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Abstract

Context: Organophosphorus insecticides (OPs) have been used to control agricultural pests found 

in Washington state. Farmworkers (FW) have higher exposure to OP pesticides than non-

farmworkers (NFW), and FW children may in turn have higher exposure than NFW children.

Objective: To examine the association between the concentration in house dust of five OPs used 

commonly in pome fruit orchards and the concentration in urine of dialkylphosphate metabolites 

(DAP), in a cohort of Hispanic FW and NFW and their children.

Methods: Parents and children participated in three data collection periods over the course of one 

year. Urine samples were evaluated for the DAPs characteristic of OP exposure, and dust from 

homes and vehicles was evaluated for intact OP residues.

Results: Geometric mean (GM) concentrations of OPs in house and vehicle dust were higher in 

FW households than NFW households in all agricultural seasons. GM concentration of urinary 

DAPs was higher for children in FW households than NFW households.

Discussion: Regression analysis found a positive association between OP residues in house dust 

and the children’s urinary DAPs.
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Conclusions: To our knowledge this study is the first to report an association between pesticides 

in house dust and their biological metabolites in urine.

INTRODUCTION

The University of Washington’s Center for Child Environmental Health Risks Research 

(CHC) has followed a community-based participatory research strategy in the lower Yakima 

Valley (Valley) of Washington state since 1999, in order to assess and reduce pesticide 

exposure among children of local farmworkers, most of whom are of Hispanic origin [1], 

[2]. CHC’s previous studies indicated that young children were exposed to pesticides 

through a take-home pathway and that farmworkers (FW) who worked in pome fruit crops, 

as well as their children, were more heavily exposed to pesticides than farmworkers working 

in non-pome crops [3], [4]. In response to that work, the Community Advisory Board (CAB) 

recommended a new project examining potential seasonal differences in exposure pathways 

important for children of agricultural workers compared to children of non-agricultural 

workers. Details on CAB members have been described elsewhere [5]. The CAB wanted to 

know if FW and their children had higher levels of OP exposure than nonfarmworkers 

(NFW) and their children living in the same communities. To do this, CHC and the CAB 

designed a cohort study to be conducted in the Valley [6], [7]. This longitudinal study, which 

took place between April 2005 and February 2006, collected samples of house dust, vehicle 

dust, urine, saliva, and blood from FW and NFW families at three points during the 

agricultural season.

Agricultural pesticides can cause a range of adverse effects on human health, and OPs 

carried in house dust can be a source of exposure to the inhabitants. Young children are 

exposed to OPs primarily in their homes, daycare settings, and schools, since they spend the 

majority of their day indoors [8]. Intact OPs can remain stable indoors for periods of time 

lasting from months to years [9]. Thus children can be exposed to pesticides through the 

take-home pathway, as the OP residues carried on parental clothing, shoes, skin, and hair to 

vehicles and homes are transferred to house dust. Because the developmental effects of OPs 

on young children have not been well characterized, it is important to investigate potential 

exposures in their homes.

The setting has been described elsewhere [1]. Briefly, the Valley covers both Yakima and 

Benton counties and includes not only the City of Yakima, but also manysmaller 

communities whose economies are centered around agricultural production. The Valley 

leads the state of Washington in apple production [10].

Organophosphate insecticides (OPs) have been applied seasonally to apple and pear (pome 

fruit) orchards in the Valley and elsewhere in Washington state in order to control damaging 

insects such as Cydia pomenella, the codling moth [11], [12]. In 2005, approved agricultural 

uses led to the application in the Valley of approximately 86 metric tons of azinphos-methyl 

(AZM; trade name Guthion; Chemical Abstracts Service (CAS) No. 86–50-0), 66 metric 

tons of chlorpyrifos (CP; trade name Dursban; CAS No. 2921–88-2), 39 metric tons of 

phosmet (PH; trade name Imidan; CAS No. 732–11-6), 5 metric tons of malathion (ML; 

CAS No. 121–75-5), and 1 metric ton of diazinon (DZ; CAS No. 333–41-5) [13], [14].
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In this paper we examine the association between the concentration in house dust of five of 

the Valley’s most commonly used OPs and the concentration in urine of dialkylphosphate 

metabolites (DAP) from our cohort. We tested the hypothesis that adults and children living 

in homes with higher concentrations of OPs in house dust would have higher urinary 

metabolite concentrations of OPs, and that this relationship would differ significantly by 

occupation, agricultural season, and life stage.

METHODS

All study materials and sample collection protocols were reviewed and approved by the 

Human Subjects Division of the University of Washington and the Institutional Review 

Board of the Fred Hutchison Cancer Research Center of Seattle, Washington (File #5946). 

