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Learning Objectives
• Review previous evidence on the adverse reproductive effects of exposure

to pesticides, including DDT and currently used pesticides.

• Discuss what is added by the new findings, including how different
indicators of exposure relate to time to pregnancy among women.

• Outline the challenges of evaluating the reproductive effects of pesticide
exposure, and the implications for patient counseling.

Abstract
Objective: This study examined whether exposure to pesticides, including dichlo-

rodiphenyltrichloroethane (DDT), was associated with longer time to pregnancy
(TTP). Methods: Pregnant women (N � 402) living in a migrant farmworker
community were asked how many months they took to conceive. Women reported their
and their partners’ occupational and home pesticide exposure preceding conception.
In a subset (N � 289), levels of DDT and dichlorodiphenyldichloroethylene (DDE),
were measured in maternal serum. Results: No associations were seen with p,
p�-DDT, o, p�-DDT, or p, p�-DDE. Maternal occupational pesticide exposure (fecund-
ability odds ratios [fOR] � 0.8, 95% CI: 0.6 to 1.0), home pesticide use (fOR � 0.6, 95%
CI: 0.4 to 0.9), and residence within 200 ft of an agricultural field (fOR � 0.7, 95%
CI: 0.5 to 1.0) were associated with reduced fecundability (ie, longer TTP).
Conclusions: Longer TTP was seen among women, but not men, reporting exposure
to agricultural and home pesticides. (J Occup Environ Med. 2008;50:1335–1342)

T he effects of pesticides on human fer-
tility has raised considerable concern,
beginning with the discovery thirty years
ago of azoospermia and oliogospermia
among workers exposed to the pesticide
1,2-dibromo-3-choloropropane.1 Since
then, several other pesticides have
been associated with toxicologic ef-
fects on spermatogenesis in humans,
including 2,4-D,2 carbaryl,3 and or-
ganophosphate pesticides,4,5 but less
is known about possible effects of
pesticides on female reproductive ca-
pacity. With studies showing world-
wide decline in sperm counts6,7 and
ongoing discussion about whether
infertility rates are changing over
time,8 there is considerable concern
about whether widespread exposure
to pesticides, many of which may be
endocrine disruptors, is impacting
human fecundability.

The pesticide, dichlorodiphenyltri-
chloroethane (DDT), which was banned
for use in the United States in 1973, and
its breakdown product dichlorodiphenyl-
dichloroethylene (DDE), have been
shown to have endocrine disrupting
properties.9 DDT and DDE exist in
two isomeric forms; the o,p� and p,p�
isomers of DDT have been shown to
have estrogenic effects,10,11 whereas
p,p�-DDE appears to have antiandro-
genic properties.12 Two studies have
examined DDT or DDE levels and
menstrual cycle characteristics, both
finding an association with shorter
cycle length.13,14 Two studies have
also found DDT or DDE levels to be
associated with lower levels of uri-
nary progesterone14,15 and estrogen
metabolites,15 and a rigorous study
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in China found DDT exposure to be
associated with an increased odds of
unrecognized fetal loss.16

Time to pregnancy (TTP), or the
number of menstrual cycles required
to achieve a recognized pregnancy, is
the final endpoint of multiple biolog-
ical processes in male and female
partners and is a useful outcome for
investigating the effects of environ-
mental exposures on fecundability.17

Two studies have examined TTP in
relation to maternal levels of serum
DDE, but not DDT. Axmon et al18

measured p,p�-DDE in cohorts of
women in Sweden, Poland, Ukraine,
and Greenland and found current
DDE levels to be associated with
longer TTP only in the Greenland
(Inuit) cohort. Median DDE levels in
the Greenland cohort were 300 ng/g
of lipid (range: 26 to 1700 ng/g),
which was the lowest of the four
locations. Law et al19 examined p,p�-
DDE levels in maternal serum during
pregnancy in women participating in
the Collaborative Perinatal Project in
12 US cities from 1959 to 1965.
Although DDE levels were consider-
ably higher than in the Inuit cohort
(median �2500 ng/g of lipid [range:
0 to �7685 ng/g]), the authors found
no association with TTP.

