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ABSTRACT

Objectives. Approximately 13% of all births occur prior to 37 weeks gestation 
in the U.S. Some established risk factors exist for preterm birth, but the etiol-
ogy remains largely unknown. Recent studies have suggested an association 
with environmental exposures. We examined the relationship between preterm 
birth and exposure to a commonly used herbicide, atrazine, in drinking water.

Methods. We reviewed Kentucky birth certificate data for 2004–2006 to collect 
duration of pregnancy and other individual-level covariates. We assessed 
existing data sources for atrazine levels in public drinking water for the years 
2000–2008, classifying maternal county of residence into three atrazine expo-
sure groups. We used logistic regression to analyze the relationship between 
atrazine exposure and preterm birth, controlling for maternal age, race/ethnic-
ity, education, smoking, and prenatal care.

Results. An increase in the odds of preterm birth was found for women resid-
ing in the counties included in the highest atrazine exposure group compared 
with women residing in counties in the lowest exposure group, while control-
ling for covariates. Analyses using the three exposure assessment approaches 
produced odds ratios ranging from 1.20 (95% confidence interval [CI] 1.14, 
1.27) to 1.26 (95% CI 1.19, 1.32), for the highest compared with the lowest 
exposure group.

Conclusions. Suboptimal characterization of environmental exposure and 
variables of interest limited the analytical options of this study. Still, our find-
ings suggest a positive association between atrazine and preterm birth, and 
illustrate the need for an improved assessment of environmental exposures to 
accurately address this important public health issue. 
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Preterm birth is an important public health problem 
in the United States, with approximately 13% of all 
births occurring prior to 37 weeks gestation.1 Preterm 
birth is associated with excess infant morbidity and 
mortality.2–7 Preterm infants who survive the neonatal 
period are more likely to require special medical and 
educational attention in the future.4,6 Established risk 
factors for preterm births include low socioeconomic 
status, black race/ethnicity, and maternal smoking.8 
Other toxicology research demonstrates that environ-
mental contaminants may act as endocrine disruptors 
and play a role in fetal development and consequently 
preterm birth.9

Atrazine (6-chloro-N-ethyl-N-(1-methylethyl)-1,3,5-
triazine-2,4-diamine), a triazine, is an herbicide used 
worldwide to control broadleaf and grassy weeds. 
Triazines in general are considered to be endocrine 
disrupters,10 and current research shows that atrazine 
exposure may pose a threat to human health, with 
drinking water providing the most widespread route 
of exposure.11 The U.S. Environmental Protection 
Agency (EPA) estimates that approximately 76.5 mil-
lion pounds of atrazine are applied annually within the 
United States, making it one of the most widely used 
herbicides in the country.12,13 Atrazine is most com-
monly applied to corn, sugarcane, and sorghum crops, 
but is sometimes used for other crops, maintenance 
of golf courses, rangeland, forests, and recreational 
areas, as well as near high-voltage power lines. Due 
to the direct application of atrazine to crops, there is 
opportunity for the substance to contaminate soil and, 
consequently, water sources via runoff.14,15 Atrazine’s 
primary degradation can occur through soil bacteria 
and abiotic processes with an environmental half-life 
of a few weeks to several months.16 Atrazine is trans-
ported to bodies of water by runoff from fields, which 
is a concern when those water bodies happen to be 
sources of drinking water.