Informed consent was received from all participants. The CAB recruited 100 FW adults and 

100 NFW adults, all of Hispanic origin and all with a referent child between the ages of 2 

and 6 years living in the household at time of recruitment. Most of the agricultural work in 

the Valley is done by FW of Hispanic origin. Approximately 36% of Yakima County’s 

population was of Hispanic origin in 2000, and by 2010 that figure had risen to 45% [15], 

[16].

FW adults worked in pome fruit orchards in positions that included thinning, pruning, and 

harvesting, but not pesticide handling, while NFW adults worked in occupational settings 

such as schools, stores, daycare facilities, dairies, or factories. The same individuals were 

followed longitudinally across all three agricultural seasons. An expanded description of the 

demographic characteristics of the two cohorts can be found elsewhere [6].

CHC and the CAB designed a study protocol to assess urinary metabolites of OPs in 

Hispanic adults and children of FW and NFW families, as well as concentrations of OPs in 

house and vehicle dust. Adults and children participated in three data collection periods over 

the course of a year, which coincided with the three agricultural seasons typical of pome 

fruit cultivation. The first collection period (April through July 2005) coincided with the 

thinning season, when branches are pruned and buds are removed from the trees by hand to 

improve fruit development. The second collection period (August through October 2005) 

coincided with harvest season, when the fruit is picked. The third collection period 

(December 2005 through February 2006) coincided with the non-spray season, when the 

trees are dormant. Because pruning and thinning are tasks that bring farmworkers into direct 

contact with treated foliage, the thinning season is thought to coincide with the highest 

exposure to OPs.

Three independent first-morning urine voids, each separated by two days, were collected 

from each participant in each of the three agricultural seasons. Each sample was analyzed 

separately. Sampling protocols were based on standard procedures developed at the 

University of Washington which have been described elsewhere [17], [18]. Urine analysis 

was performed at the Centers for Disease Control and Prevention’s laboratory in Atlanta, 

Georgia using lyophilization with gas chromatography-mass spectrometry and isotope 

dilution quantification [19].

Tamaro et al. Page 3

Biomarkers. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Urine was analyzed for the six DAP compounds that are produced by metabolism of most 

OPs [20]. Dimethyl OPs are metabolized into one or more of three non-specific compounds: 

dimethylphosphate (DMP), dimethylthiophosphate (DMTP), and dimethyldithiophosphate 

(DMDTP). Diethyl OPs are also metabolized into one or more of three non-specific 

compounds: diethylphosphate (DEP), diethylthiophosphate (DETP), and 

diethyldithiophosphate (DEDTP). The OPs analyzed in this report are metabolized into five 

different DAPs: DMP, DMTP, DMDTP, DEP, and DETP.

The laboratory limits of detection (LOD) for the six urinary DAPs were DMP (0.6 ng/mL), 

DMTP (0.2 ng/mL), DMDTP (0.01 ng/mL), DEP (0.2 ng/mL), DETP (0.01 ng/mL), and 

DEDTP (0.01 ng/mL). AZM, PH, and ML (dimethyl OPs) are all metabolized into DMP, 

DMTP, and DMDTP. CP and DZ (diethyl OPs) are metabolized into DEP and DETP but not 

DEDTP; therefore DEDTP results are not included in this analysis.

House dust samples were collected from the residences of the farmworkers and non-

farmworkers with a Nilfisk vacuum cleaner. In each season, dust samples were collected on 

the same day that the household members provided their third urine samples. The residences 

were vacuumed once during each of the three collection periods described above and the 

vehicles were vacuumed once during each of the collection periods of thinning and non-

spray seasons. Procedures for house dust sampling were developed by the University of 

Washington and have been described elsewhere [6], [18], [21]. Briefly, areas were vacuumed 

in a standardized manner. In the homes, vacuuming was done over the area where, according 

to the parent, “the child played most frequently.” In the household vehicles, the front 

footwell (and rear footwell, if present) were vacuumed thoroughly. Dust samples were 

analyzed at the University of Washington’s Environmental Health Laboratory and Trace 

Organics Analysis Center for residues of sixteen OPs, following the procedures described by 

Smith et al. [22]. The five OPs detected in the highest concentrations and their laboratory 

LODs were AZM (10.0 ng/g), ML (0.4 ng/g), PH (0.4 ng/g), CP (4.0 ng/g), and DZ (0.4 

ng/g) [22]. The LODs were based on the analysis of one gram of dust; however in some 

cases less than one gram of dust was available, resulting in some LOD variability with 

smaller samples exhibiting a higher LOD.