Although DDT has been largely
banned, a wide variety of other pes-
ticides are currently in use. Several
epidemiologic studies have exam-
ined the association of male and
female exposure to currently-used
pesticides with TTP. The term pesti-
cide refers to hundreds of products
with differing chemistry and toxicity,
and most studies have used agricul-
tural employment as a surrogate for
pesticide exposure. Using paternal
agricultural or greenhouse work,
some studies have found longer
TTP20,21 or increased odds of de-
layed conception,22 but other studies
have found no association.23–26 Sim-
ilarly, maternal work in agriculture
has been associated with longer TTP
in some studies27,28 but not oth-
ers.23,29,30 Abell et al27 retrospec-
tively gathered TTP information
from 492 female members of the

Danish gardeners union. Although
they found no difference in TTP
comparing greenhouse workers with
nongreenhouse workers, they ob-
served reduced fecundability among
those greenhouse workers reporting
pesticide spraying, high pesticide ex-
posure, and not wearing gloves.
Idrovo et al28 interviewed 2085 fe-
male floriculture workers in Colom-
bian greenhouses about previous
pregnancies and found that work in
flowers during the year before preg-
nancy was associated with decreased
fecundability. Nevertheless, Curtis et
al23 found no significant association
with reported pesticide use among
Ontario farm families and two other
studies found no association with
maternal greenhouse work.29,30 Most
previous studies of both men and
women examined pregnancies and
exposures occurring several years
earlier, and many used external con-
trol groups, such as retail workers,
for comparison.

To minimize recall time and im-
prove accuracy of exposure assess-
ment, we examined TTP in a cohort
of pregnant women living in a farm-
worker community in California.
California is home to �700,000 mi-
grant and seasonal farmworkers,31

most of whom are immigrants from
Mexico.32 This group is at high risk
of occupational and residential expo-
sure to a variety of pesticides, includ-
ing organophosphate and carbamate
compounds.33 They are also likely to
have high levels of DDT and DDE,
because DDT was used in Mexico as
recently as the year 2000.34 Thus,
California farmworkers have the po-
tential for high exposure to a variety
of currently used, nonpersistent pes-
ticides as well as discontinued, per-
sistent pesticides like DDT.

This study examines whether TTP
is associated with maternal levels of
the persistent pesticide DDT in se-
rum during pregnancy and maternal
or paternal exposure to nonpersis-
tent, current-use pesticides, esti-
mated by work and home behaviors
during the time before pregnancy.

Materials and Methods

Study Subjects
The women in this study were

participants in the Center for the
Health Assessment of Mothers and
Children of Salinas (CHAMACOS)
project, a longitudinal cohort study
of pesticides and other environmen-
tal exposures among pregnant
women and children living in the Sali-
nas Valley, California. The Salinas
Valley is an agricultural region with
large-scale production of salad and
cole crops, an 11-month growing
season, and extensive use of agricul-
tural pesticides. Pregnant women
were recruited from five local prena-
tal clinics that serve a low income,
predominantly farmworker population.
Women were eligible to participate if
they were �20 weeks gestation at
enrollment, spoke English or Span-
ish, were eligible for low-income
health insurance, and were 18 years
of age or older. Written informed
consent was obtained, and study pro-
cedures were approved by the Com-
mittee for the Protection of Human
Subjects at U.C. Berkeley.

Of 601 participants enrolled in this
study, we excluded 8 women missing
TTP, 177 women using contracep-
tion at the time of conception (con-
traceptive failures), and 2 women
using fertility medication during the
month of conception. Twelve women
were missing information on agricul-
tural work or pesticide use, resulting
in a sample size of 402. DDT and
DDE levels were available for a sub-
set of 289 women who provided
blood samples of adequate volume.

