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Prenatal exposure to organophosphate pesticides, which is ubiquitous, may be detrimental to neurological

development. We examined 327 mother/infant pairs in Cincinnati, Ohio, between 2003 and 2006 to determine as-

sociations between prenatal exposure to organophosphate pesticides and neurodevelopment. Twice during preg-

nancy urinary concentrations of 6 common dialkylphosphates, nonspecific metabolites of organophosphate

pesticides, were measured. Aggregate concentrations of diethylphosphates, dimethylphosphates, and total dialkyl-

phosphates were calculated. Bayley Scales of Infant Development, Second Edition-Mental and Psychomotor

Developmental indices were administered at ages 1, 2, and 3 years, the Clinical Evaluation of Language Funda-

mentals-Preschool, Second Edition, at age 4, and the Wechsler Preschool and Primary Scale of Intelligence, Third

Edition, at age 5. Mothers with higher urinary total dialkylphosphate concentrations reported higher levels of socio-

economic status and increased fresh fruit and vegetable intake. We found no associations between prenatal expo-

sure to organophosphate pesticides and cognition at 1–5 years of age. In our cohort, exposure to organophosphate

pesticides during pregnancy was not associated with cognition during early childhood. It is possible that a higher

socioeconomic status and healthier diet may protect the fetus from potential adverse associations with gestational

organophosphate pesticide exposure, or that dietary exposure to the metabolites is innocuous and not an ideal

measure of exposure to the parent compound.

cognition; gestation; organophosphate pesticides; pregnancy; prenatal exposures

Abbreviations: Bayley-II, Bayley Scales of Infant Development, Second Edition; DAP, dialkylphosphate; DE, diethylphosphate;

DM, dimethylphosphate; IQ, intelligence quotient; MDI, Mental Developmental Index.

Exposure to organophosphate pesticides during pregnancy
may be detrimental to a child’s neurological development,
and several mechanisms of deleterious action have been
proposed (1–3). Organophosphate pesticides are one of the
primary insecticides used in agriculture, and exposure to or-
ganophosphate pesticides during pregnancy has been associated
with several deficits throughout childhood. These include de-
lays in cognitive abilities (4–8), impairments in motor skills
(8), and child behaviors characteristic of attentional disorders
(4, 9). Infants exposed prenatally to a common agricultural or-
ganophosphate pesticide (chlorpyrifos) have been shown to
demonstrate abnormal structural changes in areas of the brain
related to attention and receptive language, social cognition,

reward, emotion, and inhibitory control (10). Although post-
natal exposures to organophosphate pesticides have also
been examined, when taken together, studies have demon-
strated more frequent and/or stronger associations between
prenatal exposures and adverse outcomes than with postnatal
exposures (4, 6, 9). However, to date, studies examining
these associations have focused primarily on cohorts that
were likely exposed to higher-than-national-average levels
of organophosphate pesticides, either through heavy use of
pesticides for inner-city pest control or as members of farm-
ing communities (4–10).
Because residential use of chlorpyrifos in the United States

was banned in 2001, the primary route of human exposure to
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organophosphate pesticides is through the ingestion of food
treated with pesticides during agricultural processing. Al-
though the ban of home usage has reduced human exposure,
some studies suggest that widespread gestational exposure to
organophosphate pesticides continues despite the ban (11,
12). The purpose of the current study was to examine the as-
sociation of prenatal exposure to organophosphate pesticides
with early childhood cognition in a sample of children whose
mothers’ exposures during pregnancy are similar to reported
US levels. This study was initiated after the ban of residential
use of chlorpyrifos in 2001, whereas previously published
studies included mostly subjects exposed prior to the residen-
tial ban (4–10).

