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Abstract
Perchlorate is a commonly occurring environmental toxicant that may be transported across the
placental barrier by the sodium-iodide symporter (NIS), possibly resulting in both increased
perchlorate exposure and decreased iodide uptake by the fetus. Therefore, we measured levels of
three physiologically relevant NIS-inhibitors (perchlorate, nitrate and thiocyanate) and iodide in
maternal and fetal fluids collected during cesarean-section surgeries on 150 U.S. women. Geometric
means of perchlorate, thiocyanate and nitrate levels in maternal urine (2.90, 947 and 47900 µg/L,
respectively) were similar to previously published results, while urinary iodide levels (1420 µg/L)
were significantly higher (p<0.0001), likely because of prevalent prenatal vitamin use in the study
population (74%). Thiocyanate levels were higher in the maternal serum, cord serum, and amniotic
fluid of smokers compared to women with environmental tobacco smoke exposure and non-smokers
(p-values of 0.0006, p=0.0011, and 0.0026, respectively). Perchlorate was detected in most samples:
urine (100%), maternal serum (94%), cord serum (67%), and amniotic fluid (97%). Maternal urinary
perchlorate levels were positively correlated with perchlorate levels in amniotic fluid (r=0.57),
indicating that maternal urine perchlorate is an effective biomarker of fetal perchlorate exposure.
Maternal serum perchlorate was generally higher than cord serum perchlorate (median ratio 2.4:1
for paired samples), and maternal urine perchlorate was always higher than fetal amniotic fluid
perchlorate levels (mean ratio 22:1); conversely, iodide levels were typically higher in fetal fluids
compared to maternal fluids. We found no evidence of either disproportionate perchlorate
accumulation or lack of iodide in the fetal compartment. In this panel of healthy infants, we found
no association between cord blood levels of these anions and newborn weight, length and head
circumference.
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§The findings and conclusions in this report are those of the authors and do not necessarily represent the views of the Centers for Disease
Control and Prevention or the New Jersey Department of Environmental Protection.
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Supporting Information includes a brief description of population characteristics, sample collection, analytical methods and additional
tables and figures cited in the paper (Tables S1–S2 and Figures S1–S5). This material is available free of charge at http://pubs.acs.org.
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Introduction
Perchlorate (ClO4 −) is an inorganic anion used as an oxidant in solid rocket propellant, road
flares, explosives, and pyrotechnics (1). Perchlorate also can form naturally in the atmosphere
(2), leading to perchlorate accumulation in arid climates (3). This combination of human
activities and natural processes results in the widespread presence of perchlorate in the
environment (4). Perchlorate has been detected in drinking water from 35 different states and
2 territories (5). Perchlorate in irrigation water, soil, or some natural fertilizers results in
perchlorate accumulation in food and forage crops (4,6). Perchlorate can also form in aging
bleach solutions (7), although dilute bleach solutions sprayed on produce are unlikely to be a
major source of human exposure (8). Thus, the prevalence of trace levels of perchlorate in food
and water leads to widespread human exposure (9–10).

Environmental perchlorate exposure is of potential health concern because large doses of
perchlorate competitively inhibit iodide uptake (11–12). Nitrate (NO3 −) and thiocyanate
(SCN−) are two other iodide uptake inhibitors to which people are commonly exposed (13).
Although nitrate and thiocyanate have lower sodium-iodide symporter (NIS) binding affinities
than perchlorate, serum levels of thiocyanate and nitrate are likely to be higher than levels of
perchlorate (14). In vitro studies of human NIS indicate that perchlorate, nitrate, and
thiocyanate act additively to competitively inhibit iodide uptake (14). Therefore, quantification
of iodide, thiocyanate, nitrate, and perchlorate levels provides information about the current
likelihood of inhibition of iodide uptake. Sustained inhibition of iodide uptake could potentially
impair thyroid hormone production. Indeed, a large cross-sectional study found increased
urinary perchlorate levels were associated with decreased thyroxine and increased thyroid
stimulating hormone in women with urinary iodine <100 µg/L (15), with the strongest
associations in a subgroup with elevated thiocyanate levels (16).

