathways among Latino non-farmworkers so that this disparity
can be eliminated. In particular, this research should examine occupational exposure
pathways in jobs not traditionally considered to be associated with pesticide exposure.
Research on reducing pesticide exposure among farmworkers remains important, as these
results do not indicate a reduction in exposure since data collected in 2007.27 Public
occupational and environmental health policy should be considered that reduces pesticide
exposure. These policies should address occupational exposures and exposure in all
vulnerable communities.

Acknowledgments

Funding was provided by grants from the National Institute of Environmental Health Sciences (R01-ES08739).

References

1. Roberts, JD.; Reighart, JR. Recognition and Management of Pesticide Poisonings. 6th. Washington,
DC: Office of Pesticide Programs, US Environmental Protection Agency; 2013.

2. Grube, A.; Donaldson, D.; Kiely, T.; Wu, L. Pesticide Industry Sales and Usage: 2006 and 2007
Market Estimates. Washington, DC: Office of Pesticide Programs, US Environmental Protection
Agency; 2011.

3. Hoppin JA, Umbach DM, London SJ, Henneberger PK, Kullman GJ, Coble J, Alavanja MC, Beane
Freeman LE, Sandler DP. Pesticide use and adult-onset asthma among male farmers in the
Agricultural Health Study. Eur Respir J. 2009 Dec; 34(6):1296-1303. [PubMed: 19541724]

4. Raanan R, Harley KG, Balmes JR, Bradman A, Lipsett M, Eskenazi B. Early-life exposure to
organophosphate pesticides and pediatric respiratory symptoms in the CHAMACOS cohort.
Environ Health Perspect. 2015 Feb; 123(2):179-185. [PubMed: 25369257]

5. Figueroa ZI, Young HA, Meeker JD, Martenies SE, Barr DB, Gray G, Perry MJ. Dialkyl phosphate
urinary metabolites and chromosomal abnormalities in human sperm. Environ Res. 2015 Nov;
143(Pt A):256-265. [PubMed: 26519831]

6. Melgarejo M, Mendiola J, Koch HM, Mofiino-Garcia M, Noguera-Velasco JA, Torres-Cantero AM.
Associations between urinary organophosphate pesticide metabolite levels and reproductive
parameters in men from an infertility clinic. Environ Res. 2015 Feb.137:292-298. [PubMed:
25601731]

7. Baltazar MT, Dinis-Oliveira RJ, de Lourdes Bastos M, Tsatsakis AM, Duarte JA, Carvalho F.
Pesticides exposure as etiological factors of Parkinson's disease and other neurodegenerative
diseases--a mechanistic approach. Toxicol Lett. 2014 Oct 15; 230(2):85-103. [PubMed: 24503016]

8. Lerro CC, Koutros S, Andreotti G, Friesen MC, Alavanja MC, Blair A, Hoppin JA, Sandler DP,
Lubin JH, Ma X, Zhang Y, Beane Freeman LE. Organophosphate insecticide use and cancer
incidence among spouses of pesticide applicators in the Agricultural Health Study. Occup Environ
Med. 2015 Oct; 72(10):736-744. [PubMed: 26150671]

9. Mufioz-Quezada MT, Lucero BA, Iglesias VP, Mufioz MP, Cornejo CA, Achu E, Baumert B,
Hanchey A, Concha C, Brito AM, Villalobos M. Chronic exposure to organophosphate (OP)
pesticides and neuropsychological functioning in farm workers: a review. Int J Occup Environ
Health. 2016 Jan; 22(1):68-79. Epub 2016 Apr 29. PubMed PMID: 27128815; PubMed Central
PMCID: PMC4894272. [PubMed: 27128815]

10. Paul KC, Sinsheimer JS, Rhodes SL, Cockburn M, Bronstein J, Ritz B. Organophosphate Pesticide
Exposures, Nitric Oxide Synthase Gene Variants, and Gene-Pesticide Interactions in a Case-
Control Study of Parkinson's Disease, California (USA). Environ Health Perspect. 2016 May;
124(5):570-577. [PubMed: 26383258]