METHODS

Study population

The study comprises women and children enrolled in the
Health Outcomes and Measures of the Environment Study
(HOME Study), an ongoing prospective pregnancy and
birth cohort study designed to examine the associations of
low-level prenatal and early childhood exposure to a variety
of environmental toxicants with child health and develop-
ment. Between February 2003 and January 2006, 468 healthy
pregnant women in the Cincinnati, Ohio, area were enrolled;
398 remained in the study and delivered live infants. Detailed
eligibility criteria and enrollment methods have been de-
scribed elsewhere (13, 14). Institutional review boards of all
involved research institutions, hospitals, and laboratories ap-
proved the study protocol.

We excluded 9 sets of twins because some studies have
demonstrated that this may be a significant factor associated
with intelligence quotient (IQ) scores (15, 16). Of the remain-
ing 389 singletons, the sample was further restricted to 382
children whose mothers provided urine samples at gestational
weeks 16 and 26. This was done to avoid overlapping time
periods that could obscure estimates of time-specific expo-
sures. Finally, the sample was restricted to the 327 children
who had at least 1 developmental examination performed at
age 1, 2, 3, 4, or 5 years.

Exposure measurements

Spot urine samples were collected from the mothers at 2
time points plus or minus 4 weeks: 16 (standard deviation,
1.8) weeks’ and 26 (standard deviation, 1.9) weeks’ gestation.
Samples were analyzed at the Centers for Disease Control and
Prevention in 2010. In each of the urine samples, 6 dialkylphos-
phates that are nonspecific metabolites of organophosphate
pesticides were measured. Specifically, dimethylphosphate, di-
methylthiophosphate, dimethyldithiophosphate, diethylphos-
phate, diethylthiophosphate, and diethyldithiophosphate were
measured using a modified version of the method described
by Bravo et al. (17). Metabolite concentrations on a molar
basis were summed to obtain aggregated concentrations of
diethylphosphates (total DE = diethylphosphate + diethyl-
thiophosphate + diethyldithiophosphate); dimethylphosphates
(total DM = dimethylphosphate + dimethylthiophosphate +
dimethyldithiophosphate); and dialkylphosphates (total DAP =

diethylphosphate + diethylthiophosphate + diethyldithiophos-
phate + dimethylphosphate + dimethylthiophosphate + dimethyl-
dithiophosphate). Each analytical batch included quality control
materials and reagent blanks to ensure the accuracy and reliabil-
ity of the data. The concentrations of the quality control materi-
als had to meet standard statistical probability rules (18) or the
samples included in the batch were reanalyzed. The coefficients
of variation were between 7% and 17% at concentrations rang-
ing from around 3–15 ng/mL, depending on the analyte. These
methods have been described in further detail elsewhere (19).

Child cognitive assessments

Neurodevelopmental outcomes were assessed annually at
ages 1–5 years by 2 trained examiners. These examiners were
trained and certified by a trained expert and observed and re-
certified biannually. At 1, 2, and 3 years, we assessed mental
and motor development using the Bayley Scales of Infant
Development, Second Edition (Bayley-II). Cognitive and
language development was assessed by using the Mental
Developmental Index (MDI), while gross and fine motor de-
velopment was assessed by using the Psychomotor Develop-
mental Index. At 4 years, language skills were assessed by
using the Clinical Evaluation of Language Fundamentals-
Preschool, Second Edition. This test measured the children’s
core language skills and also provided individual assessments
of their receptive language, expressive language, language
content, and language structure skills. At 5 years, intelligence
was assessed by using the Wechsler Preschool and Primary
Scale of Intelligence, Third Edition. The Wechsler Preschool
and Primary Scale of Intelligence, Third Edition, provided
measurement of the children’s verbal IQ, performance IQ,
processing speed quotient, and full-scale IQ.

Measured covariates

For all analyses, we examined the following additional co-
variates for their potential contributions to both organophos-
phate pesticide exposure and developmental and cognitive
outcomes: child’s sex and birth weight, mother’s race, parity,
age at delivery, education, marital status, intelligence quo-
tient, and reported alcohol and marijuana use during preg-
nancy (obtained from a maternal questionnaire). We also
examined household income, maternal whole blood lead
and serum cotinine during pregnancy, and the quality of
the home environment measured by using the HomeObserva-
tion forMeasurement of the Environment score (Home score)
(20). The child’s sex, maternal race, maternal IQ, and house-
hold income were determined a priori to be retained in all
models as a standard set of covariates.

