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Table 3
Number and proportion of infants who developed allergies
or infections during the first 18 months of life (n=343).

No. (%)
Allergic symptoms
Food allergy 57 (16.6)
Eczema 37 (10.8)
Wheezing 33 (9.6)
Infection
Otitis media 61 (17.8)
Chicken pox 16 4.7)
Bronchitis 9 (2.6)
RSV disease? 7 (2.0)
Rhinitis 6 (1.7)
Pneumonia 6 (1.7)
Skin infection 5 (1.5)
Other viral infections® 15 (4.4)

® RSV disease; respiratory syncytial virus disease.
® Rotavirus, adenovirus, or cytomegalovirus.

Table 4
Cubic polynomial regression between maternal PFOS or PFOA level (ng/mL) and
residual of potential confounding variables to cord blood IgE levels (1U/mL).

Estimate 95% Cl
Overall (n=231)¢ .
logqo PFOS? (linear) —-0.240 (-0.891, 0.412)
logio PFOS? (quadratic) 0.145 (-1.150, 1.440)
log;oPFOS?® (cubic) 0.851 (~3.729, 5.432)
log1o PFOAP (linear) 0.282 (~0.229, 0.792)
log;6 PFOA® (quadratic) ~1.009 (-1.918, -0.101)
logq0 PFOA® (cubic) —1.430 (—3.384, 0.524)
Male infants (n=103)¢
logyo PFOS? (linear) —0.047 (-1.051, 0.957)
log1o PFOS? (quadratic) 0.911 (-1.101, 2.922)
logg PFOS? (cubic) -0.101 (~6.625, 6.422)
log;o PFOA? (li‘near) -0.315 (~1.114, 0.485)
log:o PFOA® (quadratic) 0.227 (—1.584, 2.037)
logio PFOA® (cubic) 1.277 (—2.191, 4.744)
Fernale infants (n=128)¢
logyo PFOS? (linear) —0.342 (—1.230, 0.546)
logyo PFOS* (quadratic) -0.681 (—-2.500, 1.137)
logi0 PFOS? (cubic) 1.464 (—5.354, 8.282)
log,o PFOA® (linear) 0.766 (0.104, 1.428)
log;o PFOA® (quadratic) -1.429 (—2416, —0422)
log;o PFOAP (cubic) -3.078 (—5.431, —0.726)

# PFOS: perfluorooctane sulfonate,

® PFOA: perfluorooctanoate.

¢ Adjusted models included maternal age, maternal allergic history, distance
from home to highway, infant gender, parity, birth season, and blood sampling
period.

4 Adjusted models included maternal age, maternal allergic history, distance
from home to highway, parity, birth season, and blood sampling period.

maternal PFOS or PFOA level and residual of potential confounding
variables to logo-transformed cord blood IgE levels (n=231). We
found a curvilinear relationship- between maternal PFOA levels and
cord blood IgE levels. In female infants, when log;¢-transformed
maternal PFOA levels changed from —0.6 ng/mL to —0.4 ng/mL,
logso-transformed cord blood IgE levels decreased by —0.150 JU/mL,
and when logjo-transformed matemal PFOA levels changed from
—04 ng/mL to 0.3 ng/mL, log;g-transformed cord blood IgE levels
increased by 0433 1U/mL, and when log;c-transformed maternal
PFOA levels changed from 0.3 ng/mL to 0.7 ng/mlL, log;¢-transformed
cord blood IgE levels greatly decreased by -0.863 IU/mL (Fig. 1F).
Table 5 shows the results of logistic regression analyses
between log,o-transformed maternal serum PFOS and PFOA levels

and infant allergies and infectious diseases during the first 18
months of life. We excluded 4 women who did not answer the
questions related to allergies and infections at 18 months post-
delivery. Therefore, we included 343 mother-infant pairs in the
analysis for whom both PFOS and PFOA had been measured and
from which questionnaire data at 18 months post-delivery had
been obtained. No significant associations were observed
between maternal PFOS or PFOA levels and food allergy, eczema,
wheezing, and otitis media in the infants in both the crude and
adjusted models [adjusted ORs for a 10-fold increase in maternal
PFOS or PFOA concentrations; food allergy PFOS=3.72 (95% (I,
0.81-17.10) and PFOA=1.67 (95% (I, 0.52-537); eczema
PFOS=0.87 (95% CI, 0.15-5.08) and PFOA=0.96 (95% CI, 0.23-
4.02); wheezing PFOS=2.68 (95% Cl, 0.39-18.30) and PFOA=1.27
(95% CI, 0.27-6.05); otitis media PFOS=1.40 (95% CI, 0.33-6.00)
and PFOA=1.51 (95% Cl, 0.45-5.12)]. We performed stratified
analysis by blood sampling period, but no significant associations
were revealed (data not shown).

Possible associations between dioxin and PCB concentrations
in maternal serum with PFOS and PFOA concentrations were
evaluated. Dioxin concentrations, defined as the sum of 7 PCDDs,
10 PCDFs, and 12 dioxin-like PCBs (4 non-ortho PCBs and 8 mono-
ortho PCBs) were positively correlated with PFOS and PFOA levels
(Spearman rank correlation coefficients: 0.126, p=0.023; and
0.133, p=0.017, respectively). Furthermore, total PCB concentra-
tions, defined as the sum of 70 PCB congeners (58 non-dioxin-like

'PCB congeners and 12 dioxin-like PCBs) were positively corre-

lated with PFOA levels (Spearman rank correlation. coefficient,
0.110; p=0.049) but not with PFOS levels (Spearman rank
correlation coefficient, 0.062; p=0.267). When total dioxins and
total PCBs were evaluated as potential confounders, no significant
association remained between PFC concentrations and infant
allergies and infectious diseases during the first 18 months of
life (data not shown).