11. Jones RR, Barone-Adesi F, Koutros S, Lerro CC, Blair A, Lubin J, Heltshe SL, Hoppin JA,
Alavanja MC, Beane Freeman LE. Incidence of solid tumours among pesticide applicators
exposed to the organophosphate insecticide diazinon in the Agricultural Health Study: an updated
analysis. Occup Environ Med. 2015 Jul; 72(7):496-503. [PubMed: 25907210]

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Arcury et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Page 12

Bouvier G, Blanchard O, Momas |, Seta N. Environmental and biological monitoring of exposure
to organophosphorus pesticides: application to occupationally and non-occupationally exposed
adult populations. J Expo Sci Environ Epidemiol. 2006 Sep; 16(5):417-426. [PubMed: 16519410]

Engel SM, Wetmur J, Chen J, Zhu C, Barr DB, Canfield RL, Wolff MS. Prenatal exposure to
organophosphates, paraoxonase 1, and cognitive development in childhood. Environ Health
Perspect. 2011 Aug; 119(8):1182-1188. [PubMed: 21507778]

Rauh V, Arunajadai S, Horton M, Perera F, Hoepner L, Barr DB, Whyatt R. Seven-year
neurodevelopmental scores and prenatal exposure to chlorpyrifos, a common agricultural pesticide.
Environ Health Perspect. 2011 Aug; 119(8):1196-1201. [PubMed: 21507777]

Alavanja MC, Sandler DP, McMaster SB, Zahm SH, McDonnell CJ, Lynch CF, Pennybacker M,
Rothman N, Dosemeci M, Bond AE, Blair A. The Agricultural Health Study. Environ Health
Perspect. 1996; 104(4):362-369. [PubMed: 8732939]

Carroll, DJ.; Samardick, R.; Gabbard, SB.; Hernandez, T. Findings from the National Agricultural
Workers Survey (NAWS) 2001-2002: A demographic and employment profile of United States
farm workers. Washington, DC: US Department of Labor, Office of the Assistant Secretary for
Policy, Office of Programmatic Policy; 2005. Research Report No. 9

Arcury TA, Quandt SA. Delivery of health services to migrant and seasonal farmworkers. Annu
Rev Public Health. 2007; 28:345-363. [PubMed: 17291182]

Villarejo D. The health of U.S. hired farm workers. Annu Rev Public Health. 2003; 24:175-193.
[PubMed: 12359914]

Villarejo D, McCurdy SA, Bade B, Samuels S, Lighthall D, Williams D 3rd. The health of
California's immigrant hired farmworkers. Am J Ind Med. 2010; 53:387-397. [PubMed:
20191600]

Arcury, TA.; Quandt, SA. The Health and Safety of Farmworkers in the Eastern United States: A
Need to Focus on Social Justice. In: Arcury, TA.; Quandt, SA., editors. Latino Farmworkers in the
Eastern United States: Health, Safety, and Justice. New York: Springer; 2009. p. 1-14.

Griffith W, Curl CL, Fenske RA, Lu CA, Vigoren EM, Faustman EM. Organophosphate pesticide
metabolite levels in pre-school children in an agricultural community: within- and between-child
variability in a longitudinal study. Environ Res. 2011 Aug; 111(6):751-756. Epub 2011 Jun 2.
PubMed PMID: 21636082; PubMed Central PMCID: PMC3726011. [PubMed: 21636082]

Curl CL, Fenske RA, Kissel JC, Shirai JH, Moate TF, Griffith W, Coronado G, Thompson B.
Evaluation of take-home organophosphorus pesticide exposure among agricultural workers and
their children. Environ Health Perspect. 2002 Dec; 110(12):A787-A792. PubMed PMID:
12460819; PubMed Central PMCID: PMC1241133. [PubMed: 12460819]