Time to Pregnancy
An in-person interview was con-

ducted at the time of enrollment (me-
dian: 13 weeks gestation, interquartile
range: 10 to 18 weeks). The begin-
ning of the pregnancy was deter-
mined by asking women the date of
their last menstrual period (LMP).
Women who did not know their
LMP date were asked their due date
and whether it had been estimated by
ultrasound. If the due date was deter-
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mined by ultrasound, LMP was esti-
mated by back calculation. The LMP
date was then marked on a calendar
which was referred to throughout the
interview to clarify the time periods
of interest and to aid with recall.
Participants were asked, “How many
months did it take to become preg-
nant? In other words, for how many
months had you been having sexual
intercourse without doing anything
to prevent pregnancy?” Pregnancies
occurring immediately were coded
as 1 month.

Additional questions covered whether
the couple had been trying to get preg-
nant, using infertility medication, or us-
ing contraceptives (either regularly or
inconsistently) during the month of con-
ception. Women were also asked about
frequency of intercourse and prior con-
traceptive use.

Pesticide Exposure
Exposure to DDT and DDE was

measured in maternal blood col-
lected during the second trimester of
pregnancy (N � 265) or just before
delivery (N � 24). Maternal serum
was analyzed for p,p�-DDT, o,p�-
DDT, and p,p�-DDE using gas chro-
matography and high resolution
mass spectrometry. Levels below the
limit of detection (LOD) were as-
signed the value LOD/2. Quality control
samples were included in each run. Ma-
ternal serum was analyzed for total cho-
lesterol and triglyceride levels using
standard enzymatic methods (Roche
Chemicals, Indianapolis, IN). DDT and
DDE values were lipid adjusted and
reported as nanogram per gram of lip-
id.35 Statistical analyses included DDT
and DDE as continuous variables, both
with lipid-adjustment and without (data
not shown).

Women were asked about their
potential exposure to current-use
pesticides at work and at home dur-
ing the TTP period (ie, the time from
when they stopped using contracep-
tion until LMP) using the calendar to
aid recall. Women who had been
using contraception were asked
about exposures during the 6 months
before conception. Women were

asked whether they worked in agri-
culture (defined as planting, picking,
thinning, or other work in the fields;
packing or handling of produce or
flowers; or nursery or greenhouse
work), whether they worked in gar-
dening or landscaping, and whether
they had applied pesticides. Women
answering yes to any of these jobs at
any time during the TTP period were
categorized as having potential occu-
pational pesticide exposure. Similar
questions were asked about the
child’s father’s work. To assess home
pesticide exposure, each woman was
asked whether her home was located
within 200 ft of an agricultural field
(interviewers pointed out a landmark
located 200 ft away for reference) and
whether anyone had applied pesticides in
her home.

Covariates
Demographic information included

maternal and paternal age, education,
race, country of birth, and years of resi-
dence in the United States. Women were
asked about their reproductive histories,
including previous pregnancies, contra-
ceptive use, menstrual cycle characteris-
tics, and breastfeeding history. History of
sexually transmitted infection, gyneco-
logical conditions, urogenital surgeries,
or thyroid problems were combined into
a single variable indicating a history of
relevant medical conditions. Body mass
index was calculated from mother’s self-
reported pre-pregnancy weight and mea-
sured height. Information was gathered
about smoking, alcohol, and caffeine
consumption from coffee, tea, and caf-
feinated soda in the 3 months before
conception.

Statistical Analyses
Statistical analyses were per-

formed using STATA 10 (Stata Cor-
poration, College Station, TX). Cox
proportional hazards models adapted
for discrete time data were used to
estimate fecundability odds ratios
(fOR) for the association of pesticide
exposure with TTP.36 The fOR com-
pares the odds of achieving preg-
nancy during a cycle in the exposed
versus unexposed women, condi-

tional on survival to that cycle. A
fOR � 1 indicates longer TTP and
decreased fecundability in the ex-
posed group. TTP was censored at 13
months for most analyses, although
alternate censoring scenarios were ex-
plored in post hoc validation analyses.