NIS is expressed in human placenta (17), likely as a mechanism for active transport of iodide
to the fetus (18). Recent studies found that perchlorate is actively transported across membrane
barriers by NIS (19–20), raising the possibility of active transport of perchlorate, thiocyanate
and nitrate into the fetal compartment, and of potentially impaired iodide transport across the
placenta. By this mechanism, ubiquitous maternal exposure to perchlorate, nitrate and
thiocyanate (9) could results in fetal exposure and impaired iodide transport. Reduced fetal
iodide levels could impair fetal thyroid hormone production and possibly to reduced thyroid
hormone reserves at birth. Direct measurement of these toxicologically related anions in
maternal and fetal matrices is required for improved understanding of in utero exposure.

Fetal development is the life stage most sensitive to thyroid disruption (21–22). During
pregnancy the thyroid needs to produce more thyroxine, and increased thyroxine production
requires increased iodine intake (21). Therefore, the American Thyroid Association
recommends iodine supplementation for all pregnant women (23). Direct measurement of
perchlorate, nitrate, thiocyanate and iodide in maternal serum provide a snapshot of the relative
levels of these anions competing for transport by NIS at the thyroid, lactating breast and
placenta (14). Similar measurements in cord serum and amniotic fluid may provide information
about transport of NIS-inhibitors and iodide across the placenta (24–25). One study of iodine-
sufficient pregnant women exposed to perchlorate found no association between perchlorate
exposure and infant health (26), although exposure assessment was based only on maternal
measures. Improved in utero exposure assessment is needed because the National Academy of
Sciences defines fetal development and infancy as life stages potentially more sensitive to
perchlorate and other thyroid inhibitors (22), because of the crucial role of thyroid hormones
in the development of various organs, especially the brain. Maternal hypothyroidism may affect
fetal growth and neonatal thyroid function (21,27). However, no previous studies have
evaluated the relation between maternal and fetal exposures to iodine uptake inhibitors and
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impaired fetal growth. Therefore, we examined the relationship between levels of perchlorate,
nitrate, thiocyanate and iodide in maternal and fetal fluids in a panel of healthy mothers/
pregnancies. We also examined the association between cord blood levels of these anions and
newborn weight, length and head circumference.

Material and Methods
Study Participants

This prospective study reports the analysis of perchlorate, thiocyanate, nitrate and iodide as
part of a larger study examining a spectrum of environmental toxicants in maternal and fetal
compartments. The study was approved by the Institutional Review Boards of The University
of Medicine and Dentistry of New Jersey and Rutgers University under a cooperative
agreement with the Centers for Disease Control and Prevention (CDC). Subjects eligible for
recruitment included non-anemic women (hemoglobin ≥8 mg/dl) with singleton pregnancies
scheduled for an elective cesarean at term (≥37 weeks). We chose cesarean deliveries to
facilitate collection of amniotic fluid as an additional measure of fetal exposure. Subjects were
identified before admission, and the potential subjects’ physicians were asked for permission
to offer participation. Women were excluded if there was evidence of labor or rupture of
membranes at delivery. Additional exclusion criteria included maternal conditions such as
diabetes, hypertension and known thyroid dysfunction. All subjects were asked to fast starting
at bedtime the night before the surgery. Thus, the 150 study participants had not eaten for 8–
14 hours before sample collection and surgery. After enrollment and before placement of
intravenous and bladder catheters, subjects completed a brief questionnaire to provide data on
occupations, hobbies, and self-described tobacco smoke exposure.

Sample Collection
Maternal urine (MU) and blood (MB) samples were collected in the preoperative holding area
within an hour of surgery and before intravenous drip began. Amniotic fluid (AF) was collected
using an 18-gauge intravenous catheter sheath without the needle that was directly inserted
through the membranes. If the membranes ruptured prior to AF collection, the fluid gush was
collected into a sterile cup. Following fetal delivery the umbilical cord was clamped and 30–
60 ml of cord blood (CB) was aspirated directly from the umbilical vein, transferred into serum
separator tubes and processed immediately. All biological samples were stored at −70°C after
collection and processing (see Supporting Information for further details).

Quantification of Perchlorate, Thiocyanate, Nitrate and Iodide
The levels of perchlorate, nitrate, thiocyanate and iodide were measured in all matrices using
highly selective and sensitive methods coupling ion chromatography and tandem mass
spectrometry (23). Maternal urine was diluted with aqueous internal standards and analyzed
as previously described (28). Amniotic fluid was diluted with internal standards, filtered and
analyzed as described earlier (24). Maternal and cord blood serum was analyzed following
protein precipitation and solid phase extraction as previously described (29–30). All analytes
were quantified using stable isotope dilution and daily calibration curves. Each batch of
unknown samples also contained at least two pools of characterized quality control materials
and blank samples to assess method accuracy, precision and contamination. Urine specific
gravity was measured using a hand-held refractometer (National Instrument Company, Inc.,
Baltimore, MD), and this data was used to adjust for variable hydration of participants.