Coronado GD, Thompson B, Strong L, Griffith WC, Islas I. Agricultural task and exposure to
organophosphate pesticides among farmworkers. Environ Health Perspect. 2004 Feb; 112(2):142-
147. PubMed PMID: 14754567; PubMed Central PMCID: PMC1241822. [PubMed: 14754567]

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 Jul; 114(7):999-1006. PubMed PMID: 16835050; PubMed Central PMCID:
PMC1513343. [PubMed: 16835050]

Lambert WE, Lasarev M, Muniz J, Scherer J, Rothlein J, Santana J, McCauley L. Variation in
organophosphate pesticide metabolites in urine of children living in agricultural communities.
Environ Health Perspect. 2005 Apr; 113(4):504-508. [PubMed: 15811843]

Coronado GD, Holte S, Vigoren E, Griffith WC, Barr DB, Faustman E, Thompson B.
Organophosphate pesticide exposure and residential proximity to nearby fields: evidence for the
drift pathway. J Occup Environ Med. 2011 Aug; 53(8):884-891. [PubMed: 21775902]

Arcury TA, Grzywacz JG, Chen H, Vallejos QM, Galvan L, Whalley LE, Isom S, Barr DB, Quandt
SA. Variation across the agricultural season in organophosphorus pesticide urinary metabolite
levels for Latino farmworkers in eastern North Carolina: Project design and descriptive results.
American Journal of Industrial Medicine. 2009a; 52:539-550. [PubMed: 19517490]

Runkle JD, Tovar-Aguilar JA, Economos E, Flocks J, Williams B, Muniz JF, Semple M, McCauley
L. Pesticide risk perception and biomarkers of exposure in Florida female farmworkers. J Occup
Environ Med. 2013 Nov; 55(11):1286-1292. [PubMed: 24164757]

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Arcury et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 13

Lacasafia M, Lépez-Flores I, Rodriguez-Barranco M, Aguilar-Gardufio C, Blanco-Mufioz J, Pérez-
Méndez O, Gamboa R, Bassol S, Cebrian ME. Association between organophosphate pesticides
exposure and thyroid hormones in floriculture workers. Toxicol Appl Pharmacol. 2010 Feb 15;
243(1):19-26. [PubMed: 19914268]

Koureas M, Tsakalof A, Tzatzarakis M, Vakonaki E, Tsatsakis A, Hadjichristodoulou C.
Biomonitoring of organophosphate exposure of pesticide sprayers and comparison of exposure
levels with other population groups in Thessaly (Greece). Occup Environ Med. 2014 Feb; 71(2):
126-133. Epub 2013 Nov 1. PubMed PMID: 24186943. [PubMed: 24186943]

Ueyama J, Saito I, Kondo T, Taki T, Kimata A, Saito S, Ito Y, Murata K, Iwata T, Gotoh M,
Shibata E, Wakusawa S, Kamijima M. Urinary concentrations of organophosphorus insecticide
metabolites in Japanese workers. Chemosphere. 2012 Jun; 87(11):1403-1409. [PubMed:
22455950]

Panuwet P, Prapamontol T, Chantara S, Thavornyuthikarn P, Montesano MA, Whitehead RD Jr,
Barr DB. Concentrations of urinary pesticide metabolites in small-scale farmers in Chiang Mai
Province, Thailand. Sci Total Environ. 2008 Dec 15; 407(1):655-668. [PubMed: 18954893]

Hanchenlaksh C, Povey A, O'Brien S, de Vocht F. Urinary DAP metabolite levels in Thai farmers
and their families and exposure to pesticides from agricultural pesticide spraying. Occup Environ
Med. 2011 Aug; 68(8):625-627. Epub 2011 Mar 12. PubMed PMID: 21398679. [PubMed:
21398679]

Jain RB. Levels of dialkylphosphate metabolites in urine among general U.S. population. Environ
Toxicol Pharmacol. 2016 Feb 26.43:74-82. [Epub. [PubMed: 26970058]