Several covariates were identified
a priori as potential confounders in
the association of pesticide exposure
and TTP, based on the literature.
Covariates were retained in Cox
models if they were independently asso-
ciated with both TTP and pesticide ex-
posure (either DDT/DDE levels or
mother’s occupational exposure status)
or if their exclusion from the model
changed the coefficient on the main ex-
posures by �10%. Covariates retained
in the final models were hormonal con-
traceptive use in the year before preg-
nancy; breastfeeding within 2 months
before pregnancy; history of relevant
medical condition; years of residence in
the United States at the time of preg-
nancy; caffeine consumption during the
3 months before pregnancy; and whether
the couple was actively trying to con-
ceive. Maternal age at the beginning of
the TTP period was not associated with
the outcome, but was also included in all
models. Because menstrual cycle irregu-
larity might be on the causal pathway,
final models were tested with and with-
out this variable. Categories for covari-
ates are as shown in Table 1, unless
otherwise specified. Variables that were
tested but were ultimately not retained in
the model included paternal age (at preg-
nancy and at the beginning of the TTP
period), maternal and paternal education,
parity, marital status, maternal body
mass index, maternal smoking, and
length of menstrual cycle. Frequency of
intercourse was missing for 42
women, but was not associated with
TTP and did not change the coefficient
on the main effects. To test for a
“reproductively unhealthy” worker
bias, we added maternal nonagricul-
tural work to final models.

After final models were identified,
additional sensitivity analyses were con-
ducted to check for possible biases, as
recommended by Joffe et al.37 Models
were repeated after expanding the
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study population to include women
with contraceptive failures and ex-
ploring different ways to assign
TTP among consistent and irregular
contraceptive users (ie, TTP � 0 or 1 for
regular contraceptive users; TTP � 0, 1,
or months of use/2 for irregular users).
Models were also run: 1) changing the
censoring of TTP to 7, 10, or 15 months,
rather than 13 months; 2) limiting the
study population to primiparous women;
and 3) limiting the study population to
couples who were actively trying to con-
ceive. Results of these models were
compared with the main models to
check consistency of results.

Results
Women in the study were mostly

Latina, immigrants to the United
States, and had less than high school
education (Table 1). Forty-eight per-
cent had potential pesticide exposure
at work and 61% reported partners
with potential occupational expo-
sure, with almost all occupational
exposure (�90%) resulting from
work in agriculture. The mean age at
the beginning of the TTP period was
25 years (range: 15 to 44 years).
Most of the women had been preg-
nant before, had regular menstrual
cycles, had not used hormonal con-
traceptives in the year before the
TTP period, and had no history of
gynecologic conditions. Only half of
women reported that they had been
trying to get pregnant; the others
were trying not to get pregnant
(12%) or were not concerned
whether they got pregnant (36%).
Median TTP was 2 months (range: 1
to 180 months).

In crude analyses (Table 1), longer
residence in the United States, irreg-
ular menstrual cycles, recent breast-
feeding, and history of gynecologic
conditions were associated with
longer TTP. Recent hormonal con-
traceptive use was associated with
shorter TTP. Longer TTP was also
seen among women with potential
occupational pesticide exposure,
who had pesticides applied in their
homes, or who lived within 200 ft of
an agricultural field.

TABLE 1
Selected Characteristics of Study Population and Their Association With Time to
Pregnancy, CHAMACOS Study, 1999–2000 (N � 402)

Time to Pregnancy
Unadjusted fOR (95% CI)

Time to pregnancy (mo), median (IQR) 2 (1–6)
Maternal agea (yr), median (IQR) 25 (21–28) 0.99 (0.97–1.02)
Intercourse (times per month), median (IQR) 13 (9–17) 1.0 (0.99–1.01)
Maternal ethnicity, N (%)

White, non-Latina 6 (1.5) 0.5 (0.2–1.7)
Latina 390 (97.0) 1.0
Other 6 (1.5) 0.7 (0.2–3.0)

Length of residence in the United States,
N (%)

�5 yr 232 (57.7) 1.0
6 to 10 yr 69 (17.2) 0.6 (0.4–0.8)**
11� yr 60 (14.9) 0.7 (0.5–1.0)
Entire life 41 (10.2) 0.8 (0.5–1.2)