Myriad animal studies have reported links between 
atrazine and a wide range of adverse health effects, 
including reproductive outcomes and cancer.10,14,17 
Based on the available evidence, the European Union 
banned the use of atrazine in 2004.18 In the U.S., the 
EPA conducted a reassessment of atrazine in 2003 and 
concluded that “there is a reasonable certainty that 
no harm will result to the general U.S. population, 
infants, children, or other major identifiable sub-
groups of consumers from aggregate exposure (from 
food, drinking water, and nonoccupational sources) 
to cumulative residues of atrazine and the other chlo-
rinated triazine pesticides,” and atrazine and atrazine 
products were deemed eligible for re-registration and 
use as herbicides.19 The EPA does continue to classify 

atrazine as a restricted-use pesticide, thus mandating 
that all public drinking water supplies maintain a level 
below the maximum contaminant level (MCL) of 3 
micrograms per liter (µg/L).14,20 

Few studies regarding the consequences of human 
exposure to relatively low levels of atrazine exist, and 
those that do rely solely on ecologic-level data that do 
not allow for the determination of individual-level expo-
sures.10–12,21–29 Additionally, the quality of the exposure 
data remains in question as the regulations for testing 
public water sources differ based on characteristics of 
the water system, and there is no consistent monitoring 
of atrazine contamination of private wells or other water 
sources. Although using the data currently available 
is problematic in many ways, it represents the current 
state of our knowledge and illustrates the need for col-
lecting more accurate data regarding population-wide 
exposure to atrazine or other contaminants. 

We examined the existing data to see if evidence 
exists for a relationship between exposure to levels 
of atrazine found in drinking water and preterm 
birth and, if so, to encourage further epidemiologic 
investigation.

METHODS

We used a cross-sectional design to examine already 
existing data sources. Levels of atrazine detected in pub-
lic drinking water were determined for each county in 
Kentucky. Birth outcomes and covariates were assessed 
at the individual level using birth certificate data. 

Kentucky has a population of approximately 4.2 mil-
lion people distributed across 120 counties.30 During 
the three-year period 2004–2006, the state recorded 
168,792 live births, with 154,447 being singleton births 
to women who were current residents of the state. Of 
the study population, 98.3% reported their race or 
ethnicity to be non-Hispanic white, non-Hispanic black, 
or Hispanic. As race is a major risk factor for preterm 
birth, the small proportion (1.7%) of individuals who 
did not identify as one of these racial or ethnic groups 
were excluded from further analyses due to small 
numbers, leaving 151,784 births.

Many differences exist between the state’s Appa-
lachian region, found predominantly in Eastern 
Kentucky, and the population residing in Western 
Kentucky. The Appalachian/Eastern Kentucky region 
does not depend greatly on agriculture, relies quite 
heavily on private well water sources, which are not 
subject to the EPA’s drinking water regulations, and 
has a lower socioeconomic status and higher rates of 
important risk factors for preterm birth. As a result of 
these important regional differences, the Appalachian 
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region was excluded from the final study population. 
Additionally, to better control for race and urban 
residence, we excluded Fayette and Jefferson counties, 
which include the major urban centers of Lexington 
and Louisville, respectively, and in which most people 
belonging to racial/ethnic minority groups (a relatively 
low percentage of the population in Kentucky) reside. 
After all exclusions, the final eligible study population 
consisted of 71,768 singleton, live births.

The EPA requires public water supply companies to 
test drinking water supplies quarterly for the presence 
of atrazine in a one-year period.20 Under the Safe Drink-
ing Water Act, community water systems are required 
to monitor for atrazine and maintain sampling levels 
below the MCL of 3 µg/L.31 If atrazine is detected at 
levels greater than 1 µg/L, the company is required 
to continue to test its supply quarterly. Alternatively, if 
atrazine measurements are below the detectable limit, 
the company may follow protocol dependent on the 
size of the population served to test less than quarterly.20

We obtained from the Kentucky Division of Water 
the measured atrazine levels in public, community 
drinking water supplies from 2000–2008 and the 
method used to test each sample, as well as the county 
and population served. The Kentucky Geological 
Survey (KGS) has sampled a select number of private 
drinking water sources, but there is no consistent 
monitoring or sampling conducted. We obtained avail-
able KGS data for private wells within the state. The 
KGS data showed that private drinking water sources 
exhibited slightly higher levels of atrazine compared 
with public water sources; however, the highest levels 
in private water were found in the same counties that 
had the highest levels in public water. Additionally, most 
counties in Western Kentucky report that a majority 
of their residents use public water. Therefore, we used 
only public water data to assign exposure to atrazine 
from drinking water in each county.