Statistical analysis

All analyses were conducted by using SAS, version 9.3,
software (SAS Institute, Inc., Cary, North Carolina) (21). If
a metabolite concentration was below the limit of detection,
the following procedure was used: For concentrations re-
ported as a positive value, that value was used in analyses;
for concentrations reported as zero or if no numerical value
was reported, the concentration was imputed by using
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methods described elsewhere (19). The mean of creatinine
basis concentration total DE, total DM, and total DAP at
16 and 26 weeks was used as the primary exposure variable.
The Bayley-II MDI and Bayley-II Psychomotor Develop-

mental Index data were collected at 1, 2, and 3 years of age.
When the association between exposure and outcome was
<0.20, we ran a multivariable model in which we included

all potential covariates. A regression model with backwards
stepwise selection was used, in which the main exposure
variable and a standard set of covariates (child’s sex, mater-
nal race, maternal IQ, and household income) were retained
in the model regardless of significance. Other covariates
were removed from the model if they were found to be insig-
nificant (P ≥ 0.05, and their removal did not modify the

Table 1. Characteristics of the Mothers Enrolled in a Cincinnati-Based Pregnancy Cohort (The HOME Study) Between 2003 and 2006

Maternal Characteristic

Full Sample (n = 327) Participants Not Included (n = 62)

No. %
Geometric

Mean
95% CI No. %

Geometric
Mean

95% CI

Age at delivery, yearsa 30 (5.7) 26 (5.6)

Race

Caucasian, non-Hispanic 221 68 16 28

African American, non-Hispanic 85 26 36 65

Other 21 6 3 5

Marital status

Married 229 70 19 33

Not married, living with
someone

41 13 15 26

Not married, living alone 57 17 23 40

Household income, $b 55,000 (27,000,
85,000)

22,000 (12000,
56,000)

Home score at 12 months onlya 39 (5.1) 38 (3.0)

Employed 269 82 41 72

Education

High school or less or GED 65 20 30 53

Some college or college
graduate

189 58 19 33

Graduate or professional school 73 22 8 14

IQ, scorea 107 (14.4) 97 (12)

Moderate-to-severe depression

At baseline and 4 weeks 80 24 26 45

Postnatal (1, 2, and 3 years)

Ever 66 20

Alcohol use during pregnancy

Never drank alcohol during
pregnancy

176 54 40 70

Drank <1 alcoholic drink/month 106 32 9 16

Drank ≥1 alcoholic drink/month 45 14 8 14

Marijuana use during pregnancy 16 5 14 22

Blood lead, µg/dL 0.80 0.77, 0.84 0.88 0.80, 0.97

Serum cotinine, ng/mL 0.084 0.064, 0.111 0.95 0.43, 2.09

Total DE, nmol/g creatinine 9.3 7.8, 11.0 9.3 6.2, 13.9

Total DM, nmol/g creatinine 45.9 39.3, 53.6 39.1 27.5, 55.5

Total DAP, nmol/g creatinine 73.7 64.5, 84.3 60.7 44.8, 82.0

Abbreviations: CI, confidence interval; DAP, dialkylphosphate; DE, diethylphosphate; DM, dimethylphosphate; GED, general equivalency

diploma; Home score, Home Observation for Measurement of the Environment score; HOME Study, Health Outcomes and Measures of the

Environment Study; IQ, intelligence quotient; SD, standard deviation.
a Values are expressed as the mean (SD).
b Values are expressed as the median (25th, 75th percentiles).
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regression coefficient of the organophosphate pesticides
by >10%.