Maternal education, N (%)
�6th grade 175 (43.5) 1.0
7–12 grade 145 (36.1) 1.2 (0.9–1.6)
Completed high school 82 (20.4) 1.0 (0.7–1.4)

Prior pregnancy, N (%)
No 169 (42.0) 1.0
Yes 233 (58.0) 0.8 (0.6–1.0)

Trying to get pregnant, N (%)
No 194 (48.3) 1.0
Yes 208 (51.7) 1.3 (1.0–1.6)

Menstrual cycles, N (%)
Regular 320 (79.6) 1.0
Irregular 82 (20.4) 0.5 (0.4–0.7)**

Hormonal contraceptives in past year, N (%)
No 279 (69.4) 1.0
Yes 123 (30.6) 1.8 (1.4–2.2)**

Breastfeeding in past 2 mo, N (%)
No 384 (95.5) 1.0
Yes 18 (4.5) 0.3 (0.2–0.6)**

History of gynecologic conditions, N (%)
No 331 (82.3) 1.0
Yes 71 (17.7) 0.7 (0.5–1.0)*

Caffeine consumption, N (%)
No 59 (14.7) 1.0
Yes 343 (85.3) 0.8 (0.5–1.1)

Maternal occupational pesticide exposureb,
N (%)

No 211 (52.5) 1.0
Yes 191 (47.5) 0.7 (0.5–0.9)**

Paternal occupational pesticide exposureb,
N (%)

No 155 (38.6) 1.0
Yes 247 (61.4) 1.1 (0.9–1.5)

Lived �200 ft from agricultural field, N (%)
No 336 (83.6) 1.0
Yes 66 (16.4) 0.6 (0.4–0.9)**

Pesticides applied in home, N (%)
No 357 (88.8) 1.0
Yes 45 (11.2) 0.6 (0.4–0.9)*

*P � 0.05.
**P � 0.01.
aMaternal age at beginning of the time-to-pregnancy period.
bIncludes work in agriculture, landscaping/gardening, or jobs involving application of

pesticides.
IQR indicates interquartile range.
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Almost all women (96% to 100%)
with available blood samples had
detectable levels of DDT and DDE.
DDT and DDE levels in this popula-
tion were higher than in a national
reference population of women of
childbearing age participating in the
National Health and Nutrition Exam-
ination Survey (NHANES) during
the same years. In the study popula-
tion, the geometric mean of p,p�-
DDE was 1500 ng/g of lipid (range:
49 to 159,303 ng/g), of p,p�-DDT
was 24 ng/g (range: 2 to 33,174
ng/g), and of o,p�-DDT was 2 ng/g
(range: 0.1 to 1878 ng/g). In contrast,
median levels in NHANES were
210.5 ng/g of lipid (range 5.4 to
17,900 ng/g) for p,p�-DDE and 6.8
(range 3.3 to 1070 ng/g) for p,p�-
DDT. Most women in NHANES had
o,p�-DDT below the LOD. The sub-
set of women with DDT and DDE
measurements did not differ from the
full study population, except that
they were slightly more likely to be
recent immigrants to the United
States and to have breastfed in the
past 2 months.

Adjusted fOR and 95% CI for
log-transformed, continuous, lipid-
adjusted p,p�-DDT, o,p�-DDT, and
p,p�-DDE are shown in Table 2, with
a separate model constructed for
each analyte. Separate models were
also conducted examining p,p�-DDT,

o,p�-DDT, and p,p�-DDE continu-
ously without lipid adjustment, as
quartiles of exposure, and as the ratio
of DDT/DDE (not shown). No asso-
ciations were seen with TTP and
p,p�-DDT, o,p�-DDT, or p,p�-DDE
in any analyses.