We derived mean atrazine levels for each county. 
Using the population served by each water system, 
we determined population-weighted means for coun-
ties served by multiple water systems. We included 
all samples available from 2000–2008, as an unequal 
number of samples were available for each water sup-
plier, and restricting the data to the study period would 
have caused some counties to have very few samples. 

Outcome assessment
We determined gestational age using birth certificate 
records obtained from the Vital Statistics Branch of the 
Division of Epidemiology and Health Planning at the 
Kentucky Department for Public Health. We calculated 
gestational age from the mother’s reported date of last 

menstrual period (LMP) and the infant’s date of birth. 
If the mothers’ estimated date of LMP was not present 
or the calculated gestational age was greater than 42 
weeks, rendering the date of LMP improbable, the 
clinical estimation of gestational age was substituted. 
We defined preterm birth as a birth occurring before 
37 completed weeks gestation.32

Demographic and health-related covariates
We assessed important covariates at the individual 
level using the birth certificate records. We exam-
ined maternal factors including age, race/ethnicity, 
education, rural or urban residence, marital status, 
smoking and alcohol consumption during pregnancy, 
parity, gestational hypertension and diabetes, previous 
preterm births, and infant factors, including delivery 
by Cesarean section and birthweight. We grouped 
maternal age into three categories (,20 years, 20–34 
years, and $35 years of age), education into two cat-
egories (,high school and $high school diploma), 
and parity into nulliparous (i.e., having no previous 
births) and parous (i.e., having had at least one pre-
vious birth) women. We used the 2003 Rural-Urban 
Continuum Codes to classify county of residence into 
three groups: (1) counties in a metropolitan area, (2) 
nonmetropolitan counties with an urban population 
.2,500, and (3) nonmetropolitan counties with an 
urban population ,2,500.33 In addition, we assessed 
the adequacy of prenatal care using the Kessner scale, 
which considers the trimester in which prenatal care 
began and the number of prenatal visits reported, creat-
ing four groups: adequate, intermediate, inadequate, 
and unknown.34

Statistical methods
Because the EPA monitors atrazine in drinking water 
and levels are generally low, a large proportion (90%) 
of the readings was reported as below the limit of detec-
tion (LOD) of the respective tests used. To account for 
the large amount of readings ,LOD, we examined the 
results produced using three methods.

Method 1. We substituted the value of zero for all read-
ings recorded as ,LOD.

Method 2. Based on information included in the 
water database, we found that different laboratories 
had used three distinct water-testing methods. Each 
method had a different LOD: the EPA 507 method 
had an LOD of 0.015 µg/L, the EPA 508.1 method 
had an LOD of 0.003 µg/L, and the EPA 525.2 method 
had an LOD of 0.081 µg/L. For all values recorded 
as ,LOD, we substituted one-half of the LOD of the 
respective test used. In addition, a few readings were 
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recorded generally as “gas chromatographic” or as an 
unspecified method. In these cases, we assigned the 
value of the lowest LOD. This method may have had 
the unintended effect of introducing a bias, so that 
areas using a testing method with a higher LOD were 
assigned a higher level of atrazine for measurements 
recorded as ,LOD.

Method 3. As a way to avoid the bias described in 
Method 2, we substituted one-half of the lowest LOD 
(i.e., one-half of 0.003, or 0.0015 µg/L) of the three 
testing methods used for all results recorded as ,LOD.

We present the results of all three analyses in this 
article. For each method, we first calculated the mean 
atrazine level for each water company. Because more 
than one company could serve a county, but water 
companies did not serve multiple counties, we then 
calculated the population-weighted mean level of 
atrazine by county using the mean level of atrazine 
for each company and the population served by each 
company. Counties were grouped into three exposure 
levels based on the distribution of the data (Table 1). 
Maternal atrazine exposure was consequently deter-
mined based on the maternal county of residence as 
recorded on the birth certificate.