Statistical Methods

We characterized OP concentrations in dust using a multivariate Normal distribution model 

with values below the LOD treated as censored values. An expanded description of the 

analytical techniques can be found elsewhere [22], [23]. Briefly, we estimated the GM molar 

concentration of each OP population, geometric standard deviation, and standard error. 

Separate multivariate Normal distributions were estimated for each season, and for FW and 

NFW households. Because of the large number of dust samples below the LOD we 

estimated distributions of the model parameters using a Bayesian Markov chain Monte Carlo 

method known as Gibbs sampling [23]. These model simulations were used for all 

subsequent analyses of dust.
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Dust Samples

The molar concentration (nmol/g) of each OP was calculated by dividing the concentration 

in nanograms per gram by its associated molecular weight in grams per mole. Total 

concentrations of dimethyl OPs and diethyl OPs were calculated by combining the 

concentrations of the individual samples. The dimethyl OPs and diethyl OPs were then 

combined, resulting in total dialkyl OPs by season. We included only those home dust 

samples for which at least one member of the household had given at least one urine sample.

Urine Samples

Molar concentrations (nmol/mL) of DAPs were calculated by dividing the concentration of 

each urinary metabolite sample in nanograms per milliliter by its associated molecular 

weight in grams per mole. We included only those urine samples for which a house dust 

sample from the corresponding home had been analyzed. Results were not adjusted for 

urinary creatinine concentration [24], [25].

For each of the five DAPs we calculated the geometric mean (GM) of the molar 

concentrations (nmol/mL) of each participant’s three urine samples within five days within 

an agricultural season. We summed the GM concentrations of each participant’s DMP, 

DMTP, and DMDTP results to determine total dimethyl alkylphosphate metabolites 

(DMAP), and similarly summed DEP and DETP to determine total DEP+DETP (DEP

+DETP). We then summed the total GM concentrations of DMAP, DEP, and DETP (DMAP

+DEP+DETP) to obtain total urinary DAPs.

The data were log-transformed to analyze the concentration of intact OPs in house and 

vehicle dust and OP metabolites in urine. We report GM concentrations with 95% 

confidence intervals. Regression and correlation analyses were utilized to examine the 

relationship between OPs in dust, urinary OP metabolites, and parental occupation. 

Significance was determined based on the p-value being less than 0.05.

The Gibbs sampling was performed using the WinBUGS 1.4.3 software program available at 

www.mrc-bsu.cam.ac.uk/bugs [26], while “R” statistical software was utilized for all other 

statistical analyses [27].

RESULTS

We analyzed house dust, vehicle dust, and urinary metabolites from 198 unique households. 

Of those 198 households, 119 households contributed urine and house dust samples for all 

three agricultural seasons, 62 households contributed samples for two seasons, and 17 

households contributed samples for one season (Figure 1). The collected samples of house 

dust (n=498) and vehicle dust (n=270) were analyzed for sixteen OPs. The house dust 

samples were collected in thinning (n=171), harvest (n=170) and non-spray (n=157) seasons, 

while the vehicle dust samples were collected in thinning (n=150) and non-spray (n=120) 

seasons. The collected samples of urine were analyzed for six DAPs. The urine samples 

were collected in thinning (171 adults plus 170 children), harvest (170 adults plus 170 

children), and non-spray (157 adults plus 156 children). Details of the detection rates and 

concentrations of OP residues in house and vehicle dust and OP metabolites in urine are 
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shown in the Supplementary Material, indicating that there were occupational as well as 

seasonal trends in OPs found in house dust, vehicle dust, and urine.

House Dust

As reported previously by CHC [22], the five OPs detected in the house dust with the 

greatest frequency and in the highest concentrations were AZM, ML, PH, CP, and DZ 

(Figure 2). AZM exhibited the highest rate of detection and the highest GM concentration of 

any OP. Nine-fold more AZM was detected in FW than NFW house dust samples collected 

in thinning season (p<0.001). Dust samples from FW households contained almost four-fold 

more AZM in thinning season than in nonspray season (p<0.001), reflecting seasonal OP 

application patterns.

CP exhibited the lowest rate of detection of the five OPs. Although CP was detected in 

comparatively low GM concentrations overall, FW house dust contained eight-fold more CP 

than NFW house dust in thinning season (p<0.001) and five-fold more in non-spray season 

(p<0.001). The GM concentration of CP fluctuated seasonally in FW but not NFW house 

dust samples.