Statistical Analysis of Exposure Variables
Univariate analysis indicated that all analytes in all matrices were log-normally distributed.
Therefore, subsequent bivariate analysis compared log10-transformed data. The proportion of
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samples from each compartment with detectable levels of each analyte was assessed, as were
the median levels of each analyte. The levels of the four analytes in the four different matrices
were compared based on Pearson correlation coefficient (r). For the few samples that did not
contain measurable levels of perchlorate or thiocyanate, we imputed a value equal to the
detection limit divided by the square root of two. Comparison of NIS-inhibitors in maternal
blood with fetal iodide levels included the following potency factors based on an in vitro study
of NIS-mediated competitive transport: perchlorate, 1; thiocyanate, 1/15; nitrate, 1/240 (14);
these potency factors are based on a single in vitro study and thus include a degree of
uncertainty. We calculated a perchlorate equivalence concentration variable (PEC) by
summing the product of molar concentrations of each iodide uptake inhibitor and its
corresponding potency factor (14). The t-test was used to determine if potential exposure
modifiers affected measured levels of perchlorate and iodide, respectively. The Kruskal-Wallis
test was used to evaluate differences in thiocyanate levels in amniotic fluid, cord blood serum
and maternal blood serum collected from women with differing tobacco smoke exposure. All
analyses were conducted using SAS/STAT software (version 9.1.3).

Statistical Analysis of Neonatal Outcome Data
Because perchlorate can inhibit iodine uptake and thus might impact thyroid function and fetal
growth, we tested the hypothesis that increasing levels of perchlorate in cord blood (CB) would
be associated with decreased head circumference, birth weight, and length. Therefore, we
generated indicator variables based on quartiles of perchlorate concentration in CB. Using a
linear regression, we regressed birth weight against these CB perchlorate variables. We also
included maternal age (<30 years, 30–34, ≥35), body mass index at delivery (<25, 25–29, 30–
34, ≥35), and gravida (≤2 pregnancies, 3, ≥4) for adjustment. To examine whether a dose-
response relationship existed, we then performed a test for trend. These analyses were repeated
for head circumference and birth length associated with CB iodide, CB nitrate, CB thiocyanate,
and CB PEC.

Sensitivity Analysis
Thiocyanate is a marker of tobacco smoke exposure, and smoking is associated with decreased
fetal growth parameters (31–32). Therefore, we evaluated whether our effect estimates for CB
perchlorate, CB iodide, CB nitrate, and CB PEC were sensitive to adjustment for CB
thiocyanate levels, by including CB thiocyanate indicator variables in the same models
described previously. Since fetal growth is also associated with genetic factors (33), we tested
this by including race (whites and non-whites) as an effect modifier of these associations.

Results
Table S1 of the online Supporting Information lists the characteristics of the maternal and
neonatal study population. Nearly half (47%) of the mothers did not provide data on race; of
those who did, 78% were white. BMI >30 was seen in 57% of subjects (n=143). Eleven percent
of subjects were primiparous. Most study participants reported no current exposure to
environmental tobacco smoke (81%). Distributions of newborn birth weight, head
circumference and birth length are shown in Table S2.

Table 1 lists the distributions for perchlorate, thiocyanate, nitrate and iodide by matrix (also
see Supporting Information Figures S1–S4). Perchlorate was detected in most samples: urine
(100%), maternal serum (94%), cord serum (67%), and amniotic fluid (97%). Nitrate,
thiocyanate and iodide were detected in almost all samples, consistent with the adequate
sensitivity of the analytical methods.
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Perchlorate, nitrate and iodide levels were higher in maternal urine compared to other matrices.
Maternal serum perchlorate levels exceeded cord serum perchlorate levels for most of the
mother/child pairs (median ratio 2.4, inter-quartile range 1.1–4.6; Fig 1). Maternal serum
perchlorate levels were two times higher (mean 0.417 vs. 0.220 µg/L, p=0.037) than cord serum
perchlorate, with a higher detection rate as well (97% vs. 67%). Only iodide was consistently
lower in maternal blood serum compared to cord blood serum (median ratio 0.34, inter-quartile
range 0.22–0.61), although the highly skewed distribution had a mean maternal to child iodide
ratio of 0.97±2.0.