We used logistic regression to assess the relation-
ship between exposure to atrazine via drinking water 
and preterm birth. A full model was fit including all 
potential confounders. We also examined effect mea-
sure modification by season of birth in two ways. We 
included an interaction term between the atrazine 
exposure and birth month, and also explored an 
interaction between birth quarter and atrazine expo-

sure. We used a backward elimination approach to fit 
the model.35 No interaction term was significant, and 
none was retained. Covariates were included based on 
previous literature or if their exclusion caused a 10% 
or greater change in the coefficient of interest.35 The 
final model included six categorical variables (atrazine 
exposure level, maternal age, maternal race, maternal 
education, prenatal care, and maternal smoking). In 
addition, we conducted a mixed-model analysis to 
account for county-level effects. This analysis produced 
similar results to the logistic regression and, therefore, 
we did not report the results of the mixed models 
in this article. We performed all analyses using SAS® 
version 9.1.36 

RESULTS

The Kentucky Division of Water database had 1,408 
atrazine measurements from 142 public water supplies 
in the counties included in this study. The number 
of measurements per water supply ranged from one 
to 49, with a median number of seven measures per 
water supply. Samples ranged from ,LOD to 8.9 µg/L 
(Table 2). A total of 56 readings in 17 counties had 
measurements .1 µg/L and five readings in four 
counties had measurements $3 µg/L. Atrazine levels 
were highest in April–June. 

Of the 71,768 births included in the study, a majority 
of the mothers were non-Hispanic white (89.6%) and 
had completed at least a high school education (79.5%) 
(Table 3). In addition, most were married (64.7%) 
and parous (59.6%). The reported maternal smoking 

Table 1. Cut points used to determine categories for three methods of atrazine exposure classification  
in a study of atrazine exposure in public drinking water and preterm birth in central and western Kentucky

Classification

Method 1a Method 2b Method 3c

Exposure  
category

Number of births 
(n571,768) 
N (percent)

Exposure  
category

Number of births 
(n571,768) 
N (percent)

Exposure  
category

Number of births 
(n571,768) 
N (percent)

Low µ,LOD  
(µ 5 0 µg/L)

32,846 (45.8) µ#0.0405 µg/L 37,886 (52.8) µ#0.0015 µg/L 26,824 (37.4)

Moderate 0,µ 
µ,0.0810 µg/L

20,700 (28.8) 0.0405,µ 
µ,0.1051 µg/L

16,267 (22.7) 0.0015,µ  
µ,0.0804 µg/L

27,119 (37.8)

High µ$0.0810 µg/L 18,222 (25.4) µ$0.1051 µg/L 17,615 (24.5) µ$0.0804 µg/L 17,825 (24.8)

aAll values recorded as ,LOD replaced with 0 µg/L
bAll values recorded as ,LOD replaced with one-half of the LOD of the respective test
cAll values recorded as ,LOD replaced with one-half of the lowest LOD

µ 5 mean 

LOD 5 limit of detection

µg/L 5 microgram per liter
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Table 2. Description of atrazine levels reported in public water samples between 2000 and 2008,a  

in a study of atrazine exposure in public drinking water and preterm birth in central and western Kentucky

Time period reported

Number 
of atrazine 

measurementsb
Mean 6 SD 

(µg/L)

Minimum 
concentration 

(µg/L)

Maximum 
concentration 

(µg/L)

Number of 
measurements 

$1 µg/L

Number of 
measurements 

$3 µg/L

Total 1,408 0.11 6 0.49 0 8.90 56 5

January–March    353 0.01 6 0.17 0 3.12   1 1
April–June    381 0.22 6 0.68 0 6.70 29 3
July–September    397 0.15 6 0.57 0 8.90 22 1
October–December    277 0.03 6 0.20 0 2.25   4 0

aMean, SD, and minimum and maximum concentrations are provided for Method 1. 
bData are from the Kentucky Division of Water database.