Adjusted fORs for behavioral markers
of pesticide exposure are shown in Table
3; the four exposure variables were in-
cluded in a single model to examine
independent effects of maternal occupa-
tional, paternal occupational, and home
exposures. Maternal work in agriculture
was associated with reduced fecundabil-
ity (fOR � 0.8, 95% CI: 0.6 to 1.0), but
paternal work in agriculture was not
(fOR � 1.1, 95% CI: 0.9 to 1.5). Re-
duced fecundability was also observed if
pesticides were applied in the home
(fOR � 0.6, 95% CI: 0.4 to 0.9) and if
the home was located within 200 ft of an
agricultural field (fOR � 0.7, 95% CI:
0.5 to 1.0).

We conducted additional sensitiv-
ity analyses to determine whether the
findings persisted under different
conditions. Figure 1 shows the fOR
and 95% CI for maternal occupa-
tional pesticide exposure: in the main
model (a), when women who were
using contraception were included in
the sample (b to e), when the censor-
ing cut point was changed (f to h),
and when the sample was restricted
to primiparous women (N � 170) (i),
or to women actively trying to get
pregnant (N � 210) (j). For the most
part, maternal occupational exposure
continued to be associated with de-
creased fecundability, with a statisti-

cally significant fOR of 0.8 or less.
Similarly, sensitivity analyses showed
that findings of reduced fecundability
associated with home pesticide appli-
cation and residence near a field were
robust under different conditions. Pa-
ternal occupational exposure was not
associated with TTP in any analyses.
Adding frequency of intercourse to
final models did not change observed
associations and was not itself associ-
ated with TTP (not shown). In addi-
tion, no associations were observed in
models using DDT and DDE values
unadjusted for lipids or adjusting for
lipids separately in the model.

Discussion
In an immigrant, farmworker com-

munity, we found increased TTP
among women with potential occu-
pational exposure to pesticides, who
had pesticides used in their homes,
and who lived within 200 ft of an
agricultural field. Paternal occupa-
tional pesticide exposure was not
associated with TTP. Maternal levels
of p,p�-DDT, o,p�-DDT, and p,p�-
DDE were also unassociated with
TTP.

Our DDE findings are consistent
with those of Law et al19 who found
no association between maternal
DDE and TTP in 390 women preg-
nant between 1959 and 1965. Axmon
et al18 found no association between
maternal DDE and TTP among
women in three European cohorts,
but found reduced fecundability with
higher DDE exposure in a population
of 497 Inuit women from Greenland.

TABLE 2
Association Between Maternal DDT
and DDE Levels (log10 Transformed)
and Time to Pregnancy, CHAMACOS
Study, 1999–2000 (N � 289)

fOR* 95% CI

p,p�-DDT 0.96 0.79–1.18
p,p�-DDE 0.91 0.68–1.22
o,p�-DDT 0.98 0.79–1.21

*Models adjusted for maternal age, irreg-
ular menstrual cycle, hormonal contracep-
tive use in previous year, breastfeeding in
previous 2 mo, history of gynecologic con-
ditions, caffeine consumption, years of res-
idence in the United States, maternal and
paternal occupational exposure, home pes-
ticide use, proximity of home to agricultural
fields, and whether the couple was trying to
become pregnant.

TABLE 3
Association of Maternal and Paternal Markers of Pesticide Exposure With Time
to Pregnancy, CHAMACOS Study, 1999–2000 (N � 402)

fORa 95% CI

Mother worked in agriculture 0.76 0.59–0.99*
Father worked in agriculture 1.13 0.85–1.49
Pesticides used in home 0.64 0.43–0.94*
Lived �200 ft from agricultural field 0.69 0.48–0.99*

*P � 0.05.
aModels adjusted for maternal age, irregular menstrual cycle, hormonal contraceptive use

in previous year, breastfeeding in previous 2 mo, history of gynecologic conditions, caffeine
consumption, years of residence in the United States, and whether the couple was trying to
become pregnant.
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Nevertheless, the DDE findings in
the Inuit population might be attrib-
utable to polychlorinated biphenyls,
which were highly correlated to
DDE and also associated with re-
duced fecundability in that popula-
tion. Although DDE levels in our
study population were lower than
those from the early 1960s, they
were higher than any of the cohorts
studied by Axmon et al. Although
other studies have found elevated
DDT or DDE levels to be associated
with shorter menstrual cycles,13,14

decreased progesterone and estrogen
levels,14,15 and increased risk of
early fetal loss,16 this did not trans-
late to overall decreased fecundabil-
ity in our population.