4. Discussion

In this study, cord blood IgE levels decreased significantly with
high maternal PFOA concentration among female infants. However,
no association was observed between maternal serum PFOS and
PFOA concentrations and occurrence of food allergy, eczema, wheez-
ing, and otitis media in their infants during the first 18 months of life.
To our knowledge, this is the first report that has examined possible
effects of PFC prenatal exposure on infant allergy including cord blood
IgE level as an immune system biomarker. )

Inoue et al. (2004a) examined the correlation of PFC concen-
trations in maternal blood and cord blood in same sample
population as this study. These PFOS in maternal and cord blood
had a significant correlation. Midasch et al. (2007) and Monroy
et al. (2008) reported a significant correlation of PFOS and PFOA
levels in maternal and cord blood, and both studies suggested that
PFOS and PFOA cross the placental barrier during pregnancy,
resulting in fetal exposure to PFOS and PFOA. In this study we
explored possible associations between maternal serum PFOS and
PFOA concentrations with infant allergies and infectious diseases,
and found no significant associations. Our results are thus con-
sistent with results of the Danish National Birth Cohort (Fei et al.,
2010), in which the mean concentrations of PFOS and PFOA were
35.3 ng/mL and 5.6 ng/mL, respectively; these levels were higher
than those measured in our study. Cord blood IgE levels decreased
significantly with high maternal PFOA concentration among
femnale infants. The results of the C8 Health Project showed a
significant decreasing trend in IgE levels with increasing PFOA
levels in blood samples among females (Fletcher et al., 2009). Our
results are consistent with those of that study, even though the
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Fig. 1. Association between maternal log,o-transformed PFOS and PFOA levels (ng/mL) and residual of potential confounding variables to log;o-transformed cord bicod IgE
levels (IU/mL). The dashed lines denote the predicted fit from a linear regression model. The solid lines denote the predicted fit from the cubic polynomial regression model
and 95% confidence interval (CI). Corresponding estimates are presented in Table 4. (A, B) Among overall. (C, D) Among male infants. (E, F) Among female infants.

concentration of maternal PFOA was lower than that measured in associated with the development of allergies and infectious
other studies, including the C8 Health Project (Fletcher et al., diseases up to age 18 months. It may be necessary to perform
2009; Harada et al., 2007; Jensen and Leffers, 2008; Kannan et al., follow-up studies to investigate whether prenatal exposure to
2004); we note, however, that the PFOA level in any case was not PFCs affects the immune system of offspring (and address
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Table 5

Adjusted odds ratio (95% CI) between PFOS or PFOA concentrations in maternal serum and allergies and infectious diseases during the first 18 months of life.

Overall (n=343)

Male infants (n=169)

Female infants (n=174)

Crude Adjusted Crude Adjusted Crude Adjusted
OR* (95% CI) OR? (95% CI) OR* (95% 1) OR? (95% CI) OR? (95% C1) OR? (95% 1)
logio PFOS® .
Food allergy® 276  (0.72,10.54) 3.72 (0.81,17.10) 3.58 (0.54, 23.64) 542 (0.62, 47.20) 205 (0.30,13.82) 275 (0.31,24.80)
Eczema*® 1.03  (0.22,4.91) 0.87 (0.15,5.08) 0.78 (0.09, 6.63) 0.62 (0.06, 6.67) 136  (0.14,13.55) 124 (0.08,19.30)
Wheezing® 1.81  (0.34, 9.60) 268 (0.39,1830) 632 (051,79.08) 1298 (0.80,212.00) 0.62 (0.06,5.93) 0.61 (0.03,11.50)
Otitis media®  0.75  (0.22, 2.65) 140  (0.33, 6.00) 065 (0.12,3.53) 1.38  (0.18, 10.60) 0.81  (0.12,5.55) 143  (0.17,12.30)
log1o PFOA® -
Food allergy®  1.25  (0.45, 3.52) 1.67 (052, 5.37) 0.85 (0.21, 3.49) 0.87 (0.16, 4.89) 1.87 (041, 8.40) 237 (050, 17.10)
Eczema® - 0.97 (0.29, 3.30) 096  (0.23,4.02) 1.51  (0.26, 8.67) 112 (0.15, 8.42) 0.59  (0.10, 3.40) 0.88  (0.09, 7.70)
Wheezing® 0.85 (0.24, 3.02) 127  (0.27, 6:05) 243  (0.32,18.36) 272 (0.25, 29.90) 036  (0.06, 2.00) 131 (0.10, 18.00)
Oftitis media® 141  (0.28, 2.02) 1.51 (045, 5.12) 1.04 (0.27,3.97) 192  (0.35, 10.40) 047  (0.11, 2.05) 095 (0.16,5.69)

2 OR for a 10-fold increase in maternal PFOS or PFOA concentrations.
b PFOS: perfluorooctane sulfonate. '

¢ Logistic regression model adjusted for maternal age, maternal educational level, pre-pregnancy BM], allergy of parents, parity, infant gender, breast-feeding period.»

environmental tobacco exposure, day care attendance and blood sampling period.

4 Logistic regression model adjusted for maternal age, maternal educational level, parity, infant gender, breast-feeding period, environmental tobacco exposure, day

care attendance and blood sampling period.
¢ PFOA: perfluorooctanoate.

potential gender-specific differences) from infancy to school-age,
because it is difficult to obtain definitive diagnoses for infants.

Moreover, using univariate analyses of maternal PFOS and
PFOA concentrations in relation to parent and infant character-
istics, statistically significant differences with respect to maternal
age, parity, and blood sampling period were identified in our
study. In other studies, maternal PFOS and PFOA concentrations
were significantly related to parity, with higher levels found in
primipara (Fei et al., 2007), and significantly lower levels reported
after delivery than during pregnancy (Monroy et al., 2008). In our
study, we performed stratified analysis by blood sampling period,
but the results of multiple analyses did not change.

In laboratory animals, immunosuppression and reduced IgM
antibody production along with increased IgE levels were reported
with high-dose PFOS and PFOA exposure (Dewitt et al.,, 2008; Fairley
et al,, 2007; Keil et al.,, 2008; Peden-Adams et al., 2007). Also, in these
studies used the mouse strain known to be the most sensitive strain
for immunomodulatory effects of PFOA and PFOS (Dewitt et al.,
2009). On the other hand, sensitivity of the human fetus to PFCs may
be higher than in animals because in our cohort study, maternal
serum PFOS concentrations below those reported in the animal
studies were negatively correlated with birth weight (Washino
et al, 2009). It has been suggested that some effects of PFOS and
PFOA on the immune system are independent of peroxisome
proliferator-activated receptor alpha (PPARa) activation, but PPARo
expression is lower in humans than in rodents (Dewitt et al., 2009).
Because of these uncertainties, we cannot rule out the possibility that
PFC exposure may be immunotoxic, and further experiments are
necessary to clarify the possible effects of PFC exposure.

Sources of postnatal exposure to PFCs from birth to 18 months of
age include breast milk, food, drinking water, indoor dust in living
environments, and products in which PFCs are used (e.g., baby bottle
and carpet). Previous studies have suggested that breast milk or
indoor dust is a considerable source of PFC exposure for children
(Bjorklund et al., 2009; Kirrman et al, 2007). In the same sample
population as was used in our present study, we previously measured
PFOS and PFOA concentrations in 40 breast milk samples and found
that their concentrations were very low (Nakata et al,, 2009). There-
fore, we suggest that the effects of PFOS and PFOA in breast milk
might be lower than the effects of these compounds in maternal
blood. Postnatal exposure from intake of food and drinking water or
from indoor dust from birth to 18 months of age was not investigated

in our study. In future studies, it will be necessary to examine not
only prenatal exposure but also postnatal exposure, because the latter
may have affected the exposure assessment.