Vehicle Dust

Similar to the house dust, the five OPs detected most frequently and in the highest 

concentrations in vehicle dust samples were AZM, ML, PH, CP, and DZ (Figure 2). In 

thinning season the most frequently detected OPs were AZM and PH, identified in 99% and 

98%, respectively, of the dust samples taken from FW vehicles. The most frequently 

detected OP in non-spray season, CP, was identified in 65% of the FW vehicle dust samples.

AZM was detected in the highest GM concentration in vehicle dust samples. Sixteenfold 

more AZM was detected in FW than NFW samples from thinning season (p<0.001). A 

comparison of seasonal variation found that vehicle dust from FW households contained 

over fifty-fold more AZM in thinning season than in non-spray season (p<0.001) while 

NFW vehicle dust contained over twenty-fold more AZM in thinning than non-spray season 

(p<0.001).

Urine Samples

In the child urine samples, DMAP was detected in significantly higher GM concentrations 

than DEP+DETP (Figure 3). FW child urine showed eight-fold higher molar concentration 

of DMAP than DEP+DETP in thinning season and twenty-twofold higher DMAP than DEP

+DETP in harvest season. FW children showed a twofold higher concentration of DMAP 

than NFW children in thinning season (p<0.001).

Among the individual DAPs, DMTP was detected in the highest GM concentration in child 

urine in all three seasons. DMTP also showed the highest frequency of detection in child 

urine. In both thinning and harvest seasons, 100% of the children showed DMTP in at least 

one of their urine samples, while in non-spray season, 100% of FW children and 99% of 

NFW children showed DMTP in at least one sample. DEP and DETP were detected in the 

lowest GM concentrations and with the lowest frequency of detection in child urine.
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In the adult urine samples, DMAP was detected in significantly higher GM concentrations 

than DEP+DETP, in all three agricultural seasons (Figure 3). FW adult urine showed a 

twenty-five-fold higher concentration of DMAP than DEP+DETP in thinning season, over 

forty-eight-fold higher DMAP in harvest season, and six-fold higher DMAP in non-spray 

season. The GM concentration of DMAP was eight-fold higher in FW than NFW adults in 

thinning season (p<0.001).

DMTP was detected in the highest GM concentration among the individual DAPs in adult 

urine samples in all three seasons. DMTP also showed the highest frequency of detection: 

100% of adults had DMTP in at least one urine sample in each season. DETP showed the 

lowest rate of detection of the five OPs analyzed, in both FW and NFW adults, in all three 

seasons.

Regression Analysis of Urine DMAP+DEP+DETP vs. House Dust OP Residues

Regression analysis on log-transformed values was conducted to evaluate the relationship 

between the measured biologic levels of urinary OP metabolites in the study participants and 

the concentration of OP pesticide residues in household dust. Separate models were 

developed for the adults and the children, and for dimethyl and diethyl OPs. Initially a 

simple regression model of urine DMAP+DEP+DETP vs. residues of AZM, ML, PH, CP, 

and DZ in house dust was generated (Figure 4). This model indicated that, for the children, a 

significant relationship existed in thinning season (p<0.001) and harvest season (p<0.05). 

The independent categorical variable of parental occupation was then added to the 

regression model in order to examine whether an interaction existed between parental 

occupation and the concentration of OPs in house dust. Results indicated that, for the 

children, there was not an interaction between parental occupation and OPs in house dust in 

any season.

We observed a significant positive relationship between adult urinary DMAP+DEP+DETP 

vs. residues of AZM, ML, PH, CP, and DZ in thinning (p<0.001) and harvest (p<0.001) 

seasons. An interaction between occupation and OP residues in house dust existed in 

thinning (p<0.001) and harvest (p<0.001) seasons.

We then restricted the regression model to dimethyl OPs, and found that a significant 

positive correlation existed between child DMAP and dimethyl OP house dust residues 

during thinning (p<0.001, r2=0.13) and harvest (p<0.05, r2=0.02) seasons. We also found 

that an interaction existed between parental occupation and GM concentration of dimethyl 

OPs in house dust in harvest season (p<0.05).

Urine DMAP concentration differed significantly between FW and NFW children in 

thinning (p<0.001) and harvest (p<0.05) seasons (Figures 3a, 3b, and 3c).

Results for the adults were similar to those of the children. A significant positive relationship 

between adult DMAP and dimethyl OP house dust residues was observed during thinning 

(p<0.001, r2=0.40) and harvest (p<0.001, r2 = 0.04) seasons, and an interaction existed 

between occupation and dimethyl OPs in house dust in thinning (p<0.001) and harvest 

(p<0.001) seasons. DMAP concentration in the two occupational groups differed 
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significantly from one another in thinning (p<0.001) and harvest (p<0.001) seasons (Figures 

3d, 3e, and 3f.)