McKelvey W, Jacobson JB, Kass D, Barr DB, Davis M, Calafat AM, Aldous KM. Population-
based biomonitoring of exposure to organophosphate and pyrethroid pesticides in New York City.
Environ Health Perspect. 2013 Nov-Dec;121(11-12):1349-1356. [PubMed: 24076605]

Holme F, Thompson B, Holte S, Vigoren EM, Espinoza N, Ulrich A, Griffith W, Faustman EM.
The role of diet in children's exposure to organophosphate pesticides. Environ Res. 2016 May.
147:133-140. [PubMed: 26870919]

Hu Y, Chiu YH, Hauser R, Chavarro J, Sun Q. Overall and class-specific scores of pesticide
residues from fruits and vegetables as a tool to rank intake of pesticide residues in United States: A
validation study. Environ Int. 2016 Apr 25.92-93:294-300.

Lu C, Adamkiewicz G, Attfield KR, Kapp M, Spengler JD, Tao L, Xie SH. Household pesticide
contamination from indoor pest control applications in urban low-income public housing
dwellings: a community-based participatory research. Environ Sci Technol. 2013 Feb 19; 47(4):
2018-2025. [PubMed: 23363037]

Stallones L. Suicide and potential occupational exposure to pesticides, Colorado 1990-1999. J
Agromedicine. 2006; 11(3-4):107-112. [PubMed: 19274902]

Engel SM, Bradman A, Wolff MS, Rauh VA, Harley KG, Yang JH, Hoepner LA, Barr DB, Yolton
K, Vedar MG, Xu Y, Hornung RW, Wetmur JG, Chen J, Holland NT, Perera FP, Whyatt RM,
Lanphear BP, Eskenazi B. Prenatal Organophosphorus Pesticide Exposure and Child
Neurodevelopment at 24 Months: An Analysis of Four Birth Cohorts. Environ Health Perspect.
2016 Jun; 124(6):822-830. Epub 2015 Sep 29. PubMed PMID: 26418669; PubMed Central
PMCID: PMC4892910. [PubMed: 26418669]

Harley KG, Engel SM, Vedar MG, Eskenazi B, Whyatt RM, Lanphear BP, Bradman A, Rauh VA,
Yolton K, Hornung RW, Wetmur JG, Chen J, Holland NT, Barr DB, Perera FP, Wolff MS. Prenatal
Exposure to Organophosphorous Pesticides and Fetal Growth: Pooled Results from Four
Longitudinal Birth Cohort Studies. Environ Health Perspect. 2016; 124:1084-1092. [PubMed:
26685281]

Reiss R, Chang ET, Richardson RJ, Goodman M. A review of epidemiologic studies of low-level
exposures to organophosphorus insecticides in non-occupational populations. Crit Rev Toxicol.
2015; 45(7):531-641. Review. PubMed PMID: 26153436. [PubMed: 26153436]

Rauh VA, Perera FP, Horton MK, Whyatt RM, Bansal R, Hao X, Liu J, Barr DB, Slotkin TA,
Peterson BS. Brain anomalies in children exposed prenatally to a common organophosphate
pesticide. Proc Natl Acad Sci U S A. 2012 May 15; 109(20):7871-7876. [PubMed: 22547821]
Arcury TA, Nguyen HT, Summers P, Talton JW, Holbrook LC, Walker FO, Chen H, Howard TD,
Galvan L, Quandt SA. Lifetime and current pesticide exposure among Latino farmworkers in

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Arcury et al.

45.

46.

47.

48.

49.

50.

51.