The present study has some limitations. First, the sample size was
relatively small and was insufficient for identification of significant
relationships between PFC exposure and allergies and infectious
diseases, given the low number of cases in the cohort with these
conditions. Second, selection bias may have occurred because the
study population included only pregnant women that attended one
local maternity hospital and the participation rate was low (29%),
partly because we excluded .pregnant women who had decided to
enroll in the Japanese cord blood bank (22% of those approached) or
who delivered their baby at another hospital (3% of those
approached). These exclusions may limit the extrapolation of our
results to the general population. Third, diagnosis of allergic disease
such as wheezing in infants from the birth to 18 months might not
have been accurate because of difficulties in obtaining diagnoses. The
current prevalence of asthma in Japan is the highest it has been in six
years, and tends to be decreasing with advancing age (Ministry of
Education, Culture, Sports, Science and Technology, 2010). Because it
is difficult to obtain a definitive diagnosis of allergy in infants, a
follow-up study in which exposure is monitored from birth to school-
age may be necessary to further examine possible effects of PFOS and
PFOA on the immune system.

5. Conclusions

Although cord blood IgE levels decreased significantly with
high maternal PFOA levels among female infants, no relationship
was found between maternal PFOS and PFOA levels and allergies
and infectious diseases in infants at age 18 months. Future studies
with a larger sample size are warranted to investigate the
relationship between maternal PFC exposure and child allergies
and infections from infancy to school-age.
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1. Introduction

ABSTRACT

We-measured the concentrations of polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dib-
enzofurans (PCDFs), dioxin-like pelychlorinated biphenyls (PCBs), and non-dioxin-like PCBs in paired
samples of blood and breast milk collected from 67 secundiparas in Sapporo City, Japan, and combined
this data with those of the 30 secundiparas previously measured. The arithmetic mean total toxic equiv-
alents (TEQ-WHO) concentrations of PCDDs, PCDFs, non-ortho PCBs, and mono-ortho PCBs in blood and
breast milk of the 97 secundiparous sub}ects were 3.0-23 (mean: 13, median: 14) and 2.7-20 (mean:
8.6, median: 8.5) pg TEQ g~ lipid, respectively. The sums of the concentrations of 56 non-dioxin-like
PCB congeners that were measured in the subjects’ blood and breast milk were 16-326 (mean: 107, med-
ian: 100) and 12-252 (mean: 73, median: 67) ng g~* lipid, respectively. The partitioning ratios of individ-
ual congeners of PCDDs, PCDFs, dioxin-like PCBs, and non-dioxin-like PCBs from blood to breast milk in
secundiparas were almost the same as those of primiparas that have been recently reported, suggesting
that the partitioning ratios of these compounds from maternal blood to breast milk in women is little
affected by delivery. Furthermore, the partition of PCB congeners with chlorine at the 2-, 3-, 4, and 5-
positions or the 2-, 4-, 4'-, and 5-positions of the biphenyl ring from the blood to the breast milk tended '
to occur at a higher level than that of other congeners. In particular, the levels of tetraCB-74 and hexaCB-
146 in the breast milk for both primiparous and secundlparous mothers were slightly higher than those
in the blood.

© 2011 Elsevier Ltd. All rights reserved.

breast milk (Wang et al., 2004; Nakano et al., 2005). Human expo-
sure to PCDDs, PCDFs, and PCBs result in many adverse health ef-

Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated
dibenzofurans (PCDFs), and polychlorinated biphenyls (PCBs) are
highly toxic environmental pollutants. These pollutants are distrib-
uted worldwide, and their lipophilic compounds are highly
resistant to biodegradation in the environment, becoming concen-
trated in the food chain and accumulating in the fatty tissues of
animals and humans (Liem et al., 2000; Schecter and Gasiewicz,
2003). PCDDs, PCDFs, and PCBs accumulated in the maternal body
have been reported to be transferred from the mother to her fetus
via the placenta during pregnancy and from mothers to infant via

* Corresponding author. Tel.: +81 92 921 9946; fax: +81 92 928 1203.
E-mail address: todaka@fihes,pref.fukuoka.jp (T. Todaka).

0045-6535/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
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fects, including growth retardation in fetuses and infants
(Yonemoto, 2000), thyroid deficiency (Pavuk et al., 2003), immune
deficiency (Weisglas-kuperus et al., 2000), reproductive effects
(Guo et al, 2000), and carcinogenic effects (Steenland et al.,
1999; Demers et al, 2002). Moreover, several epidemiological
studies have demonstrated the adverse effects of environmental
exposure to these dioxin-like compounds on the neurobehavioral
development of children (Schantz et al., 2003). Because fetuses
and infants are considered to be significantly more sensitive to a
variety of PCDDs, PCDFs, and PCBs compared with adults, the ad-
verse effects of these toxicants on these fetuses and infants are
of grave concern (Needham and Sexton, 2000; Charnley and
Putzrath, 2001; Branum et al,, 2003). To elucidate the influence
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of PCDDs, PCDFs, dioxin-like PCBs, and non-dioxin-like PCBs on the
health of fetuses and infants, researchers have conducted exposure
surveys of these compounds in maternal blood and breast milk in
various countries. However, exposure studies of dioxin-like com-
pounds and non-dioxin-like PCBs regarding maternal blood are
limited in comparison with studies of breast milk, and compari-
sons of the concentrations of PCDDs, PCDFs, dioxin-like PCBs, and
non-dioxin-like PCBs in blood and breast milk collected from the
same mothers have been performed in only a few trials (Schecter
et al, 1998; Wang et al., 2004; Nakano et al., 2005; Wittsiepe
et al., 2007; Nakamura et al,, 2008). Therefore, few exposure stud-
ies have compared the levels of dioxin-like compounds and non-di-
oxin-like PCBs in paired samples of blood and breast milk collected
from primiparous mothers with those from secundiparous moth-
ers. The data obtained by the study will help us understand the
partitioning ratios of individual congeners of these compounds
from blood to breast milk in primiparous and secundiparous moth-
ers and the effect of delivery on the partitioning ratios. We previ-
ously measured the concentrations of dioxin-like compounds and
non-dioxin-like PCBs in paired samples of blood and breast milk
collected from 30 primiparous and 30 secundiparous mothers liv-
ing in Sapporo City, Hokkaido Prefecture, Japan (Hori et al., 2007;
Todaka et al.,, 2008a). Subsequently, we measured the concentra-
tions of these compounds in paired samples of blood and breast
milk collected from 89 primiparas living in the same area, and re-
ported the concentrations of these compounds in blood and breast
milk for the total 119 (89 + 30 previous) primparas (Todaka et al.,
2010).

