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Abstract

Objective Maternal exposure to dioxins [polychlorinated
dibenzo-p-dioxins (PCDDs) and dibenzofurans (DFs)]
during pregnancy is known to affect infant growth and
neurodevelopment in humans and animals. The aim of this
study was to investigate the relationship between newborn
size and the concentration of dioxin isomers in breast milk
and to subsequently evaluate the potential toxicity of each
dioxin isomer among mothers living in sea coast areas who
are at a high risk of contamination due to a high con-
sumption of fish.

Methods A total of 75 milk samples were obtained within
1 month of delivery from Japanese mothers living in the

K. Tawara - M. Nishijo (<)) - S. Maruzeni - H. Nakagawa
Department of Public Health,

Kanazawa Medical University, 1-1 Daigaku,

Uchinada, Ishikawa 920-0293, Japan

e-mail: ni-koei@kanazawa-med.ac.jp

R. Honda

Department of Social and Environmental Health,
Kanazawa Medical University, 1-1 Daigaku,
Uchinada, Ishikawa 920-0293, Japan

T. Seto

Department of Obstructive and Gynecology,
Kanazawa Medical Hospital, 1-1 Shimo-Ishibiki,
Kanazawa, Ishikawa 920-8650, Japan

T. Kido

School of Health Sciences, Kanazawa University,
5-11-80 Kodatsuno, Kanazawa,

Ishikawa 920-0942, Japan

S. Saito

Department of Obstructive and Gynecology,
Faculty of Medicine, University of Toyama,
2630 Sugitani, Toyama 930-0194, Japan

@ Springer

coastal areas of the Japan Sea. The relationships between
the levels of seven dioxins and ten furan isomers in
maternal breast milk, measured by high-resolution-gas
chromatography/mass spectrometry, and the birth size of
newborns, which is related to fetal growth, were investi-
gated after adjustment for confounding factors.

Results The concentrations of 1,2,3,6,7,8-HxCDD
(hexachlorodibenzo-p-dioxin), 2,3,4,7,8-PeCDF (penta-
chlorodibenzofuran), 2,3,4,6,7,8-HxCDF, and three dioxin
toxic equivalent (TEQ) levels (PCDDs-TEQ, PCDFs-TEQ,
and total-TEQ) in maternal breast milk were inversely
correlated to newborn length even after adjustment for
gestational weeks, infant sex, and maternal age and height.
These isomers were abundant among the 17 isomers tested
and reflected the TEQ levels. Only 2,3,7,8-tetrachlo-
rodibenzo-p-dioxin (2,3,7,8-TCDD), the most toxic isomer,
was negatively correlated with newborn head circumfer-
ence, even after adjustment for gestational weeks, infant
birth weight, and other confounding factors.

Conclusions Based on our results, fetal growth may be
influenced by maternal total exposure to dioxins, but only
exposure to 2,3,7,8-TCDD would appear to possibly affect
fetal head size during pregnancy.

Keywords Birth size - Breast milk - Dioxins -
Newborn - 2,3,7,8-Tetrachlorodibenzo-p-dioxin

Introduction

Polychlorinated dibenzo-p-dioxins (PCDDs) and dib-
enzofurans (DFs), commonly referred to as dioxins, are
well-known unintentional hazardous by-products of
numerous industrial processes, such as waste incineration,
pesticide manufacturing, and pulp and paper bleaching.
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The effects of environmental exposure to PCDDs/DFs on
subsequent generations of the general population have been
a focus of public concern since these substances have been
suggested to be environmental endocrine disruptors.

Based on studies of pregnant women who were acci-
dentally exposed to high levels of polychlorinated
biphenyls (PCBs) and PCDDs/DFs, it has been suggested
that maternal exposure to dioxins can affect fetal growth
and infant development. A well-known example of acci-
dental exposure is the incident at Seveso, Italy in 1976 [1],
and evidence for an alteration in the infant sex ratio in the
offspring of the residents of Seveso with high serum
2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) levels
(range 104-2340 pg/g-lipid) was reported in a 10-year
follow-up survey from 1976 to 1985 [2, 3]. Other occur-
rences include exposure of Vietnamese populations to the
herbicide and defoliant Agent Orange, which contains high
levels of dioxins, between 1962 and 1971 as a result of
spraying for military purposes. An increase in the incidence
of birth defects in the offspring of Vietnamese and
U.S. veterans assigned to the defoliated areas has been
recorded [4]. In Japan and Taiwan, “Oil disease”
(Japanese, “Yusho”, Taiwanese, “Yu-Cheng”) occurred
when cooking oil contaminated with very high levels
of PCBs and PCDDs/DFs was accidently consumed.
Yu-Cheng children born to exposed mothers had low birth
weights [5] and delayed cognitive development [6].