For the Clinical Evaluation of Language Fundamentals-
Preschool, Second Edition, at 4 years, we considered standard
scores for overall core language as well as component indices
for receptive, expressive, content, and structure of language.
For the Wechsler Preschool and Primary Scale of Intelligence,
Third Edition, at age 5, we examined full-scale IQ, perfor-
mance IQ, processing speed quotient, and verbal IQ scores.
We conducted a bivariate association analysis between each
of these outcome measures and exposure variables (total DE,
total DM, total DAP). When the association between exposure
and outcome was <0.20, we followed the same procedures for
multivariable analysis as described for the Bayley-II outcome.

RESULTS

A total of 327 mother-child pairs were included. Table 1
displays the maternal characteristics of the study sample.
Mothers who were excluded because they did not provide
both 16-week and 26-week urine samples (n = 7) or because
their children did not have at least 1 developmental examina-
tion performed at age 1, 2, 3, 4, or 5 years (n = 55) were de-
mographically different from mothers who were included.
(Demographic information for these mothers is also included
in Table 1.) Mothers who were not included were younger,
were less likely to be non-Hispanic Caucasian, and had
lower levels of education and different prenatal exposure pat-
terns from mothers who were included.

Table 2. Characteristics of the Children Enrolled in a Cincinnati-Based Pregnancy Cohort (The HOME Study)

Between 2003 and 2006

Child’s Characteristic No. % Mean (SD) Geometric Mean 95% CI

Male 147 45

Birth weight, g 3,398 (625)

Gestational age, weeks 39 (1.7)

Birth order

First child 141 43

Second child 105 32

Third child or later 81 25

Blood lead, µg/dL

1 year 1.69 1.57, 1.82

2 years 1.70 1.56, 1.84

3 years 1.26 1.15, 1.38

Mean (1, 2, and 3 years) 1.67 1.55, 1.79

Maximum (1, 2, and 3 years) 2.01 1.87, 2.17

Bayley-II scores

1-year MDI (n = 321) 93.41 (9.88)

1-year PDI (n = 320) 91.35 (13.63)

2-year MDI (n = 268) 89.43 (14.47)

2-year PDI (n = 268) 91.06 (13.92)

3-year MDI (n = 244) 93.31 (13.83)

3-year PDI (n = 242) 96.96 (14.80)

Clinical Evaluation of Language
Fundamentals-Preschool, Second Edition

Core language (n = 182) 99.14 (16.35)

Receptive (n = 181) 98.40 (15.85)

Expressive (n = 180) 100.19 (14.96)

Wechsler Preschool and Primary Scale of
Intelligence, Third Edition

Verbal IQ (n = 196) 101.39 (15.40)

Performance IQ (n = 197) 102.07 (16.07)

Processing speed quotient (n = 187) 98.86 (15.18)

Full-scale IQ (n = 197) 105.73 (15.50)

Abbreviations: Bayley-II, Bayley Scale of Infant Development, Second Edition; CI, confidence interval; HOME

Study, Health Outcomes and Measures of the Environment Study; IQ, intelligence quotient; MDI, Mental

Developmental Index; PDI, Psychomotor Developmental Index; SD, standard deviation.
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Table 2 summarizes characteristics of the children. Average
blood lead levels at ages 1, 2, and 3 years were below the cur-
rent reference range of 5.0 µg/dL (1.69 µg/dL at age 1, 1.70 µg/
dL at age 2, and 1.26 µg/dL at age 3). Themean scores for each
of the neurobehavioral outcomes were within normal limits
(22–24).
Table 3 displays the creatinine basis concentration DAPme-

tabolite concentrations during pregnancy and the median lev-
els of total DE, total DM, and total DAP (refer to Appendix
Table 1 for additional metabolite concentrations). Median val-
ues of the mean exposure categories for gestational weeks 16
and 26 in this study were 21.1, 64.3, and 96.7 nmol/L for total
DE, total DM, and total DAP, respectively. Mothers who were
non-African American, had a college education or higher, or
who were married had higher urinary concentrations of organ-
ophosphate pesticide metabolites compared with mothers who
were African American, received no more than a high school
education, or were unmarried.
Associations between maternal gestational levels of total

DM and Bayley-II MDI are summarized in Table 4. At the
2-year visit, total DM and total DE were positively associated
with Bayley-II MDI at the P < 0.20 level (β = 0.003 and β =
0.003, respectively). However, as displayed in Table 4, these
relationships were attenuated after controlling for relevant co-
variates (β = 0.002 and β = 0.002, respectively).