Page 14

comparison to other Latino immigrants. Am J Ind Med. 2014a Jul; 57(7):776-787. [PubMed:
24737498]

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture
(REDCap) — a metadata-driven methodology and workflow process for providing translational
research informatics support. J Biomed Inform. 2009; 42:377-381. [PubMed: 18929686]

Prapamontol T, Sutan K, Laoyang S, Hongsibsong S, Lee G, Yano Y, Hunter RE, Ryan PB, Barr
DB, Panuwet P. Cross validation of gas chromatography-flame photometric detection and gas
chromatography-mass spectrometry methods for measuring dialkylphosphate metabolites of
organophosphate pesticides in human urine. Int J Hyg Environ Health. 2014; 217(4-5):554-566.
[PubMed: 24280209]

Chen H, Quandt SA, Grzywacz JG, Arcury TA. A distribution-based multiple imputation method
for handling longitudinal left-censored data. Environ Health Perspect. 2011; 119:351-356.
[PubMed: 21097385]

Centers for Disease Control and Prevention (CDC). [accessed 04/26/2016] Fourth National Report
on Human Exposure to Environmental Chemicals, with Updated tables, February 2015. [online]
Available at URL: http://www.cdc.gov/exposurereport/index.html

Berman T, Goldsmith R, Géen T, Spungen J, Novack L, Levine H, Amitai Y, Shohat T, Grotto I.
Urinary concentrations of organophosphate pesticide metabolites in adults in Israel: demographic
and dietary predictors. Environ Int. 2013 Oct.60:183-189. [PubMed: 24064379]

Ross JH, Ginevan ME. Biomonitoring of exposure to organophosphate pesticides in New York
City. Environ Health Perspect. 2014 Jul.122(7):A178.

Arcury TA, Grzywacz JG, Isom S, Vallejos QM, Galvan L, Whalley LE, Barr DB, Quandt SA.
Seasonal variation in the measurement of urinary pesticide metabolites among Latino farmworkers
in eastern North Carolina. International Journal of Occupational and Environmental Health. 2009;
15:339-350. [PubMed: 19886344]

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.


http://www.cdc.gov/exposurereport/index.html

Page 15

Arcury et al.

Author Manuscript

‘pakojdwiaun pue ‘O1ueydIBW ‘IBALIP XINJ} ‘Sajes ‘Jueineisal pue uolesedaid pooy apnjoul suonednddo Jayio

p)

SUOITeAIBSGO BUISSIN
*

0Te oy 18y10

9'8T 24 Buimoenuey

7'0S 59 30UBUBIUIBW JO UORINIISUOD

00T €0¢ YoM e
a|qeorjdde 10N uonednaoo
WweollubISION 266 82T 5'86 00z  9fenbueT jueulwoq — ysiueds
- 0 1'66 €67 BSIA 9¢-H 10 V¢-H
algeonddeloN 659 68 00T €02 YuIg J0 A1Unod — 001X

8'1¢ 1474 7’8 LT s1eak ai0w 4o ZT

% 124 oLy S6 SIeak 7T 01 £

Tve v 9y 06 sieak 9 0} 0
1000°0> 4 uoneanp3
T000°0> 869 06  9G6 V6T paiLiew se BuAll/paLLEI

8'8¢ 0§ 9'92 ¥S 13p|0 pue s1eak G

L'Ge 9 6'L€ LL sIeak yi7 01 G§

9'GC €¢ g'Gg cL sIeak y€ 01 0E
Zv0°0 aby

% u % u
6c1=U
S 9 JoMW Jey €0z=u

anfen-d -UoN S 93 Jomul Je4 solIs1e10e ey Juedpilied

'2T02 198l01d $3DVvd sonsusioereyd uedionied suljsseq

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



Page 16

Arcury et al.