Diethyl OPs were used less frequently than dimethyl OPs during the agricultural seasons 

when urine and dust samples were collected [28], [29]. A regression model restricted to 

diethyl OPs (Figure 5) found a significant positive relationship existed between diethyl OP 

residues in house dust and DEP+DETP in child urine during thinning (p<0.05, r2=0.02) and 

harvest (p<0.05, r2=0.02) seasons. An interaction between parental occupation and GM 

concentration of diethyl OPs in house dust was observed in non-spray season (p<0.05). 

Urine DEP+DETP concentration differed significantly between FW and NFW children in 

harvest (p<0.001) and nonspray (p<0.05) seasons (Figures 4a, 4b, and 4c).

A significant positive relationship between adult DEP+DETP and diethyl OP residues in 

house dust was observed during thinning (p<0.001, r2=0.07) and non-spray (p<0.05, r2 = 

0.03) seasons. When occupation was added to the regression model as an independent 

categorical variable, results indicated that occupation was a significant factor affecting 

adults’ urinary DEP+DETP in non-spray season (p<0.001). The DEP+DETP concentration 

in the two occupational groups (FW adults vs. NFW adults) differed significantly from one 

another in harvest (p<0.05) and non-spray (p<0.001) seasons (Figures 4d, 4e, and 4f).

DISCUSSION

In this paper we evaluated the association between intact OP residues in the household dust 

of families of Hispanic farmworkers and non-farmworkers living in agricultural 

communities in the Valley, and urinary metabolites of those pesticides. Our data demonstrate 

that a positive correlation exists between the concentrations of adult urinary DMAP+DEP

+DETP vs. OP residues in house dust in thinning season, when OPs are being applied 

regularly, and also during harvest season, when OPs are applied sporadically, but not during 

non-spray season. Children exhibit the same pattern of a positive correlation between child 

DMAP+DEP+DETP and intact OP residues in house dust during thinning and harvest 

seasons, but not in non-spray season. The detection of DAPs in urine indicates recent OP 

exposures, since OPs are metabolized within 24–48 hours [30]–[33]. The FW adults would 

have been exposed in the course of their ordinary occupational duties, but the presence of 

urinary DAPs in NFW adults and in children indicates exposure from nonoccupational 

sources.

Children are more susceptible to the health effects of pesticide exposures than are adults, 

due to their rapid growth and development [34], and exposure in early childhood may lead to 

adverse health outcomes in later childhood and adulthood [35]. The existence of the take-

home pathway [1], [6], [18], in which pesticide residues are introduced into the home by 

adults exposed in the workplace, creates an exposure route for children that is cause for 

concern. Pesticide exposure in childhood may affect neurodevelopment [36]–[40], and 

emerging evidence suggests that pesticides may affect children’s pulmonary development 

[41], [42].

Tamaro et al. Page 8

Biomarkers. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Analyzing dimethyl OPs and diethyl OPs and their corresponding urinary metabolites 

separately gave further insight into the relationship between pesticides in house dust and 

pesticide metabolites in urine. A positive correlation existed between urinary DMAP and 

dimethyl OP residues in house dust in thinning and harvest seasons, but not in non-spray 

season, for both the adults and the children. When parental occupation (FW vs. NFW) was 

included in the regression model, a significant interaction between occupation and 

concentration of dimethyl OPs in house dust was observed in thinning season and harvest 

season for the adults.

CP, a diethyl OP utilized regularly in the Valley during 2005 and 2006, was applied on a 

different seasonal schedule than the dimethyl OPs, so it is not surprising that a somewhat 

different pattern was seen in the relationship between urinary DEP+DETP and diethyl OP 

residues in house dust. A positive correlation between adult DEP+DETP and diethyl OP 

residues existed in thinning and non-spray seasons, but not in harvest season, while a 

positive correlation between child DEP+DETP and diethyl OP residues was seen in thinning 

and harvest seasons but not in non-spray season. When parental occupation was added to the 

regression model, the results showed that FW status influenced the concentration of diethyl 

OPs in house dust significantly in harvest and non-spray seasons, for both adults and 

children.

These results support our hypothesis that in certain agricultural seasons a takehome pathway 

exists, by which adult FWs exposed occupationally to OPs carry residues into their vehicles 

and then into their homes, increasing the likelihood that children living in those homes will 

be exposed to OPs. Among our cohort, we found that the GM concentrations of AZM, CP, 

ML, and PH in house dust in FW homes exceeded those in NFW homes in all three seasons.