In the present study, we measured the concentrations of PCDDs,
PCDFs, dioxin-like PCBs, and non-dioxin-like PCBs in blood and
breast milk collected from 67 secundiparous mothers in Sapporo
City, Japan, and combined this data with those of the 30 secundip-
arous mothers previously collected. The objectives of our primary
study were: (1) to study the relationships of these compounds be-
tween blood and breast milk for the total 97 secundiparas and (2)
to compare our findings with the concentrations of these com-
pounds in those for 119 primiparas.

2. Materials and methods
2.1. Sampling

In 2002, the Hokkaido University Graduate School of Medicine
established a hospital-based prospective cohort study entitled
the “Hokkaido Study on Environment and Children’s Health” to
investigate the possible adverse effects of PCBs, PCDDs/PCDFs, per-
fluopinated chemicals, and many other environmental contami-
nants on fetal growth and newrodevelopment. 514 pregnant
women were enrolled in this cohort study between July 2002
and October 2005. All the subjects participating in this study were
native Japanese and residents of Sapporo City or the surrounding
area. Blood, cord blood and breast milk specimens were collected
from mothers, after obtaining informed consent from them. After
collection, the specimens were frozen and stored at —80 °C until
analysis. Between June 2004 and June 2008, we measured the
levels of PCDDs, PCDFs, dioxin-like PCBs, and non-dioxin-like PCBs
in 462 maternal blood samples and 250 breast milk specimens. In
the present study, blood samples in 67 subjects were taken from
the maternal peripheral vein after the 2nd trimester during their
second pregnancy. In the previous 30 cases, blood samples were
taken during the first 1 week after birth (Todaka et al., 2008a).
The breast milk specimens were collected during 28-30 days after
delivery. The ages of the secundiparas examined in the present
study were within 22-41years (mean: 31.9 years, median:
32.0 years).

2.2. Materials

Native congeners of PCDDs, PCDFs, dioxin-like PCBs, and non-
dioxin-like PCBs were purchased from Wellington Laboratories
(Guelph, Canada). ['3C;,]-congeners of PCDDs, PCDFs, dioxin-like
PCBs, and non-dioxin-like PCBs as internal standards, were also
purchased from Wellington Laboratories. An active carbon column
was prepared as follows: active carbon was purchased from Naca-
lai Tesque (Kyoto, Japan), refluxed 3 times with toluene for 1 h, and

dried in vacuum, after which 500 mg of the active carbon was

mixed with 500 g of anhydrous sodium sulfate (Wako Pure Chem-
ical Industries, Ltd., Tokyo, Japan). A silver nitrate/silica gel was
purchased from Wako Pure Chemical Industries, Ltd. An active car-
bon-dispersed silica gel was purchased from Kanto Chemical
Industries, Ltd., Tokyo, Japan. All reagents and solvents used in this
experiment were of the analytic grade of dioxin that is commer-
cially available.

2.3. Analysis of PCDDs, PCDFs, dioxin-like PCBs, and non-dioxin-like
PCBs

The extraction and purification of PCDDs, PCDFs, dioxin-like
PCBs, and non-dioxin-like PCBs from blood and breast milk speci-
mens were performed using a previously reported method (lida
and Todaka, 2003; Todaka et al., 2008a,b). Concentrations of the
PCDDs, PCDFs, non-ortho PCBs, and mono-ortho PCBs and concen-
trations of 56 non-dioxin-like PCB congeners were also performed
using a previously reported method (lida and Todaka, 2003; Toda-
ka et al,, 2008a,b).

2.4. Quality control

To evaluate the accuracy and reliability of the analysis of PCDDs,
PCDFs, and dioxin-like PCBs, our laboratory completed quality con-
trol studies for the analysis of these compounds. Our laboratory
has participated in a quality control study for the analysis of these
dioxin-like compounds in dried milk powder (BCRRM 534), as-
sisted by a Grant-in-Aid for scientific research from the Ministry
of Health, Labour, and Welfare, Japan, in 2003. In our results, the
difference between values of our laboratory and certification val-
ues in the refefence material was within 10% of certification values.
In 2004 and 2006, we prepared human blood samples using blood
collected from five volunteers and attempted to carry out a quality
control study of the analysis of PCDDs, PCDFs, and dioxin-like PCBs
in human blood. In both studies, the average variation among the
TEQ values in samples obtained by all participating laboratories
was within 10% (lida et al., 2004). In 2007, our laboratory prepared
human blood samples using blood collected from five volunteers
and breast milk samples prepared using 10 randomly selected
specimens from 250 breast milk samples collected in this cohort
study. In both samples, measurements of 56 non-dioxin-like PCBs
congeners.that were measured in the present study among 197
non-dioxin-like PCBs congeners requested from three different
analysis organizations and their results were compared with our
results. The average variation among the total non-dioxin-like
PCBs levels in human blood and breast milk samples obtained by
the four participating laboratories was within 10% and was consid-
ered acceptable (Kajiwara et al., 2008, 2009, 2010). These results

‘indicated that our laboratory’s analytical methods for PCDDs,

PCDFs, dioxin-like PCBs, and non-dioxin-like PCBs in human blood
and breast milk specimens provided correct results.

2.5. Data analysis

To estimate the TEQ concentrations, we introduced ND (less
than the detection limit) values to half values of the detection limit
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and calculated based on the toxic equivalency factor (TEF) values
proposed by the World Health Organization (WHO) (Van den Berg
et al, 2006). The statistical analysis was conducted using
Mann-Whitney U-test, Pearson correlation test, and Spearman
correlation test in the software program from SAS Institute (SAS
Inc.). Significant probabilities (p values) were calculated for the
respective number of samples analyzed. All statistical testing was
2-side with a significance level of 5%.

3. Results and discussion
3.1. Concentrations of dioxin-like compounds in blood and breast milk

The arithmetic mean TEQ concentrations of PCDDs, PCDFs, non-
ortho PCBs, and mono-orthe PCBs in blood and breast milk of 97
secundiparas were 6.8, 2.4, 4.2, and 0.3 pg TEQ g~ lipid, respec-
tively, and 3.7, 1.6, 3.1, and 0.3 pg TEQ g~ lipid, respectively, with
the total TEQ concentrations of these dioxin-like compounds
equaling 3.0-23 (mean: 13, median: 14) and 2.7-20 (mean: 8.6,
median: 8.5) pg TEQ g~' lipid, respectively (Table 1). Among
PCDDs, PCDFs, and dioxin-like PCB congeners that were measured
in the present study, 1,2,3,7,8-PentaCDD, 1,2,3,6,7,8-HexaCDD,
2,3,4,7,8-PentaCDF, and 3,3',4,4’,5-PentaCB (#126) showed particu-
larly high concentrations in blood and breast milk of 97 secundip-
aras mothers; the total concentrations of these four congeners in
blood and breast milk samples contributed approximately 80% of
the total TEQ concentrations. The concentrations of individual
congeners of PCDDs, PCDFs, non-ortho PCBs, and mono-ortho PCBs
in blood of secundiparous subjects were notably higher than those
of breast milk.