SD 5 standard deviation

µg/L 5 microgram per liter

rate was high (32.1%), while the reported alcohol con-
sumption was low (0.6%). A majority of mothers had 
an adequate level of prenatal care (64.2%); however, 
21.1% had an unknown level of prenatal care. The 
mean weight of the infants was 3,310.2 6 559.6 grams 
and their mean gestational age was 38.4 6 2.4 weeks. 
Approximately 12.4% of births qualified as preterm.

We further examined the relationship between 
covariates and birth outcomes of interest through 
bivariate analysis (Table 4). Mothers younger than 20 
years of age and those with less than a high school 
education demonstrated elevated proportions of pre-
term birth compared with women older than 20 years 
of age and those who had a high school diploma or 
higher level of education. Non-Hispanic black mothers 
had the highest proportion of preterm birth (16.7%). 
Mothers who reported smoking had higher proportions 
of preterm birth (14.0%) compared with mothers who 
did not report smoking (11.7%). Those who had an 
adequate level of prenatal care also reported lower 
proportions of preterm birth (10.4%) than those with 
inadequate prenatal care (17.6%) or intermediate 
care (26.1%).

We performed a logistic regression analysis to deter-
mine the relationship between atrazine exposure level 
and preterm birth while controlling for important 
covariates. The three exposure classification methods 
resulted in similar results (Table 5). We calculated 
adjusted odds ratios (AORs) ranging from 0.90 (95% 
confidence interval [CI] 0.85, 0.95) to 1.02 (95% CI 
0.96, 1.09) for mothers residing in moderate-exposure 
counties compared with those residing in low-exposure 
counties. For mothers residing in high-exposure coun-
ties, we calculated AORs ranging from 1.20 (95% CI 
1.14, 1.27) to 1.26 (95% CI 1.19, 1.32) compared with 
mothers residing in low-exposure counties.

Table 3. Maternal and infant characteristics for births 
(n=71,768) occurring between 2004 and 2006, in a 
study of atrazine exposure in public drinking water 
and preterm birth in central and western Kentucky

Variable N Percent

Maternal age (in years)
  ,20 6,417 8.9
  20–34 56,197 78.3
  $35 9,154 12.8

Maternal race/ethnicity
  Non-Hispanic white 64,336 89.6
  Non-Hispanic black 4,302 6.0
  Hispanic 3,130 4.4

Maternal education level
  ,High school diploma 14,319 20.0
  $High school diploma 57,063 79.5
  Unknown 386 0.5

Rural/urban residence
  County in metropolitan area 45,699 63.7
  Nonmetropolitan county, urban 
    population .2,500

17,463 24.3

  Nonmetropolitan county, urban 
    population ,2,500

8,606 12.0

Marital status
  Married 46,402 64.7
  Not married 25,357 35.3
  Unknown 9 0.0

Maternal smoking
  Yes 23,062 32.1
  No 48,696 67.9
  Unknown 10 0.0

Maternal alcohol consumption
  Yes 392 0.6
  No 71,274 99.3
  Unknown 102 0.1

continued on p. 77
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Few published studies have examined the relation-
ship between exposure to atrazine in humans and 
adverse birth outcomes. Savitz et al. conducted a 
study examining paternal exposure to triazines among 
other exposures and several reproductive outcomes.26 
They found that men reporting yard use of atrazine 
demonstrated elevated odds of having a child that was 
born preterm (OR54.9, 95% CI 1.6, 14.5) compared 
with men not reporting exposure. The results of the 
present study are consistent with the findings from a 
study conducted in France by Villanueva et al., which 
suggested a possible, but not statistically significant, 
association between levels of atrazine in municipal 
drinking water and preterm birth. However, Villa
nueva et al. included a much smaller study sample, 
which may have interfered with the precision of the 
results.11 A study by Munger et al. conducted in Iowa 
did not find an association between atrazine exposure 
via drinking water and preterm birth, but did report 
an association with an increase in rates of intrauterine 
growth retardation.25 