At 4 years, there were no significant relationships between
the mean exposure variables and any of the child language
indexmeasures at the P < 0.20 level, as measured by the Clin-
ical Evaluation of Language Fundamentals-Preschool, Sec-
ond Edition (results not shown). Therefore, additional
multivariable analyses were not performed.
As shown in Table 5, at 5 years, total DAP and total DM

were positively associated with full-scale IQ at the P < 0.20
level in unadjusted analyses (β = 0.004 and β = 0.004, respec-
tively). However, these relationships were attenuated after
controlling for relevant covariates (β = 0.001 and β = 0.002
for total DAP and total DM, respectively). Finally, total
DAP, total DM, and total DE were positively associated
with verbal IQ at the P < 0.20 level (β = 0.005, β = 0.005,
and β = 0.048, respectively), but these relationships were at-
tenuated after controlling for relevant covariates (β = 0.003,
β = 0.003, and β =−0.027), as shown in Table 5.

DISCUSSION

In this study, children of women exposed to organo-
phosphate pesticides during pregnancy at levels that resemble
average US levels as determined by the National Health and
Nutrition Examination Survey (NHANES) (25) were assessed
for cognitive, motor, language, and intelligence outcomes

Table 3. Creatinine-Corrected Dialkyl PhosphateMetabolite Urinary Concentrations, byMaternal andChild Characteristics, in Mothers Enrolled in

a Cincinnati-Based Pregnancy Cohort (The HOME Study) Between 2003 and 2006

No.

Total Diethylphosphates Total Dimethylphosphates Total Dialkylphosphates

Mediana 25th, 75th
Percentiles

Mediana 25th, 75th
Percentiles

Mediana 25th, 75th
Percentiles

Overall 327 21.1 8.2, 43.4 64.3 25.6, 190.9 96.7 44.6, 255.1

Child’s sex

Female (referent) 180 21.0 7.5, 46.3 65.4 25.5, 159.2 95.4 43.9, 256.5

Male 147 21.1 9.5, 42.9 64.3 25.6, 220.2 100.5 48.1, 256.5

Maternal race

Non-African American (referent) 242 23.9 11.8, 51.1 73.6 32.6, 214.7 109.8 56.8, 268.8

African American 85 13.0b 4.0, 36.3 42.4b 15.7, 141.9 64.1b 24.6, 171.8

Education

High school graduate or less
(referent)

65 12.0 3.0, 32.7 42.7 13.0, 100.4 68.6 18.9, 124.0

Some college 84 16.6 5.3, 35.0 51.6 19.0, 112.1 74.3 37.3, 140.0

College graduate 105 23.7b 10.7, 65.7 90.1b 36.3, 270.0 118.1b 61.4, 338.4

Graduate/professional degree 73 29.2b 18.1, 53.9 96.1b 32.6, 360.6 127.6b 63.7, 421.4

Marital status

Married (referent) 229 24.5 11.8, 53.2 76.6 32.6, 232.8 111.1 54.7, 289.7

Not married, living with partner 41 15.0b 3.0, 30.5 37.3b 11.3, 98.8 60.5b 31.1, 125.8

Not married, living alone 57 15.8b 5.3, 35.1 53.4b 15.7, 141.9 74.3b 25.7, 171.8

Maternal employment

Not employed (referent) 58 15.1 4.0, 33.2 42.8 18.0, 128.9 59.8 25.7, 165.3

Employed 269 23.7b 9.6, 44.9 72.2b 28.2, 214.7 108.7b 40.9, 267.7

Abbreviation: HOME Study, Health Outcomes and Measures of the Environment Study.
a Median in nmol/g creatinine.
b Significant difference compared with referent using log-transformed data due to distribution of data (P < 0.05).
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from 1 to 5 years of age. In unadjusted analyses, several sig-
nificant positive associations were found between urinary
concentrations of metabolites of organophosphate pesticides,
but these associations became nonsignificant in multivariable
analyses that included adjustment for covariates of exposure
and outcome.