We assessed the effect of current tobacco smoke exposure on measured levels of perchlorate,
thiocyanate, nitrate and iodide. As shown in Table 2, smokers had higher thiocyanate levels
compared to non-smokers.

We evaluated the correlation of analyte levels across the four maternal and fetal matrices (Table
3). Maternal urinary perchlorate levels were positively correlated with matched newborn
perchlorate levels in amniotic fluid (r=0.57). When one outlying point was removed, the
correlation coefficient for perchlorate in urine and amniotic fluid increased to 0.92 (see
Supporting Information Figure S5). Similar correlation analysis for thiocyanate found that
thiocyanate levels in all matrices were positively correlated (r=0.60 to 0.94). Amniotic fluid
nitrate levels were positively correlated with nitrate levels in cord blood, maternal blood and
maternal urine (r=0.62, 0.41 and 0.58, respectively). Maternal urinary iodide levels were
positively correlated only with iodide levels in maternal serum (r=0.35).

We examined the relationship of maternal serum levels of NIS-inhibitors and cord blood levels
of iodide, and found no correlation between maternal serum concentrations of any of the NIS-
inhibitors and cord serum concentrations of iodide. Furthermore, we evaluated whether
increasing levels of CB perchlorate, thiocyanate, nitrate, iodide, and PEC were associated with
decreasing or increasing head circumference, birth weight, and birth length. CB levels of
perchlorate, thiocyanate, nitrate, and iodide were essentially uncorrelated. We did not find any
quartile of CB perchlorate to be associated with head circumference, decreased weight, or birth
length (Table 4). Further, there were no clear patterns of increasing/decreasing effect estimates
for increasing perchlorate quartile for any outcome. Increasing quartile of CB nitrate
concentration was associated with increasing head circumference, although the trend was not
statistically significant for any of the anions or PEC (Table 4).

We evaluated whether adjustment for CB thiocyanate concentration, a marker of tobacco
smoke exposure, would change the effect estimates reported above. Mothers who reported
smoking during pregnancy had a higher mean CB thiocyanate level (Mean ± SD = 4038 ± 3302
µg/L; n=9) than mothers who did not report smoking (899 ± 574 µg/L; n=117). However, there
was no change in the quartile-specific effect estimates (data not shown). We evaluated effect
modification of these associations by maternal race, and did not detect any. Compared to CB
perchlorate quartile 1, having a CB perchlorate in the 2nd quartile was associated with a
decrease in birth weight; however, higher quartiles of perchlorate were not associated with
changes in birth weight (Table 5). There was no clear trend of increasing or decreasing birth
weight, length, or head circumference associated with increasing quartile of CB anion level,
and none of the tests for trend was statistically significant (Table 5).

Discussion
This study provides novel data relevant to maternal and fetal perchlorate exposure in the
perinatal period. By measuring perchlorate and toxicologically related anions (thiocyanate,
nitrate and iodide) in maternal urine, maternal blood serum, cord blood serum and amniotic
fluid, we relate maternal exposure and fetal exposure. Perchlorate levels were much lower than
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iodide levels in all four matrices studied (Table 1). For example, geometric means of
perchlorate and iodide levels in maternal urine were 2.90 and 1420 µg/L, respectively. In vitro
experiments indicate that human NIS has a 30-fold higher affinity for perchlorate compared
to iodide (14). Therefore, based on the relative levels of perchlorate and iodide found in
maternal blood and urine, we would not expect inhibition of iodide transport into the fetal
compartment in these individuals at the time of the study.