Similarly, a recently published study conducted in 
Indiana by Ochoa-Acuña et al. reported a positive 
association between atrazine exposure and small-for-
gestational-age births, but not with preterm birth.29 
Ochoa-Acuña et al. used a similar methodology to 
the present study; however, two important differences 
should be noted. The study population included in 
the Ochoa-Acuña et al. study had a preterm birth 
rate that was lower than the national average (7.4%), 
and most of the birth records (68.0%) were from one 
urban center. Conversely, Ochoa-Acuña et al. were 
able to present more detailed data on drinking water 
atrazine levels than were available in Kentucky.29 An 
association between exposure to atrazine or other 
pesticides and reproductive effects may work through 
many pathways. For example, a study of birth defects 
and levels of pesticides and nitrates in surface waters 
in the U.S. found elevations in the geometric mean 
atrazine exposure between April and June and a cor-
responding elevation in the overall rate of birth defects 
in pregnancies conceived during these months.37 Many 
of these birth defects may contribute to preterm birth; 
thus, it is possible that these two issues may be related.

Limitations
In our study, the main limitation was in the exposure 
assessment. Misclassification of exposure status may be 
present for several reasons. The monitoring of atrazine 
levels in drinking water supplies is inconsistent and 
varies among water systems, providing a poor picture 
of levels of atrazine present in drinking water. Specifi-
cally, in our study we noted a reduction in samples 

Table 3 (continued). Maternal and infant 
characteristics for births (n=71,768) occurring 
between 2004 and 2006, in a study of atrazine 
exposure in public drinking water and preterm birth 
in central and western Kentucky

Variable N Percent

Prenatal care
  Adequate 46,045 64.2
  Intermediate 4,918 6.9
  Inadequate 5,661 7.9
  Unknown 15,144 21.1

Parity
  Nulliparous 28,977 40.4
  Parous 42,768 59.6
  Unknown 23 0.0

Gestational hypertension
  Yes 164 0.2
  No 71,595 99.8
  Unknown 9 0.0

Gestational diabetes
  Yes 3,268 4.6
  No 68,491 95.4
  Unknown 9 0.0

Infant gender
  Male 36,570 51.0
  Female 35,198 49.0

Preterm birth
  Yes 8,915 12.4
  No 62,771 87.5
  Missing 82 0.1

Mean birthweight  
  (in grams) (SD)

71,699a 3,310.2 
(6559.6)

Mean gestational age
  (in weeks) (SD) 71,686b 38.4 (62.4)

aBirthweight was missing for 69 infants.
bGestational age was missing for 82 infants.

SD 5 standard deviation

DISCUSSION

We explored the relationship between preterm birth 
in the western region of Kentucky between 2004 and 
2006 and exposure to atrazine via public drinking water 
using existing data. We found an increase in odds of 
preterm birth for mothers residing in counties in the 
highest exposure category compared with the lowest 
exposure category using three distinct exposure clas-
sification methods while controlling for maternal age, 
maternal race/ethnicity, maternal education, prenatal 
care, and maternal smoking. However, we found no 
elevation and, with Method 2, a slight reduction, in 
the odds of preterm birth for those residing in coun-
ties with moderate levels of exposure compared with 
counties with low exposure. 
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Table 4. Characteristics of preterm births compared with term births occurring between 2004 and 2006,  
in a study of atrazine exposure in public drinking water and preterm birth in central and western Kentucky