Our paper is not the first to investigate OP residues in house dust and OP metabolites in the 

urine of adults and children living in those homes [43], but to our knowledge it is the first to 

report on an association between pesticides in house dust and their biological metabolites in 

urine. Our study is unique in that it collected urine and dust data across three agricultural 

seasons, from a cohort of farmworker and non-farmworker adults and their children living in 

agricultural communities in the Lower Yakima Valley of Washington state. All of the FW 

adults were employed with the same agricultural crop (pome fruits) during the sample 

collection periods, thereby ensuring that their occupational OP exposure profiles were 

similar.

AZM is considered to be one of the most effective pesticides against the codling moth and 

was applied in significant quantities in the Valley during 2005 and 2006, primarily during 

thinning season. AZM is a possible source of the DMAPs detected in the participants’ urine. 

AZM was the most commonly detected OP in house dust, while DMTP was the most 

commonly detected urinary metabolite in adults and children. CP, a diethyl OP, is also 

effective against the codling moth and was also applied in significant quantities in the Valley 

during those same years. However, CP’s application period of February-March overlapped 

only partially with the urine sampling intervals, which may explain the low levels of CP 

detected in this study. CP and DZ were the least commonly detected OPs in house dust, and 

DEP+DETP were the least commonly detected urinary metabolites in adults and children. 
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The patterns and timing of OP presence in house dust and urinary metabolites reflect those 

of orchard applications, giving support to the hypothesis that adults who work in agricultural 

settings carry pesticides into their homes and thereby expose family members to workplace 

contaminants.

Only a few studies have been conducted examining the relationship between postnatal OP 

exposure and the neurodevelopment of school-age children, and the results are inconsistent. 

Cross-sectional data from the U.S. National Health and Nutrition Examination Survey were 

analyzed, and 119 of 1,139 children ages 8–15 met the diagnostic criteria for attention 

deficit hyperactivity disorder (ADHD). Children with higher urinary DMAP concentrations 

were more likely be diagnosed as having ADHD, while diethyl alkylphosphate (DEAP) 

levels were not significantly associated with the odds of ADHD [36]. Researchers assessed 

the development of 79 children from Ecuador: the urinary DAP levels of the 7-year-old 

children were associated with an increase in simple reaction time [37]. Analysis of data on 

1,081 children ages 6–11 years from the Canadian Health Measures Survey found urinary 

DAPs in 91% of the children, but urinary DAPs were not associated significantly with a high 

level of parent-reported behavioral problems [38]. In a group of 48 children from the 

Children Pesticide Survey of southern Arizona, 100% of the children had detectable levels 

of the OP metabolite DMP. Higher urinary DAPs were correlated with poorer performance 

on some subsets of the Wisconsin Card Sorting Test, although results were dependent upon 

the inclusion of two samples with significantly higher DAPs [39]. In a cohort of 323 five-

year-old Mexican-American children in California, researchers found no association 

between total DAPs and measures of attention, but there was a doubling of the odds of 

ADHD for every 10-fold increase in urinary DEAP [40]. The effect of long-term, low-level 

exposures to OP pesticides, especially among children who live in agricultural areas where 

pesticides are applied continuously, remains open to investigation.

Recent evidence suggests that prenatal and early childhood OP exposure may affect 

pulmonary development [41], [42]. In a cohort of 359 California children, urinary DAP, 

DMAP, and DEAP concentrations measured during ages 0.5–5 years were associated with 

respiratory symptoms and coughing at 5 or 7 years of age and with significant decreases in 

lung function at 7 years.

There is general acknowledgement that DAPs are available from food. A portion of the 

urinary DAPs measured in this study may well have originated from ingestion of DAPs 

found in food or the environment rather than from metabolism of the intact OP compounds. 

OPs on food commodities degrade to DAPs at levels which may approach that of the parent 

OP [44]. At this time there is little understanding of whether ingested DAPs are further 

metabolized; several studies done in rats suggest that at least some DAPs are further 

metabolized after oral consumption [31], [32]. The house and vehicle dust samples from this 

study were only analyzed for intact OPs and not for DAPs resulting from environmental 

breakdown of OP compounds. It is possible that some proportion of the DAPS measured in 

the urine samples resulted from oral consumption of DAPs rather than metabolism of 

ingested OPs. However, the purpose of this report was to examine whether there was an 

association between intact OPs in house dust and the urinary DAPs detected in FW and 

NFW families living in an agricultural area.
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Our study has many strengths. Its design was longitudinal, and the same participants were 

followed over three agricultural seasons encompassing a full year. All urine samples were 

first morning voids, which have been found to be the best predictor of weighted-average 

daily metabolite concentration [45]. The participants contributed three urine samples over a 

five-day period (days 1, 3 and 5); our analysis used the geometric means of the DAP 

metabolites detected in the three samples, thereby reducing the day-to-day variability of the 

subjects’ measurements. House dust and urine samples were collected during three different 

intervals in a single agricultural year and therefore reflect the annual cycle of OP use in the 

orchards. The urine and dust samples reflect the seasonal application patterns of dimethyl 

OPs particularly well, as the collection intervals coincided with thinning season, when 

dimethyl OPs are applied regularly; harvest season, when OP application tapers off, and 

non-spray season, when dimethyl OPs are rarely used on pome fruits. All of the adult 

farmworkers were employed in pome fruit orchards and thus they were exposed to similar 

types of OPs.