No other published study has measured perchlorate, thiocyanate and nitrate in perinatal samples
collected from both maternal and fetal compartments. However, several studies have examined
these anions individually in either maternal or fetal matrices (9,26,29,34–36). For perspective,
we compared the levels of perchlorate, thiocyanate and nitrate found in maternal and fetal
compartments to levels found in other published studies. Geometric mean concentrations have
been published for urinary levels of these analytes in women of reproductive age in the general
U.S. population (9,34). Geometric means for urinary anion levels in our study are consistent
with these reference values for perchlorate (2.90 µg/L [this study] vs. 2.14 µg/L [reference
study]), thiocyanate (947 µg/L [this study] vs. 699 µg/L [reference study]), and nitrate (47,900
µg/L [this study] vs. 35,400 µg/L [reference study]). Geometric means for analytes in maternal
blood serum in our study are also consistent with control population data from a study of Israeli
adults (29): perchlorate (0.246 vs. 0.440 µg/L), thiocyanate (899 vs. 1067 µg/L), and nitrate
(2425 vs. 4660 µg/L), for our study and the published study (29), respectively. Geometric mean
concentrations for analytes in amniotic fluid in our study are consistent with data from 48 U.S.
women undergoing second trimester amniocentesis (24): perchlorate (0.144 vs. 0.180 µg/L),
thiocyanate (168 vs. 89 µg/L), and nitrate (2156 vs. 1620 µg/L). We extrapolated perchlorate
dose based on existing methods (37) and maternal blood perchlorate levels; the resulting
median perchlorate dose was 0.094 µg/kg/day, well below the EPA reference dose (RfD) of
0.7 µg/kg/day, and consistent with previous estimates of the median perchlorate dose (0.064
µg/kg/day) in U.S. adults (9). Thus the perchlorate levels we found in all matrices are consistent
with previously reported background exposure levels for adults from developed countries.

Administration of intravenous fluids (~1 liter), immediately prior to surgery may dilute analytes
in physiological fluids. In our study, maternal blood and urine samples were not affected
because they were collected prior to infusion of fluids; however, the fetal blood and amniotic
fluid were likely diluted by this effect. Infusion of 1 liter intravenous fluid has been associated
with increased amniotic fluid volume (38), such that 29% of the final amniotic fluid volume
was attributable to the intravenous fluid. However, this magnitude of amniotic fluid dilution
is inadequate to explain the 22-fold higher perchlorate levels in maternal urine compared with
fetal amniotic fluid. Thus, the relative levels of perchlorate in maternal urine and fetal amniotic
fluid are consistent with no concentration of perchlorate in the fetal compartment.

Urinary iodide levels in this study population (geometric mean 1420 µg/L) were higher than
for women of reproductive age in the general U.S. population (geometric mean 132.5 µg/L)
(30). The higher levels of iodine found in our study population may result from widespread
use of prenatal vitamins in our study population (74%). Study participants who said they used
prenatal vitamins daily tended to have higher iodide levels compared to non-users; however,
this difference was not statistically significant (p=0.69, 0.06, 0.78, and 0.45 for AF, CB, MB,
and MU, respectively). The lack of significantly elevated iodine levels in self-identified vitamin
users may be caused by the high degree of variability in prenatal vitamin formulations. A recent
study indicates that only 51% of prenatal vitamins contain iodine, and 17% of those that claim
to contain iodine actually contain less than half of the amount listed (39). The high degree of
variability of iodine in supplements may lead to no significant correlation between self assessed
vitamin use and increased urinary iodine. Based on the importance of adequate iodine intake
during pregnancy, the American Thyroid Association recommends that all pregnant women
take daily iodine supplement (23).
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Higher iodine intake in our study population may explain the modest accumulation of iodide
in fetal serum compared with maternal serum. The ratio of maternal serum iodide to cord serum
iodide was less than 0.5 for 67% of paired maternal and child samples (Fig 1). By comparison,
only 11% of mother/child pairs had plasma iodide ratios of less than 0.5 in a U.S. study of
similar size (40). Iodide is actively transported across the placenta and studies of experimental
animals indicate that iodide can accumulate in the fetal compartment (18,41). Additionally,
the higher iodide levels in the study population may reduce the potential effects of exposure
to NIS inhibitors. Thus, a follow-up study in a population with lower iodine intake is warranted.

Thiocyanate levels were higher in all matrices from smokers compared to non-smokers, likely
because of cyanide exposure from tobacco smoke (35). Thiocyanate levels were similar in
paired mother and child samples, underscoring the ability of many smoke components to cross
the placenta and lead to fetal exposure. Thiocyanate can potentially interact with perchlorate
to inhibit iodide uptake (14) and possibly lead to changes in thyroid hormone levels (16). The
potential interaction among thiocyanate from tobacco smoke, perchlorate from environmental
exposure and low iodine intake merits further research (15–16).