The relative contribution ratios of PCDDs, PCDFs, non-ortho
PCBs, and mono-ortho PCBs to the total TEQ concentrations in
blood and breast milk of secundiparas were 51.8%, 18.1%, 32.4%,
and 2.7%, respectively, and 42.4%, 18.2%, 35.9%, and 3.5%, respec-
tively. These results are similar to those obtained previously in
119 primiparas (Todaka et al., 2010).

3.2. Concentrations of non-dioxin-like PCBs in blood and breast milk

We previously indicated that the 56 PCB congeners measured in
our studies appear to be the predominant PCB congeners in human
subjects among the 197 non-dioxin-like PCB congeners, based on
the results of our studies and other studies previously reported
in Japan (Todaka et al., 2008b).

The concentrations of PCB congeners in blood and breast milk of
97 secundiparas are presented in Table 2. Among the 56 PCB cong-
eners that were measured in the present study, hexaCB-138, hex-
aCB-153, heptaCB-180, and heptaCB-182/heptaCB-187 showed
high ratios to the total concentrations of 56 PCB congeners in
maternal blood and breast milk. Other PCB congeners contributed
less than 5% of the total concentrations of these PCB congeners. The
patterns of the major PCB congeners in maternal blood were al-
most the same as those obtained in breast milk. Similar results
were observed in 119 primiparas previously studied (Todaka
et al,, 2010).

The sums of the concentrations of 56 PCB congeners in b]ood
and breast milk of 97 secundiparas were 16-326 (mean: 107, med-
ian: 100) ng g~ lipid and 12-252 (mean: 73, median: 67)ng g~ li-
pid, respectively, indicating that the total concentrations of PCB
congeners in maternal blood tended to be slightly higher than
those in breast milk. Indicator PCBs (PCB 28, 52, 101, 138, 153,
and 180) have been selected by the European Food Safety Author-
ity as the major congeners that are almost always present in vari-
ous sample matrices at high concentrations. The arithmetic mean
total concentrations of indicator PCB congeners in blood and breast

milk of 97 secundiparous mothers were 6.8-168 (mean: 54, med-
ian: 49) and 6.2-140 (mean: 39, median: 36) ng g~! lipid, respec-
tively, indicating that the total concentrations of indicator PCBs
in maternal blood were slightly higher than those in breast milk.

The relative contribution ratios of the concentrations of triCBs,
tetraCBs, pentaCBs, hexaCBs, heptaCBs, octaCBs, and nonaCBs to
the total concentrations, of 56 non-dioxin-like PCB congeners in
the blood and the breast milk of secundiparous mothers were
1.4%, 5.8%, 6.5%, 46.2%, 31.7%, 6.9%, and 1.0%, respectively, and
1.0%, 6.8%, 8.1%, 53.8%, 25.9%, 3.9%, and 0.4%, respectively. The ra-
tios of concentrations of these PCB compounds from secundiparous
mothers were almost the same as those previously obtained from
119 primiparous mothers (Todaka et al., 2010).

During the past few decades, extensive research on the pres-
ence of PCDDs, PCDFs, and dioxin-like PCBs in blood and breast
milk have been conducted in various countries. A recent German
study (n=169; mean age, 31.2 years) reported that the mean total
TEQ levels of PCDDs, PCDFs, and dioxin-like PCBs in maternal blood
and breast milk were 28.4 and 27.3 pg TEQ g™ lipid, respectively

- (Wittsiepe et al.,, 2007). These levels for the Tohoku cohort study

(n=49; mean age, 32.4 years) that have been recently reported
in Japan were 15.4 and 18.8 pg TEQ g~ lipid, respectively (Nakam-
ura et al,, 2008). In the present study, the levels of PCDDs, PCDFs,
and dmxm like PCBs in maternal blood and breast milk were
slightly lower than those iri these cohort studies. Furthermore, sev-
eral reports on the total TEQ levels of PCDDs, PCDFs, and dioxin-
like PCBs and the total levels of non-dioxin-like PCBs in similar
specimens have been performed in Asia, European countries, Rus-
sia, and the United States (Liem et al., 2000; Polder et al,, 2003;
Schecter et al., 2005). In those reports, the levels of these contam-
inants were higher than the levels found in the present study. The
exposure levels of dioxin-like compounds and non-dioxin-like
PCBs in our studies were some of the lowest levels reported in hu-
man studies.

3.3. Relationships of the measured compounds between blood and
breast milk

Statistically significant correlations were observed between
maternal age and the total TEQ concentration of PCDDs, PCDFs,
and dioxin-like PCBs (correlation coefficient p =0.392, p < 0.001)
or the total concentration of 56 non-dioxin-like PCB congeners
(correlation coefficient p=0.498, p<0.001) in maternal blood,
and significant correlations were also observed between maternal
age and the total TEQ concentration of these dioxin-like com-
pounds (correlation coefficient p =0.375, p<0.001) or the total
concentration of 56 PCB congeners (correlation coefficient
p=0.493, p<0.001) in breast milk.

The total TEQ concentration of PCDDs, PCDFs, and d10x1n like
PCBs in individual subjects’ maternal blood and breast milk
showed a close correlation (correlation coefficient p=0.761,
p<0.001), and there was also good correlation between the total
concentration of 56 non-dioxin-like PCB congeners in subjects’
maternal blood and breast milk (correlation coefficient p = 0.879,
p<0.001). Concentrations of PCDDs, PCDFs, non-ortho PCBs,
mono-ortho PCBs, and indicator PCBs in individuals’ maternal
blood also showed the highest correlation to those in breast milk.

Pearson and Spearman correlation analyses showed a relation-
ship between the total TEQ concentration of PCDDs, PCDFs, and di-
oxin-like PCBs and the total concentration of 56 non-dioxin-like
PCB congeners in maternal blood (correlation coefficient
p=0.817, p<0.001), and also showed an association between the
total TEQ concentration of these dioxin-like compounds and the to-
tal concentration of 56 PCB congeners in breast milk (correlation
coefficient p = 0.843, p < 0.001).



Table 1
Concentrations of PCDDs, PCDFs, and dioxin-like PCBs in blood and breast milk of 97 secundiparous ‘mothers collected in Sapporo City, Japan.