    Preterm births (n58,915)a   Term births (n562,771)a

Variable Nb Percentc Nb Percentc

Maternal age (in years) 
  ,20 1,307 14.3 7,828 85.7
  20–34 6,753 12.0 49,389 88.0
  $35 855 13.3 5,554 86.7

Maternal race/ethnicity
  Non-Hispanic white 7,785 12.1 56,487 87.9
  Non-Hispanic black 716 16.7 3,575 83.3
  Hispanic 414 13.3 2,709 86.7

Maternal education
  ,High school diploma 2,113 14.8 12,173 85.2
  $High school diploma 6,717 11.8 50,307 88.2

Rural/urban residence
  County in metropolitan area 5,495 12.0 40,168 88.0
  Nonmetropolitan county, urban population .2,500 2,361 13.5 15,086 86.5
  Nonmetropolitan county, urban population ,2,500 1,059 12.4 7,517 87.7

Marital status
  Married 5,271 11.4 41,090 88.6
  Unmarried 3,644 14.4 21,672 85.6

Maternal smoking
  Yes 3,223 14.0 19,815 86.0
  No 5,689 11.7 42,955 88.3

Maternal alcohol consumption
  Yes 68 17.4 324 82.7
  No 8,825 12.4 62,374 87.6

Prenatal care
  Adequate 4,773 10.4 41,266 89.6
  Intermediate 1,284 26.1 3,633 73.9
  Inadequate 995 17.6 4,658 82.4
  Unknown 1,863 12.4 13,214 87.6

Parity
  Nulliparous 3,544 12.2 25,406 87.8
  Parous 5,364 12.6 37,355 87.4

Gestational hypertension
  Yes 35 21.3 129 78.7
  No 8,878 12.4 62,636 87.6

Gestational diabetes
  Yes 500 15.3 2,768 84.7
  No 8,413 12.3 59,997 87.7

Infant gender
  Male 4,754 13.0 31,777 87.0
  Female 4,161 11.8 30,994 88.2

aTotal n571,686, as gestational age was missing for 82 births. 
bNumber for preterm births may not total 8,915 and number for term births may not total 62,771 due to unknown or missing information for 
some variables.
cRow percentage based on numbers shown for each variable (does not include unknown or missing information).

taken in June, a month with peak atrazine levels. This 
finding could have led to an underestimation of mean 
atrazine levels. Additionally, seasonality of exposure 
could affect the results presented in this article either 

by masking or underestimating an effect. However, due 
to limitations in our data, we were unable to include a 
measure of seasonality in the analysis. Another reason 
for potential misclassification is that we determined 
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exposure level using maternal county of residence 
at the time of birth, with no information regarding 
levels of atrazine in the water at its point of use. We 
also did not have information regarding individual 
water intake or use of alternative water sources, such 
as bottled water. Systematic monitoring of atrazine in 
public and private drinking water and individual-level 
data concerning water consumption would produce a 
more accurate picture of exposure to atrazine through 
drinking water.

While classification of exposure may be affected for 
the reasons just discussed, it may also be affected by 
exposure through routes not measured in the present 
study. Even studies that attempt to measure individual 
exposure to atrazine through biomarkers must confront 
these issues of misclassification. For example, a study by 
Barr et al. determined that previous studies measuring 
atrazine mercapturate, a urinary metabolite, under
estimated exposure to atrazine, as several metabolites 

are required to present the full picture of exposure.38 
Our inability to measure atrazine exposure accurately, 
including all potential sources, may explain why we 
observed elevated levels of preterm birth at what appear 
to be relatively low levels of exposure.

CONCLUSIONS

The results presented in this article illustrate the need 
for more accurate data regarding population-wide 
exposure to commonly used pesticides such as atrazine. 
The study design and exposure assessment issues raised 
in this article indicate the need for further research 
with comprehensive sampling and survey methods for 
measuring the total bioavailability of atrazine through 
individual-level exposure assessment to better deter-
mine the true relationship between atrazine exposure 
and preterm birth.
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