Author Manuscript

-- ¥'9 S L'C € d1d3a
100 8'0¢ 144 8'ey (514 d13a
-- 186 L 0°00T 4% d3a
980 Tee 8T L'le T€ d1dna
260 1’68 0L £'68 00T dlNQ
6.0 S'0L qg €cL 18 dNd

8/=N ¢TT=N

€70¢

-- 00 0 0T 4 d1d3a
920 €ee 54 ¥'6€ 08 d13a
T000°0 LSy 65 029 9€T d3a
850 §'¢e 6¢ 14 TS d1dna
fANI] ¥'.9 18 'L €GT dlNd
9200 9¢y qg 'SS 4% dNd

6C¢1=N €0¢=N

¢T0¢
% u % u

001> 001>

ssujoqer N
anfea-d
e mmv_._%%_,/_rc ey S 195} JOMW T Areurn areydsoyd|Axeiq
suonoeled

"©T0Z PUB ZT0Z ‘SIaxJ0MLLIB4-UON PpUB SIaxJ0MLWIeH 10} SUoI1931aQ alljogelsin Aleun sreydsoyd|reia

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



Page 17

Arcury et al.

*SUOI10318P JO JaquINU ||BwWS 8y 01 8NP PaJe|N[ed 80 10U PIN0D SUBSLW J1IIBLLIOSD)
«

- * * * * d1d3d
LS50 [4%4 €60 SeC 50T d13a
- e 9 85°C 0y d3a
€10 €9¢C 0ze 4% e'T d1ldana
980 18°€ 19¢€ er'e 6€'€ dlNG
¢000  8V'S L6'T 88'¢ 6v'v diNg
8/=N ¢TT=N
€10¢
* * * * d1d3a
¥S°0 e 6T €ee €57 d13a
120 ST'e 88'¢ (01594 LE'S d3a
0€0 vZ'e €0'¢ 8T'¢ 62'¢C d1ldana
(0)40] eTy TS S'e v dlNd
¥9°0 §s'e 67°0T 65°C 6ETT diNg
6¢T=N €02=N
¢10¢
ues N ues N
ES 2111PW099 ES 2111PW0oD
i Soljoger N
anpea-d mmv_.ﬁ%zE 4 S Joy Jomw Je Areurinareydsoyd|Ayrelq

SUOITe 1JUBJL0D)

‘€T0Z PUR ZT0Z ‘SIoxy0MLLIB4-UON pue Siaxiomuwie Jo) (suluneald B/6r)suonejussuod aujogeisin Areutin aleydsoydAjelq

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



Page 18

Arcury et al.

"9[e2s [eulB1I0 By} 0} PAWIOJSUEI) YIBq 8I9M SHNSI
11V "s1eserep paindwi Ajdijnw QT U0 paseq aJam sasAjeue ||\ “duluileald Areurin pue ‘sajdwes AJeulin Jo Jaquinu [e10] ay} ‘uonoriaiul Jeak Aq JexJomure) ‘Jeak ‘snjeis JaxJoMULIR) papnjoul [9pow ay |

81€L'0 020 10T L2T1¢ €8T 8¥0C  T9°LST sdvaz
10200 22T z8¢ 100 €00 200 800 d13a
L¥¥9°0 €0 ST'T a 819 SG'T 80, d3d
G9990 S€T 67’1 100 100 100 100 d1dna
L0080  T€O 80T 180 §8'¢ €80 1494 dlNQ
0L6¥'0 S¥0 12T 92’0 €T S€°0 95T diNd
8/=N Z1T=N
€102
€0000 820 9L'T s 18°0v 6LL L6'TL sdvaz
¢L0S0 TS0 0e'T 100 ¥0'0 100 900 d13a
T000>  LET 687 S0°0 020 LT0 160 d3a
6690 9¥'T 8’1l 67000 82000 /2000 Z¥00°0 d1ldna
86600 6£0 ¢S8'T ¥Z0 0Tt 820 89T dlNQ
161700 160 [A&4 170 €0 810 180 dINd
62T=N €02=N
2102
ES) ues N ES ues N ES ues |\
} sejoqe N Areuin
anpea-d SJ@3Jomw JeH areydsoyd|Areiq
-UON 01 pasedwo)  SeMJoMmw fe)-uoN  SJoyJomuwi e
S Joy| Jomuwl feq