Three previous studies have found
markers of paternal exposure to cur-
rently-used pesticides to be associ-
ated with increased TTP.20,21,38 In
two,21,38 reduced fecundability was
not seen with paternal work in green-

houses in general, but was under
specific circumstances: Bretveld et al
reported decreased fecundability only
among male greenhouse workers with
primiparous partners and, Sallmen et al
found decreased fecundability only
among male greenhouse workers who
reported exposure to pyrethroid pesti-
cides. Nevertheless, several studies, in-
cluding the current study, have found no
association with paternal work in agri-
culture.23–26 A limitation of the current
study is that male pesticide exposure
information was ascertained by inter-
viewing the female partner. Neverthe-
less, it is likely that she would know the
answer to broad questions, such as
whether her partner was working in ag-
ricultural fields.

Our finding that potential maternal
occupational exposure, largely
through work in agriculture, was as-
sociated with decreased fecundabil-
ity is consistent with findings in two
previous TTP studies conducted

among female greenhouse workers
in Denmark27 and Colombia.28 Al-
though women are generally less
likely to be involved in direct spray-
ing than men, female greenhouse
workers and agricultural field work-
ers often enter the area following
pesticide application and may have
considerable “reentry” exposure
through handling plants and breath-
ing contaminated air. Thus, like our
study, these two studies represent
women with high potential for a
wide variety of pesticide exposures.

The term pesticide encompasses
many different compounds with dif-
fering modes of action. Women par-
ticipating in this study were unable
to identify specific pesticides that
were used in their jobs or their
homes. Nevertheless, the most
widely used agricultural pesticides in
this region include almost 4 million
pounds per year of soil fumigants
(including methyl bromide and chlo-
ropicrin), 500,000 pounds per year of
organophosphates (including diazi-
non, malathion, and chlorpyrifos),
and 300,000 pounds per year of di-
thiocarbamate fungicides (primarily
maneb).39 Comparison with previous
studies, generally conducted with
greenhouse workers, is difficult as
few studies report specific pesticides.
Nevertheless, Ividro et al28 report
considerable use of dithiocarbamates
in the Colombian floriculture indus-
try where maternal greenhouses
work was also associated with longer
TTP. In contrast, the home pesticides
used in this cohort were primarily
pyrethroids, which were found to be
present in 31% of the homes in this
cohort.40 Despite the different for-
mulations, we found longer TTP as-
sociated with reported exposure to
both home use and agricultural use
of pesticides.

This study used biological measures
of exposure to the persistent pesticide,
DDT, but not to current-use pesticides.
Because of the long half-life of DDT and
DDE, measures of these compounds in
blood collected during pregnancy were
considered good indicators of levels dur-
ing the TTP period. In contrast, most

Fig. 1. Adjusted fOR (points) and 95% CI (lines) for association of maternal work in
agriculture with time to pregnancy, according to various sensitivity analyses (time to pregnancy
is censored at 13 months unless otherwise specified). Models: (a) main population (N � 402);
Contraceptive use and inclusion of contraceptive failures: (b) main � all pregnancies resulting
from contraceptive failure (time to pregnancy � 0) (N � 570), (c) main � contraceptive failure
with irregular contraceptive use (time to pregnancy � duration of irregular use/2) (N � 447), (d)
main � contraceptive failure with regular contraception use (time to pregnancy � 0) (N � 528),
(e) main � all contraceptive failure (time to pregnancy � 0 or duration/2) (N � 570); Censoring:
(f) main, censored at 7 months (N � 402), (g) main, censored at 10 months (N � 402), (h) main,
censored at 15 months (N � 402); Limiting the data set: (i) limited to primiparas (N � 170), (j)
limited to those actively trying (N � 210).
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pesticides currently used in the study
area are nonpersistent compounds that
are used intermittently and stay in the
body for only a few days.41 Although we
measured urinary metabolites of organo-
phosphate and other pesticides during
pregnancy, these levels were highly vari-
able over the course of pregnancy and
were not included in this analysis be-
cause they cannot accurately reflect ex-
posure in the TTP period. In addition,
over 200 pesticides are registered for use
in this agricultural region,42 many of
which cannot be measured in biological
matrices.43 Thus, self-reported informa-
tion on agricultural work, pesticide ap-
plication, and proximity to agricultural
fields was considered the best available
marker of total pesticide exposure for the
relevant time period. Previous studies in
this population have found that work in
the fields is associated with urinary or-
ganophosphate pesticide metabolites on
a short-term basis44 and that maternal
work in agriculture and living near agri-
cultural fields were associated with
higher levels of urinary pesticide metab-
olites in infants and toddlers (in prepara-
tion), suggesting that these behavioral
markers are valid proxies of pesticide
exposure.