Congeners ) Concentration (pg g~" lipid) Ratio’ (milk/blood) p Values Ratio? (milk/blood)
Blood Breast milk
Mean Median SD ©  Minimum Maximum Mean Median SD Minimum Maximum
2,3,7,8-TetraCDD" 0.3 0.5 0.5 0.5 25 0.5 0.5 0.2 0.5 1.5 0.65 <0.001 Q.59
1,2.3,7,8-PentaCDD 39 3.7 1.7 0.5 79 21 20 1.0 0.5 53 0.55 <0.001 063
1,2,34,7,8-Hexa(DD 1.6 1.0 14 1.0 14 ND
1,2,3,6,7,8-Hexa(DD 13 12 64 24 42 71 64 35 1.0 21 0.55 " <0.001 0.58
1.2,3,7,8,9-HexaCDD 20 1.0 13 1.0 83 ND
1.2,3,4,6,7,8-HeptaCDD 26 24 12 94 85 52 4.8 24 2.0 18 0.20 <0.001 0.23
OctaCDD 458 432 179 80 1306 39 34 20 8.2 167 0.08 <0.001 0.10
Total PCDDs 506 479 195 99 1426 56 50 26 193 218 0.11 <0.001 0.13
2.3,7,8-TetraCDF 0.7 0.5 0.5 0.5 3.1 ND
1,2,3,7,8-PentaCDF 0.6 0.5 04 0.5 35 ND .
2.3.4,7,8-PentaCDF 53 53 24 0.5 11 36 34 1.6 0.5 85 0.67 <0.001 0.74
1.2,3,4,7,8-HexaCDF ‘ 20 21 1.1 1.0 G.1 ND
1,2,3,6,7,8-HexaCDF 23 23 1.3 1.0 6.8 ND
2,34,6,7,8-HexaCDF ND ) ND :
1,2,3,7,8,9-HexaCDF ND ND 2
1,2,3,4,6,7,8-HeptaCDF 24 22 23 1.0 17 ND %
1,2,3,4,7,8,9-HeptaCDF ND ND o
OctaCDF 2.1 20 0.6 20 8.2 ND =)
Total PCDFs 19 17 6.7 95 43 13 13 20 10 21 0.71 <0.001 0.69 3
- 1)
2
TriCB-77 12 12 5.7 5.0 27 ND §
TriCB-81 . ND ND , s
PentaCB-126 35, 33 18 5.0 84 26 24 14 5.0 69.7 0.77 0.001 0.82 B
HexaCB-169 26 25 14 50 76 15 14 7.7 5.0 45.6 0.58 <0.001 0.67 xR
Total Non-ortho PCBs 77 74 32 20 172 51 50 21 20 120 0.67 <0.001 0.70 §
PéntaCB—l 05 1493 1347 749 283 3412 1336 1237 717 224 4096 0.89 0.120 0.98 5
PentaCB-114 363 348 210 5.0 1130 311 272 177 55 1156 0.86 ) 0.062 0.92 5‘5
PentaCB-118 6150 5849 3155 981 14434 5552 5218 2962 1080 17027 0.90 0.205 1.00 3
PentaCB-123 114 113 61 5.0 293 84 75 49 5.0 253 0.74 <0.001 0.84 s
HexaCB-~156 2043 1892 1068 282.1 6026 1612 1402 901 238 5808 0.79 0.001 0.88
HexaCB-157 472 433 256 50 1303 379 350 196 62 1241 0.80 0.004 0.86
HexaCB-167 753 708 392 50 1926 564 517 318 92 1943 0.75 <0.001 0.81
HeptaCB-189 265 242 144 50 807 150 139 79 5.0 516 0.57 <0.001 0.63
Total Mono-ortho PCBs 11653 11042 5733 1778 27197 9990 9479 5192 1909 32022 0.86 0.037 0.95
TEQ from PCDDs 638 6.8 2.7 17 14 37 35 15 13 9.7 054 <0.001 059
TEQ from PCDFs 24 23 1.0 06 44 16 15 05 06 31 066 <0.001 0.70
TEQ from PCDDs/PCDFs 9.1 9.0 3.6 25 17 52 49 1.9 2.0 13 0.57 <0.001 0.61
TEQ from non-ortho PCBs 42 4.0 2.1 0.7 9.8 3.1 29 16 0.7 7.8 0.73 <0.001 0.79
TEQ from mono-ortho PCBs 0.3 0.3 0.2 0.1 08 0.3 0.3 0.2 0.1 1.0 0.86 0.037 0.95
TEQ from dioxin-like PCBs 39 3.5 22 04 94 34 3.2 1.7 0.7 8.3 0.87 0.121 0.80
Total TEQ 13.1 13.6 5.1 30 230 86 8.5 34 2.7 200 0.66 <0.001 0.68

The partitioning ratio from maternal blood from breast milk: ratio’, secundiparous mothers; ratio®, primiparous mothers.
ND: less than the determination limit.

SD: standard deviation.

CDD: chlorinated dibenzo-p-dioxin.

CDF: chlorinated dibenzofuran.

CB: chlorinated biphenyl.
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Table 2

Concentrations of non-dioxin-like PCBs in blood and breast milk of 97 secundiparous mothers collected in Sapporo City, Japan.

IUPAC # Concentration (pg g~* lipid) Ratio' (milk/blood) p Values Ratio® (milk/blood)
Blood Breast milk
Mean Median SD Minimum Maximum . Mean Median SD Minimum Maximum