Consistent with published reports describing widespread perchlorate exposure (9,24),
perchlorate was detected in most samples: urine (100%), maternal serum (94%), cord serum
(67%), and amniotic fluid (97%). None of the study participants reported occupations that
could involve perchlorate exposure, and the study area has no known perchlorate contamination
of tap water. Perchlorate is commonly found in food (6,10,28). Thus, the levels of perchlorate
measured in the study participants may be lower than usual because of the presurgery fasting
and the 8-hr physiological half-life of perchlorate (9). A similar pattern would be expected for
nitrate and iodide because of no recent oral intake from food and supplements. Thiocyanate
levels would be less likely impacted by fasting because of the relatively long half life (6 days)
and potentially ongoing exposure for the active smokers.

Although there were only 34 maternal urine samples, these perchlorate levels were positively
correlated with perchlorate levels in amniotic fluid (Figure S5). Thus, maternal urine
perchlorate may be an effective biomarker of fetal perchlorate exposure. The use of maternal
urine perchlorate as a surrogate measure of fetal exposure will allow studies comparing fetal
exposure with subsequent developmental health endpoints (22).

Measurement of perchlorate levels in cord blood serum provides relevant information about
in utero exposure. Perchlorate exposure patterns change significantly when the newborn begins
to consume breast milk or formula, because both of these foods contain perchlorate (42–44).
Because perchlorate is concentrated in milk during lactation (19,42), infants consuming milk-
based formula or breast milk may have elevated perchlorate exposure compared with other life
stages (42,44–46). The lower exposure levels we report do not conflict with this literature
because our study assesses perchlorate levels immediately before and during birth, rather than
once feeding has begun.

Our findings of no association between inhibitors of iodide uptake and newborn growth
parameters are consistent with results from a longitudinal epidemiologic study of pregnant
women in Northern Chile (26). The Chilean study classified perchlorate exposure of the
healthy, iodine-replete women based on maternal and environmental measurements instead of
infant cord blood measurements. Our analyses were done in a panel of healthy, iodine-replete
mothers who had perchlorate exposure <RfD. Thus, it is unlikely that we would observe
abnormalities in fetal growth. Since the subjects were healthy, we may have excluded those
subjects in which we would see abnormal fetal growth associated with anion levels. Further,
our measurement of anions at birth may not represent exposure at time(s) earlier in pregnancy
that could affect fetal growth. Therefore, a follow-up study is warranted to examine exposure
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throughout pregnancy, and to include mothers/pregnancies at higher risk for adverse fetal
growth. Additional analysis of this data with physiologically-based models will further clarify
perchlorate distribution during pregnancy.

In summary, we found that maternal serum perchlorate was generally higher than cord serum
perchlorate, and maternal urine perchlorate was always higher than fetal amniotic fluid
perchlorate levels. Conversely, iodide levels were higher in fetal fluids compared to maternal
fluids. Based on the levels of iodide and NIS-inhibitors found in the maternal and fetal
compartments in the perinatal time frame, we found no evidence of inhibition of iodine
transport across the placenta. Additionally, cord blood levels of NIS-inhibitors were not
associated with changes in birth weight, length, and head circumference.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Distribution of ratios of analytes in maternal blood serum to cord blood serum. Box- and-
whisker plot indicates the 5th and 95th percentiles (●) 10th and 90th percentiles (whisker, |),
the 25th, 50th, and 75th percentiles (box, —). Y-axis is logarithmic scale.
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Table 2
Distribution of thiocyanate in different matrices based on questionnaire- assessed tobacco smoke exposure

Non-smokera
(median, range)

ETSb
(median, range)

Smokerc
(median, range)

Kruskal-Wallis
p-value

AFd 147
(<0.05 – 2400)

255
(<0.05 – 4230)

3510
(469 – 6900) 0.0026

CBe 752
(88.3 – 3180)

755
(212 – 3220)

5240
(727 – 10300) 0.0011

MBf 862
(114 – 1880)

883
(231 – 2780)

4615
(1300 – 9110) 0.0006

a
Non-smoker (n=100, 103, and 93 for AF, CB, and MB, respectively)

b
ETS=non-smoker with environmental tobacco smoke exposure (n=20, 18, and 17 for AF, CB, and MB, respectively)

c
Smoker (n=5, 7, and 6 for AF, CB, and MB, respectively)

d
amniotic fluid

e
cord blood serum

f
maternal blood serum
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