Although work in agriculture or
with pesticides may be associated
with higher pesticide exposure, they
may also be proxies for other factors
associated with fecundability. Women
working in agriculture were more
likely to be recent immigrants from
Mexico with low educational attain-
ment. Nevertheless, recent immigrants
had increased fecundability, on an av-
erage, so this does not explain the
reduced fecundability associated with
agricultural work. Women working in
agriculture also had lower frequency
of intercourse than other women, but
frequency of intercourse was not asso-
ciated with TTP, and including fre-
quency of intercourse in the models
did not change the associations of pes-
ticide-related behaviors and fecund-
ability. Nevertheless, it is possible
that other unmeasured factors asso-
ciated with work in agriculture or
exposure to pesticides are actually

responsible for the observed de-
crease in fecundability.

This study is a cross-sectional
study of TTP, because women were
recruited early in pregnancy and
asked about exposures in the recent
period before conception.17 An ad-
vantage of this study design over
retrospective studies is that recall
time was short and was similar for all
women. All pregnancies occurred in
the years 1999 and 2000, eliminating
the problem of time trends in fertil-
ity, contraceptive use, or abortion
that can plague retrospective studies
asking about pregnancies occurring
years, or even decades, earlier. A
disadvantage of this study design is
that only pregnant women were eli-
gible for participation, resulting in an
under-representation of infertile and
subfertile couples. Nevertheless, ex-
cluding these couples would likely
underestimate the true effect of an
exposure, biasing the findings to-
ward the null.

This study differed from prospec-
tive studies in that it was not limited
to couples actively trying to con-
ceive. Only 50% of the study popu-
lation was actively trying to become
pregnant, suggesting that prospective
studies in this population could result
in considerable selection bias. Sensi-
tivity analyses showed that the find-
ings persisted when the sample was
expanded to include couples experi-
encing contraceptive failures. The
findings also persisted when the
sample was limited to couples ac-
tively trying and to primiparous
women with untested fertility.

A concern in this study was that
the finding of decreased fecundabil-
ity among women with potential oc-
cupational pesticide exposure might
actually reflect a “reproductively un-
healthy worker effect.” More fertile
women might be more likely to have
young children and thus be less
likely to be working. Nevertheless,
we found no evidence that work in
general, as opposed to agricultural or
pesticide-related work, was associ-
ated with fecundability in this study.
Furthermore, increased TTP was as-

sociated with pesticide use in the
home and proximity to agricultural
fields, in addition to maternal occu-
pational exposure.

This study included women from a
culturally homogeneous population
with sufficient variability in employ-
ment, pesticide use, proximity to
fields, and DDT/DDE exposure that
we did not need to use external
controls. We found no association be-
tween maternal DDT or DDE exposure
and TTP, but did find associations be-
tween maternal pesticide-related expo-
sures at work and home and TTP. This
study could be improved by prospec-
tively measuring biomarkers of current
use pesticides during the TTP period.
Nevertheless, such a study would be
limited by the need for repeated mea-
surements because of strong daily vari-
ability in exposure, a lack of available
biomarkers for many pesticides, and the
need for a highly motivated population,
possibly introducing selection bias.
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