A limitation to this study is that exact OP usage during the harvest season can be difficult to 

determine, as application times vary according to the specific fruit variety. Different apple 

varieties ripen at different times during the harvest season, and late-ripening orchards may 

receive OP applications on a different schedule than early-ripening orchards. Another 

limitation is that seasonal CP application did not coincide with any of the three sample 

collection intervals. Therefore the urine and dust samples are less reflective of CP exposure 

than they are of AZM, DZ, ML, and PH exposures, since AZM, DZ, ML, and PH were 

applied concurrent with the sample collection intervals. This may explain why CP and its 

urinary metabolites DEP+DETP were detected at low levels even though CP was applied in 

the Valley in significant quantities in 2005–2006. A third limitation is that DAPs were not 

measured in the house dust samples. A more complete picture of the relationship between 

pesticide-contaminated house dust and urinary pesticide metabolites might be obtained if 

concentrations of both intact OPs and OP breakdown products were known.

A potential confounding factor in the dust observations could include home pesticide use. Of 

the five OP pesticides found most abundantly in the house dust samples, only one of the five 

– DZ – was available to consumers for home use at the time the samples were taken [46]. 

Although this may have increased the variability of DZ detection in the dust samples, we do 

not believe it detracts from our conclusion. Moreover, regression analysis of the total DEP

+DETP urinary metabolites vs. DZ residues in house dust showed no significant association 

for either adults or children.

CONCLUSIONS

We found significant seasonal and occupational associations between urinary DAPs and 

intact OP residues in house dust among this cohort of FW and NFW adults and children. We 

found both higher concentrations of intact OP residues in house dust, and higher 

concentrations of OP metabolites in urine, in the FW families. Results of our regression 

analysis show a significant positive association between the concentration of dimethyl OPs 

in household dust and the concentration of dimethyl OP metabolites in urine, most notably 

during thinning season, when dimethyl OPs are applied regularly, but also during harvest 
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season when OPs are applied less frequently. When parental occupation is included in the 

model, results indicate that both parental occupation and concentration of OP residues in 

household dust influence the concentration of urinary dimethyl OP metabolites in certain 

agricultural seasons. Occupationally exposed farmworkers transport OPs into their homes, 

creating a take-home pathway by which young children are exposed to agricultural OPs.
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CLINICAL SIGNIFICANCE

• Exposure to OPs, which are used to control agricultural pests, have been 

shown to cause adverse health outcomes in adults and children. Thus this 

paper looks at how they are exposed is significant.

• FWs have higher exposure to OPs than NFWs living in the same community.

• Adult FWs may carry OPs into their homes, creating an exposure pathway for 

young children residing in the household.

• Evaluation of exposure biomarkers helps in understanding mechanisms 

underlying the association between adult’s workplace exposure to OPs and 

children’s home exposure to OPs via house dust.

• This biomarker information on exposure pathways for pesticides provides 

new options for interventions to reduce exposure of both adults and children.
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Figure 1. 
Flow of participating households through the study.
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Figure 2. 
Geometric mean concentration (nmol/g) and 95% confidence interval of the five most 

abundant OPs detected in dust samples from farmworker and nonfarmworker homes and 

vehicles, during thinning and non-spray seasons. (1a) Collected from residences, in the 

location where “the child played the most.” (1b) Collected from primary household vehicle.
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Figure 3. 
Geometric mean concentration (nmol/mL) and 95% confidence interval of 

dimethylalkylphosphate (DMAP) and diethylphosphate plus diethylthiophosphate (DEP

+DETP) urinary metabolites, collected from farmworker and non-farmworker adults and 

children during thinning and non-spray seasons. (2a) Adult DMAP. (2b) Adult DEP+DETP. 

(2c) Child DMAP. (2d) Child DEP+DETP.
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Figure 4: 
Regression of log of DMAP urinary metabolites (nmol/mL) vs. log of dimethyl OP residues 

in house dust (nmol/g) by agricultural season, with regression lines calculated separately for 

the two occupational groups. All figures include samples with residue levels below LOD. 