TriCB-28* 1142 1099 564 42 2795 678 G643 341 5.0 1602 0.59 <0.001 0.67
TriCB-29 21 50 32 T 50 174 6 50 4 5.0 28 0.31 <0.001 0.32
TriCB-37 322 50 898 5.0 6185 11 5.0 13 50 74 0.03 0.731 0.02
TetraCB-44 243 233 214 5.0 1195 63 50 52 5.0 210 0.26 <0.001 0.28
TetraCB-47/48 362 324 277 5.0 1204 176 159 106 5.0 582 0.49 <0.001 0.48
TetraCB-49 196 175 168 5.0 850 56 47 42 5.0 177 0.29 <0.001 0.35
TetraCB-52/69% 650 590 474 5.0 2098 253 198 236 5.0 1279 0.39 <0.001 0.46
TetraCBs-56/60 - 289 261 146 5.0 693 214 165 164 29 850 0.74 <0.001 0.82
TetraCB-63 52 48 32 5.0 137 47 44 26 5.0 146 0.89 0.311 0.96
TetraCB-66 781 658 387 154 2066 690 634 368 152 2001 0.88 0.108 0.99
TetraCB-70 167 149 114 50 543 45 40 37 5.0 192 0.27 <0.001 0.32
TetraCB-71 99 82 99 5.0 708 26 5 32 5.0 164 0.26 <0.001 0.31
TetraCB-74 3358 3324 1592 691 8669 3438 3301 1766 752 9324 -1.02 0977 1.12
PentaCB-85 111 95 71 50 357 76 63 52 50 262 0.68 <0.001 0.67
PentaCB-87 281 256 156 50 784 162 147 92 5.0 553 0.58 <0.001 0.60
PentaCB-92 314 257 219 5.0 1001 247 204 165 5.0 741 0.79 0.042 0.86
PentaCB-93/95/98 410 368 253 5.0 1140 198 176 134 5.0 587 0.48 <0.001 0.56
PentaCB-99 4278 4028 2028 733 11168 4062 - 3715 2050 726 12183 0.95 0.380 1.03
PentaCB-101° 741 650 446 5.0 2242 578 508 367 5.0 1908 0.78 0.004 0.87
PentaCB-107/108 332 302 202 5.0 1091 311 300 186 50 901 0.94 0.501 0.98
PentaCB-110 208 178 155 5.0 700 107 83 83 5.0 489 0.51 <0.001 0.49
PentaCB-117 259 238 143 50 830 179 161 114 5.0 602 0.69 <0.001 0.73
HexaCB-128 384 328 251 5.0 1629 295 261 185 32 1287 0.77 0.009 0.75
HexaCB-130 2167 592 6261 5.0 37790 628 557 370 5.0 2115 0.29 0441 0.32
HexaCB-132 131 112 108 5.0 452 91 77 69 5.0 300 0.69 0.009 0.72
HexaCB-134 17 5 21 5.0 89 11 5 11 5.0 52 0.64 0.197 0.76
HexaCB-135 183 148 120 5.0 633 143 132 91 50 544 0.78 0.021 0.87
HexaCB-137 820 787 395 79 2161 703 637 365 129 2443 0.86 0.026 0.93
HexaCB-138° 12822 12044 6423 1769 35382 11119 10577 5678 1851 38118 0.87 0.051 0.94
HexaCB-139/149 272 241 208 5.0 772 258 210 161 5.0 786 0.95 0.887 0.92
HexaCB-141 124 94 107 5.0 441 100 92 62 50 289 0.81 0.367 0.84
HexaCB-146 2561 2459 2342 50 10645 2784 2500 1588 315 10306 1.09 0.146 1.33
HexaCB-147 135 120 91 5.0 388 111 107 72 5.0 343 0.82 0.086 0.94
HexaCB-151 432 361 306 5.0 1438 322 265 221 5.0 1259 0.75 0.014 0.81
HexaCB-153° 23994 21388 12484 2937 63114 19416 17712 10455 2919 71922 0.81 0.007 0.90
HexaCB-163/164 4520 3976 2695 473 13653 3399 3048 1851 478 11266 0.75 _ 0.004 0.85
HexaCB-165 841 50 1655 5.0 8665 ND

HeptaCB-170 5219 4721 3206 G15 22524 2989 2575 1655 399 10741 © 057 <0.001 0.58
HeptaCB-172 806 728 525 5.0 3566 425 374 260 46 1680 0.53 <0.001 0.53
HeptaCB-177 1662 1447 1012 5.0 6248 1203 1082 661 177 3773 0.72 <0.001 0.76
HeptaCB-178 1583 1301 1014 5.0 5940 1007 895 619 135 4029 0.64 <0.001 0.68
HeptaCB-179 93 76 73 50 308 30 71 55 5.0 289 0.87 0.394 1.00
HeptaCB-180° 15300 13399 9681 1476 67239 7890 6894 4474 1168 28094 0.52 <0.001 0.54
HeptaCB-181 32 25 27 5.0 122 13 10 11 5.0 54 043 <0.001 0.45
HeptaCB-182/187 7015 6072 4444 741 28509 4082 3583 2445 558 15638 0.58 <0.001 0.63
HeptaCB-183 1924 1651 1120 5.0 6387 1170 1064 613 216 3734 0.61 <0.001 0.65
HeptaCB-191 184 177 119 5.0 671 85 74 53 5.0 300 0.46 <0.001 0.53
OctaCB-194 1976 1721 1120 316 7090 796 656 464 116 3091 0.40 <0.001 0.44
OctaCB-195 500 443 264 85 1444 252 221 128 54 773 0.50 <0.001 0.56
OctaCB-196203 1895 1734 1109 217 7503 G386 567 464 43 2913 0.36 <0.001 0.39
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ND: less than the determination limit.
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 Indicator PCB; CB: chlorinated biphenyl; SD: standard deviation.

3.4. The partitioning ratios of the measured compounds from blood to
breast milk

To understand the partitioning ratio (milk/blood) of PCDDs,
PCDFs, dioxin-like PCBs, and non-dioxin-like PCBs from maternal
blood to breast milk in secundiparous mothers, we estimated
the partitioning ratio of individual congeners of these
compounds. These results, including the data of primiparous
mothers, are presented in Tables 1 and 2. The partitioning ratios
of individual congeners of these compounds in secundiparous
mothers were less than 1.0. In particular, the ratios of
1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin ~ (heptaCDD)  and
1,2,3,4,5,6,7,8-octachlorodibenzo-p-dioxin (octaCDD) tended to
be lower compared to those of other congeners. These results
obtained in the present study are similar to those that have been
recently reported (Schecter et al., 1998; Wittsiepe et al., 2007;
Nakamura et al, 2008). The HepCDD and OctaCDD partition
from maternal blood to breast milk tended to decrease with
the increasing number of chlorines for the PCDD congeners.
Additionally, 2,3,7,8-tetraCDD is mostly bound to lipoprotein
(80%), as well as other plasma proteins (15%) and red blood cells
(5%) in the blood (Henderson and Patterson, 1988). OctaCDD ex-
ists bound to lipoprotein (45%) and other plasma proteins (50%)
in the blood (Patterson et al., 1989). Therefore, it can be as-
sumed from these that the binding capacity of PCDD congeners
to plasma proteins and the different lipophilicity for the PCDD
congeners may influence the partition of PCDD congeners from
blood to breast milk. The arithmetic mean partitioning ratios
of PCDDs, PCDFs; non-ortho PCBs, and mono-ortho PCBs in pri-
miparous and secundiparous mothers were 0.59, 0.70, 0.79,
and 0.95, respectively, and 0.54, 0.66, 0.73, and 0.86, respec-
tively, indicating that the partitioning ratios in primiparous
mothers were almost the same as those in secundiparous moth-
ers, and that the ratios of non-ortho PCBs and mono-ortho PCBs
for both primiparous and secundiparous mothers tended to be
higher than those of PCDDs and PCDFs. In the case of non-diox-
in-like PCBs, these ratios of triCBs, tetraCBs, pentaCBs, hexaCBs,
heptaCBs, octaCBs, and nonaCBs in primiparous and secundip-
arous mothers were 0.48, 0.90, 0.93, 0.87, 059, 0.43, and 0.29,
respectively and 0.47, 0.81, 0.85, 0.80, 0.56, 0.39, and 0.26,
respectively, indicating that each partitioning ratio in primiparas
was also nearly the same as that in secundiparas, and that the
ratios of tetraCBs, pentaCBs, and hexaCBs for both primiparous
and secundiparous mothers tended to be higher compared to
those of triCBs, heptaCBs, octaCBs, and nonaCBs. Among PCB
congeners of tetraCBs, pentaCBs, and hexaCBs for both primipa-
rous and secundiparous mothers, tetraCB-63, pentaCB-107/108,
pentaCB-114, pentaCB-117, hexaCB-137, hexaCB146, hexaCB-
147, and hexaCB-156 with chlorine atoms at the 2-, 3-, 4/-,
and 5-positions of the biphenyl ring and tetraCB-74, pentaCB-
99, pentaCB-114, pentaCB-118, hexaCB-137, hexaCB-138, hex-
aCB-153, hexaCB-156, and hexaCB-167 having chlorine atoms
at the 2-, 4-, 4'~, and 5-positions of the biphenyl ring tended
to partition from maternal blood to breast milk at higher levels
than those of other congeners. In particular, the levels of tet-
raCB-74 and hexaCB-146 in the breast milk for both primiparous
and secundiparous mothers were slightly higher than those in
the blood. These findings suggested that the partitioning ratio
of individual congeners of PCDDs, PCDFs, dioxin-like PCBs, and
non-dioxin-like PCBs from maternal blood to breast milk in wo-
men is little affected by delivery, and that each congener of di-
oxin-like PCB and non-dioxin-like PCBs with chlorine at the 2-,
3-, 4'-, and 5-positions or the 2-, 4-, 4'-, and 5-positions of the
biphenyl ring should be targeted in future assessments of these
PCB congeners in the infant body.
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4. Conclusion