The positive associations found in the unadjusted analyses in
this cohort are likely a result of confounding by socioeconomic

status and dietary intake of fruits and vegetables, and not due
to beneficial properties of pesticides. This is verified by the
lack of association observed after adjustment for confound-
ers. The mothers in this cohort who had higher urinary
DAP concentrations were more likely to be married, better
educated, more likely to be employed, and less likely to be
African American than mothers with lower urinary DAP con-
centrations. In this same cohort, Yolton et al. (19) found that
mothers who had higher concentrations of organophosphate
pesticide metabolites also reported increased daily fruit and
vegetable uptake, and they were more likely to consume or-
ganic food products. It is possible that mothers with higher
socioeconomic status during pregnancy may consume a
more nutrient-rich diet. It has been shown that maternal nu-
tritional status in pregnancy can influence fetal brain devel-
opment, and it is possible that a similar mechanistic model
is occurring within our cohort and potentially influencing
our results (26). It is worth noting that other studies have
found significant positive associations that were contrary

Table 4. Associations Between Maternal Gestational Levels of

Creatinine-Basis Mean Dimethylphosphate and Dialkylphosphate

Metabolite Urinary Concentrations and the Bayley-II Motor

Developmental Index and the Bayley-II Psychomotor Developmental

Index Among Children Aged 1, 2, and 3 Years Enrolled in a

Cincinnati-Based Pregnancy Cohort (The HOME Study) Between

2003 and 2006

Organophosphate
and Age of Child

Estimate
(Standard Error)

P Value

Bayley-II Mental Developmental Index

Total DAP

12 Monthsa −0.002 (0.011) 0.85

24 Monthsa 0.007 (0.017) 0.68

36 Monthsa 0.024 (0.025) 0.33

Total DMa

12 Monthsa −0.002 (0.001) 0.25

24 Monthsa 0.003 (0.002) 0.16

24 Monthsb 0.002 (0.002) 0.28

36 Monthsa 0.002 (0.002) 0.29

Total DEa

12 Monthsa −0.002 (0.001) 0.25

24 Monthsa 0.003 (0.002) 0.16

24 Monthsb 0.002 (0.002) 0.37

36 Monthsa 0.002 (0.002) 0.27

Bayley-II Psychomotor Developmental Index

Total DAP

12 Monthsa −0.014 (0.016) 0.37

24 Monthsa 0.006 (0.017) 0.71

36 Monthsa −0.006 (0.026) 0.83

Total DM

12 Monthsa 0.000 (0.002) 0.99

24 Monthsa 0.001 (0.002) 0.59

36 Monthsa 0.000 (0.002) 0.82

Total DE

12 Monthsa 0.000 (0.002) 0.93

24 Monthsa 0.001 (0.002) 0.57

36 Monthsa 0.000 (0.002) 0.84

Abbreviations: Bayley-II, Bayley Scales of Infant Development,

Second Edition; DAP, dialkylphosphate; DE, diethylphosphate; DM,

dimethylphosphate; HOME Study, Health Outcomes and Measures

of the Environment Study.
a Unadjusted model.
b Model adjusted for household income, maternal intelligence

quotient, maternal race, child’s sex, and maternal lead level.