"€T0Z PUe ZTOZ ‘SlIaxJomuwle--UON pue siaxJomuwie 10} (7/jowrl) siybispa Jejoy aujoqelsin Areulin areydsoyd|Ajeig

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



Page 19

Arcury et al.

vZ0  0GC L 6'8¢ L €T1e 0T 8'ey 6t LE0 09C 0t £ee 8 §'8¢e °14 7’6 08 d13a
0'00T 8¢ 0'00T 8T 6'96 1€ 0'00T 44" 20000 SZ¥ LT (414 L 6'€S 13 029 9T d3a
680 V'1C 9 (44 14 0's¢ 8 L'1e 1€ ¥7’0  00¢ 8 *y4) € L'12 8T T'se 18 d1ldna
280 LS8 144 ¥'v6 LT 9'06 62 £'68 00T 90 G279 o4 8'0L LT 2'69 St ¥'SL €51 dlNQ
180 €19 8T 2L €1 0's. 144 €7cL 18 2800 §¢Ce €T LTy 0T 44 43 2'SS [4%% diNd
anfen anfeA
d % ao<u % daolu % dOT<u % ao<u d % dOo<u % Q4O % dOIu % dOoT<u
SO IO EECN RN
S oY IO soueudIUR S IO aoueWRIUER N
SIYIOM Y0  Bulinpejnuely  /uoldNISU0D S Joy| JIomuw fe SJOYIOM Y0  Bulinoejnuely  /UOIONJIISUOD  SJeYJomul fe4 sdva

€10¢

[410/4

Author Manuscript

"€£T0Z pue 2T0Z ‘uoiednadQ Ag suonosleq sNjogqeIsiNl Ateutin (dwa) sleydsoydielq
G a|qel

Author Manuscript

Author Manuscript

Author Manuscript

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



Page 20

Arcury et al.

*3]eas o] UO aJam S)nsal

11V "s1aserep painduwi Aldnjnw QT Uo paseq a1am sasAfeue |y "auluIeald Areurin pue ‘sajduies A1eurin Jo Jaquinu [e10} 8y} ‘UONJeISIUI Jeak Ag JaXJ0MULIRY ‘1eak ‘SNIelS Jo3JoMULIR) PapN[oul [3pow 8y |

88000 f4A4l] 850 18620 120 820 €98€°0 6T°0 LT0 sdvax
9€80°0 690 T TPEE0 190 %90 98€5°0 870 0g0 dl3a
80000 0g0 20T 08000 9¢'0 96°0 6€00°0 920 S0 d3a
8799'0 0T'T 8’0 96€€°0 127 w1 80960 86'0 S0°0 dlana
ST 0 9g°0 €50 €0v6°0 f440] €00 80€9°0 0g0 ST0 d1lNd
66€0°0 750 4% T9.¥°0 690 670 21850 L¥'0 92’0 diNd
} Jo413 ) J0413 } 10413

anpen-d pRepURIS arewlsy anpea-d pRepUeIS arewlsy anpea-d P IEpURIS arewls3

S JIOM BYIO sJ@yJo Bulinioeinue S oY JOM sdva

0UeUUIE A/UOIDNIISU0D

01 po.redwo) s o3 Jomu e

"©T0Z PUR ZT0Z SS0Jae pabeiany ‘uonedndd0 Yyim sdy@x pue suoleiuaauo) aijoges|N Areulin (dva) sreydsoyd)jAe1qg 40 uoneioossy

Author Manuscript

9 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Occup Environ Med. Author manuscript; available in PMC 2017 November 01.



	Abstract
	Introduction
	Methods
	Participants
	Data Collection
	Laboratory Analysis
	Measures
	Analysis

	Results
	Participants
	DAP Detections and Concentrations for Farmworkers and Non-Farmworkers Compared
	DAP Detections and Concentrations by Occupation

	Discussion
	Conclusions

	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