This study extends our previous studies by reporting the levels
of PCDDs, PCDFs, dioxin-like-PCBs, and non-dioxin-like PCBs in
paired samples of blood and breast milk collected from secundip-
arous mothers. The present study was one of the few studies where
the partitioning ratios of individual congeners of dioxin-like com-
pounds and non-dioxin-like PCBs from maternal blood to breast
milk in child-bearing women were determined. Therefore, these
data may provide important information regarding the health risk
of these compounds in infants. In the future, collection of these
data from many more mothers is warranted. Further research must
be undertaken in the context of epidemiological investigations to
more accurately assess the effects of these compounds on children.
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Maternal smoking is a critical public health concern requiring the establishment of its prevalence rate and
clinical impact. Maternal self-reported information of tobacco smoke exposure requires validation using ac-
curate biochemical analysis. This study examined the association between self-reported exposure to tobacco
smoke and plasma cotinine level in Japanese pregnant women. We collected information about smoking and
secondhand smoke (SHS) exposure during pregnancy from:5128 pregnant women in a prospective cohort
design, and analyzed biochemically maternal blood samples using the enzyme-linked immunosorbent
assay (ELISA) technique. Based on self-reports, the subjects were classified into three groups: 650 smokers,
728 ex-smokers and 3750 non-smokers. Using the receiver operating characteristic (ROC) curve, plasma co-
tinine cut-off value of 11.48 ng/mL was established for separating smokers from non-smokers, resulting in a
smoking prevalence of 14%. A cotinine cut-off value of 0.21 ng/mL for discriminating exposed and unexposed
nonsmokers resulted in a 63% prevalence of exposure to tobacco smoke among nonsmokers. Cotinine bio-
marker analysis proved accurate in validating self-reported smoking information in the subjects. Lower valid-

ity of SHS exposure suggests a need to confirm questionnaire information with-biochemical analysis.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Exposure to tobacco smoke during pregnancy is hazardous to the
health of both the mother and her fetus (Kelly et al, 2005; Wu
et al, 2007; Sasaki et al., 2008). In spite of the knowledge of this
fact, it is surprising that some pregnant women still smoke actively
or passively. Accurate measurement of the true exposure level is
somehow difficult. However, different methods employed range
from administration of questionnaires to biochemical analysis of co-
tinine in body fluids (urine, blood, saliva) and hair. One of the limita-
tions of studies that evaluated smoking status of pregnant women by
self-administered questionnaires only is misclassification or recall
bias (Windham et al, 2000; Fantuzzi et al, 2007; Jaddoe et al,
2008). Smokers have difficulty in reporting smoking behavior cor-
rectly and nonsmokers could not recall secondhand smoke (SHS) ex-
posure precisely. Hence, the use of biomarkers to validate the
evaluation of smoking habit and SHS exposure reported through
questionnaire information was introduced lately (Lindqvist et al,
2002; McDonald et al., 2005; Chiu et al., 2008).

Cotinine, the major proximate metabolite of nicotine, is the bio-
marker for both active and secondhand exposure to tobacco smoke
(Benowitz et al,, 2009). Its analysis can be performed using blood,

* Corresponding author. Tel.: +81 11 706 4747; fax; -+ 81 11 706 4725,
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0048-9697/$ ~ see front matter © 2011 Elsevier B.V. All rights reserved,
doi: 10.1016/j.scitotenv.2011.10.019

urine, hair or saliva (Al-Delaimy et al., 2000; Etter et al., 2000; George
et al., 2006; Man et al., 2009). It has a relatively longer half-life of ap-
proximately 17 h, higher sensitivity and greater specificity than nico-
tine (Benowitz, 1996). During pregnancy, level of cotinine in the
blood is reduced due to its increased clearance and shortened half-
life (Dempsey et al., 2002). Although the mechanism is not yet
known, it has been reported that pregnancy has varying and irregular
effect on the metabolic clearance of drugs (Loebstein et al,, 1937).

Prenatal tobacco smoke exposure is a critical public health concern.
As such, it is important to assess the validity of pregnant women's
smoking and exposure status for research purposes (McDonald et al.,
2005; Man et al, 2009). Using blood plasma cotinine as a biomarker
for-assessment of smoking status, it was observed that though the va-
lidity of self-reported smoking is high, that of SHS is low (George
et’al, 2006). Among 406 self-reported nonsmokers, a study identified
6% smokers and 3% passive smokers (Lindqvist et al,, 2002). An assay
of second trimester maternal serum cotinine showed a low correlation
(r=0.39) between cotinine concentration and self-reports (DeLorenze
etal, 2002), whereas a direct relationship between self-reported infor-
mation on tobacco smoke exposure in pregnant women and the levels
of cotinine in the umbilical cord-blood of the fetus was found in anoth-
er study (Chiu et al,, 2008).

Studies on the correlation of questionnaire information on maternal
smoking status with cotinine concentrations have inconsistent results.
Furthermore, standardized cut-off values for distinguishing smokers
from nonsmokers, and exposed from unexposed nonsmokers are yet