Table 5. Associations Between Maternal Gestational Levels of

Creatinine-Basis Mean Dialkylphosphate Metabolite Urinary

Concentrations and Wechsler Preschool and Primary Scale of

Intelligence, Third Edition, Among Children Enrolled at Age 5 Years in

a Cincinnati-Based Pregnancy Cohort (The HOME Study) Between

2003 and 2006

Organophosphate

Wechsler Preschool and Primary Scale of
Intelligence, Third Edition

Estimate (Standard Error) P Value

Full-Scale IQ

Total DAPa 0.004 (0.002) 0.111

Total DAPb 0.001 (0.002) 0.494

Total DMa 0.004 (0.003) 0.124

Total DMb 0.002 (0.002) 0.441

Total DEa 0.031 (0.029) 0.289

Performance IQ

Total DAPa 0.003 (0.003) 0.277

Total DMa 0.003 (0.003) 0.265

Total DEa −0.001 (0.030) 0.979

Verbal IQ

Total DAPa 0.005 (0.002) 0.034

Total DAPc 0.003 (0.002) 0.179

Total DMa 0.005 (0.002) 0.043

Total DMc 0.003 (0.002) 0.144

Total DEa 0.048 (0.029) 0.099

Total DEc −0.027 (0.024) 0.259

Abbreviations: DAP, dialkylphosphate; DE, diethylphosphate; DM,

dimethylphosphate; HOMEStudy, Health Outcomes andMeasures of

the Environment Study; IQ, intelligence quotient.
a Unadjusted model.
b Adjusted for household income, maternal race, child’s sex,

maternal intelligence quotient; and maternal education.
c Adjusted for household income, maternal race, child sex,

maternal intelligence quotient; Home inventory score, maternal age

at birth, alcohol consumption during pregnancy, and parity.
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to their a priori hypotheses with regard to organophosphate
pesticides and neurodevelopment in infants and young
children (6, 27).
It is possible that we may be observing evidence of a thresh-

old at which these organophosphate pesticides have no nega-
tive associations with cognition and neurodevelopment in
children. Dose responses have generally been observed in
other studies assessing the association between exposure to
organophosphate pesticides and neurodevelopmental con-
structs (3), and it is therefore possible that the exposure in
our cohort was too low to detect an association with our out-
comes. Because the urinary concentrations in our cohort
closely mirrored those reported nationally for women (25),
our findings are reassuring to those concerned about pesticide
exposure that may result from average intake of fresh produce
consumption.
Our findings are in agreement with those of Lu et al. (28)

who concluded that prenatal pesticide exposure, as measured
once during pregnancy, did not play a significant role in the
performance of the cognitive development evaluation in chil-
dren from 4 to 10 years of age. Our findings are also in agree-
ment with those of Cartier et al. (29), who recently found no
evidence that prenatal organophosphate pesticide exposure ad-
versely affected cognitive function in children aged 6 years.
Similar to our study, the study by Cartier et al. also found par-
adoxical results and concluded that their population was well
educated and therefore may have had fewer risk factors and
more compensatory stimulation. The evidence here is also in
partial agreement with that of Engel et al. (5), who found no
relationship between organophosphate pesticides and the
Bayley-II Psychomotor Developmental Index at either 12 or
24 months. Interestingly, however, our findings are not in ac-
cordance with those of the same study by Engel et al., who
found that exposure to prenatal organophosphate pesticides is
negatively associated with cognitive development as measured
by the Bayley-II MDI and Wechsler psychometric intelligence
examinations, with associations beginning at 12 months and
continuing through early childhood. However, higher median
urinary concentrations of total DE, total DM, and total DAP
were reported in Engel et al.’s cohort (20.2, 44.8, and
81.3 nmol/L, respectively) compared with our cohort (9, 38,
and 60 nmol/L). It should also be noted that in Engel et al.’s
study, higher concentrations of total DAPwere positively asso-
ciated with Bayley-IIMDI scores at 12 months among subjects
who identified as non-Hispanic white. Our findings also differ
from those of Eskenazi et al. (6), who reported that maternal
urinary concentrations of DAP metabolites were related to
poorer mental development and maternally reported symp-
toms consistent with pervasive developmental disorder in chil-
dren 2 years of age. However, in the CHAMACOS Study, the
majority of subjects were from a longitudinal birth cohort of
primarily farm-worker families, and they had mean concentra-
tions of total DE, total DM, and total DAP (18.1, 81.5, and
114.9 nmol/L, respectively) higher than those measured in
our cohort (9.3, 45.9, and 73.7 nmol/L). At 16 weeks, the geo-
metric mean of dimethylthiophosphate for our study was com-
parable to the US National Health and Nutrition Examination
Survey, 2003–2004, general population data (25) (2.16 vs.
2.06 µg/L, respectively), but was slightly lower at 26 weeks
(1.44 vs. 2.06 µg/L, respectively).