(3a) Difference between FW and NFW children in thinning season: p<0.001. (3b) Difference 

between FW and NFW children in harvest season: p<0.05. (3c) Difference between FW and 

NFW children in non-spray season: p=0.62. (3d) Difference between FW and NFW adults in 

thinning season: p<0.001. (3e) Difference between FW and NFW adults in harvest season: 

p<0.001. (3f) Difference between FW and NFW adults in non-spray season: p=0.33.
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Figure 5: 
Regression of log of DEP+DETP urinary metabolites (nmol/mL) vs. log of diethyl OP 

residues in house dust (nmol/g) by agricultural season, with regression lines calculated 

separately for the two occupational groups. All figures include samples with residue levels 

below LOD. (4a) Difference between FW and NFW children in thinning season: p<.05. (4b) 

Difference between FW and NFW children in non-spray season: p<.001. (4c) Difference 

between FW and NFW children in nonspray season: p<.05. (4d) Difference between FW and 

NFW adults in thinning season: p<0.05. (4e) Difference between FW and NFW adults in 

harvest season: p=0.06. (4f) Difference between FW and NFW adults in non-spray season: 

p<0.05.
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Table 1.

Estimated annual agricultural pesticide use in metric tons for Benton and Yakima counties following the 

methods described in Thelin and Stone (2013). U.S. Department of Agriculture countylevel data for harvested-

crop acreage were used in conjunction with proprietary Crop Reporting District-level pesticide-use data to 

estimate county-level pesticide use. Estimated pesticide use (EPest) values were calculated with both the 

EPest-high and EPest-low methods.

Estimate (1,000 kg)

2006 2005

Benton Yakima Total Benton Yakima Total

Azinphos-methyl 14.0 68.5 82.5 15.5 70.4 85.9

Malathion 0.5–1.2 1.0−1.2 1.5−2.4 1.5−1.6 3.3 4.8−4.9

Phosmet 0.7 5.4 6.2 5.9 33.3 39.4

Chlorpyrifos 11.9−12.3 49.3−49.5 61.2−61.8 13.8−14.6 52.4−52.6 66.2−67.2

Diazinon 0.7−1.7 2.1−2.2 2.8−3.9 0.4−0.5 0.8−0.9 1.2−1.4

Thelin, G.P., and Stone, W.W., 2013, Estimation of annual agricultural pesticide use for counties of the conterminous United States, 1992–2009: 
U.S. Geological Survey. Scientific Investigations Report 20135009, 54 p.
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Table 3.

Concentrations (Geometric Mean) and Detection Frequencies of Five Organophosphate Pesticides Most 

Commonly Detected in Vehicle Dust in Lower Yakima Valley, WA. Farmworker (FW) and nonfarmworker 

(NFW) vehicle dust concentrations are in units of nmol OP/ gram house dust.

OP Pesticide Thinning Season Non-spray Season

Geometric Geometric

Azinphos-methyl n % Detect Mean 95% CI n % Detect Mean 95% CI

FW 89 99% 3.304** (0.181–60.222) 65 60% 0.064** (0.001–27.459)

NFW 84 79% 0.206 (0.007–6.995) 70 40% 0.009 (0.001–4.553)

Geometric Geometric

Malathion n % Detect Mean 95% CI n % Detect Mean 95% CI

FW 89 91% 0.306** (0.008–11.378) 65 15% 0.008** (0.001–0.650)

NFW 84 56% 0.025 (0.001–1.332) 70 14% 0.003 (0.001–1.055)

Geometric Geometric

Phosmet n % Detect Mean 95% CI n % Detect Mean 95% CI

FW 89 98% 0.523** (0.047–5.861) 65 38% 0.053* (0.001–33.634)

NFW 84 80% 0.101 (0.007–1.541) 70 14% 0.010 (0.001–1.279)

Geometric Geometric

Chlorpyrifos n % Detect Mean 95% CI n % Detect Mean 95% CI

FW 89 70% 0.099** (0.001–6.885) 65 65% 0.001 (0.001–0.519)

NFW 84 36% 0.009 (0.001–1.179) 70 41% 0.001 (0.001–0.584)

Geometric Geometric

Diazinon n % Detect Mean 95% CI n % Detect Mean 95% CI

FW 89 55% 0.014** (0.002–0.081) 65 34% 0.005* (0.001–0.054)

NFW 84 36% 0.007 (0.001–0.103) 70 27% 0.003 (0.001–0.047)

“**”
indicates significant difference at p<0.001 and

“*”
at p<0.05 between FW and NFW, based on Welch two-sample ttests.
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