This study does have limitations. The first limitation relates
to the use of spot urine samples obtained at only 2 points dur-
ing pregnancy to categorize exposure; given the short half-
life of DAP metabolites and the likely episodic nature of
the exposure (e.g., diet), the risk of exposure misclassification
exists. However, our study is improved over other studies that
collected only 1 sample during pregnancy. Further, because
the misclassification is likely to be nondifferential, any errors
are likely to skew our results toward the null. Differences
existed between mothers who were either included or ex-
cluded, both demographically and with regard to total DAP
at 16-weeks’ gestation. It is reassuring, however, that the
26-week total DAP and mean total DAP were similar be-
tween the 2 groups. Because children of the 62 excluded
mothers were missing most assessment data, we were unable
to perform additional analyses to further investigate whether
or how this exclusion may have influenced our main results.
Additional limitations are the narrow range and relatively
low concentrations of DAP in our cohort, which may have
hindered our ability to detect cognitive differences related
to prenatal exposure. However, it should be noted that the uri-
nary concentrations of these metabolites are similar to those
reported nationally andmay thus increase our generalizability
and relevance to a large percentage of the population. A final
limitation is that we measured urinary DAP, and, particularly
for dietary exposures (30), these may reflect exposure to
nontoxic preformed metabolites as well as the parent organ-
ophosphate pesticides (which are toxic). Therefore, it is
impossible to determine whether exposure was to the toxic
organophosphate pesticides or to the nontoxic DAP environ-
mental metabolites.
Given that urinary metabolite concentrations on a molar

basis of organophosphate pesticide insecticides were higher
in children born to mothers who were, in general, better edu-
cated and consumed more fruits and vegetables daily during
their pregnancy, it is possible that these factors may act as
confounders. However, we found no significant adverse asso-
ciations between urinary concentrations of DAP metabolites
of organophosphate pesticide insecticides measured in preg-
nant women and neurodevelopmental outcomes measured
annually in their children at ages 1 through 5 years. This is
especially reassuring as urinary concentrations of these me-
tabolites in our cohort are similar to those of adult females
from the US general population.
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Appendix Table 1. Individual Organophosphate Metabolitesa

Organophosphate
Geometric

Mean
95% CI

% >Limit of
Detection

Diethyldithiophosphate 0.02 0.019, 0.03 30.6

Diethylphosphate 0.50 0.39, 0.64 78.6

Diethylthiophosphate 0.11 0.10, 0.14 58.7

Dimethyldithiophosphate 0.08 0.06, 0.09 46.5

Dimethylphosphate 1.45 1.16, 1.81 80.4

Dimethylthiophosphate 2.11 1.77, 5.53 97.9

Total diethylphosphates 9.3 7.8, 11.0 91

Total dimethylphosphates 45.9 39.3, 53.6 99

Total dialkylphosphates 73.7 64.5, 84.3 100

Abbreviation: CI, confidence interval.
a Diethyldithiophosphate, diethylphosphate, diethylthiophosphate, dimethyldithiophosphate, dimethylphosphate, and

dimethylthiophosphate were measured in units of µg/g creatinine; total diethylphosphates, total dimethylphosphates,

and total dialkylphosphates were measured in units of nmol/g creatinine.
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