In a Dutch population-based study, residents with low
or background exposure to dioxins, showed lower infant
birth weights [7]. In this study, dioxins in the breast milk
were quantified as the dioxin toxic equivalent (TEQ),
which was then multiplied by the duration in weeks of
breast feeding to obtain an index of postnatal exposure.
However, fat in breast milk is mainly derived from
mobilized adipose or hepatic lipids [8], and dietary mea-
sures did not influence the dioxin levels in breast milk [9],
suggesting that dioxins in breast milk indicate the dioxin
level in the mother’s fat stores before and during preg-
nancy. In addition, it is easier to analyze all 17 PCDD/DF
isomers in breast milk samples and compare these with the
levels found in serum samples because of the much higher
fat content in breast milk.

It is believed that seafood is a major source of exposure
to dioxins in Japan. Traditional eating habits based on the
consumption of rice and fish products are deeply rooted
among the residents of the Japan Sea coastal areas where a
high fish intake can lead to exposure to dioxins. Accord-
ingly, we examined the relationship between newborn birth
size, which is related to fetal growth, and dioxin isomer
levels in maternal breast milk as an indicator of maternal
PCDD/DF exposure. Our aim was to evaluate the health
effects of each dioxin isomer among Japanese residents
living in sea coast areas at a risk of dioxin exposure.

Subjects and methods
Subjects and data collection

The study area was Hokuriku District, which is located in a
coastal area of the Japan Sea. Residents of this area pre-
dominantly consume the traditional Japanese diet based on
rice and seafood. We recruited Japanese mother—infant
pairs, who stayed in the hospital after delivery and coop-
erated in donating their milk samples and providing clinical
information before and during delivery. The mothers was
asked to complete a self-administered questionnaire on
parity, clinical history of pregnancy, height, weight before
pregnancy and weight before delivery, smoking habit,
alcohol consumption, dietary habits, and occupational
history, and the information was confirmed by maternity
nurses. No differing characteristics related to socioeco-
nomic status, nutrition, and health management were
observed among the mothers. Table 1 shows some of the
clinical and population characteristics provided by the
questionnaire. Of the 75 women who participated in the
study, 72% were homemakers, and only two women
smoked during pregnancy. The gestational age and body
build of all the infants at birth are also shown in Table 1.
Three pre-term (<37 gestational weeks) babies and seven
low birth weight (<2500 g) babies were included in this
study. Breast milk samples were collected into polypro-
pylene tubes from the mothers in the first month after
delivery and stored at —20°C until analysis.

Informed consent for this study was obtained from the
subjects in the appropriate manner, and the study was
approved by the institutional ethics board for epidemio-
logical studies at Kanazawa Medical University.

Analysis of PCDDs/DFs in milk samples

Fat in breast milk was extracted from 10 ml of each sam-
ple, and the fat content was determined by the method
reported by Patterson et al. [10]. After 2,3,7,8-substituted
13C-labeled PCDDs/DFs as internal standards were added
to the fat extract, a series of purification operations con-
sisting of alkali digestion and chromatography on a multi-
layered column of silica gel and on a single-layered column
of activated carbon dispersed on silica gel was carried out
to separate and collect the PCDDs/DFs [11]. The final
extract was concentrated by evaporation to 20 pl. Quanti-
fication was performed by a gas chromatograph equipped
with a high-resolution mass spectrometer (HR-GC/MS;
MStation-JMS700, JEOL), operating in the selected ion
monitoring (SIM) mode. The gas chromatograph (HP-
6980; Hewlett-Packard, Palo Alto, CA) was equipped with
an ENV-5MS column. The detection limit of <0.02 pg/g
on a lipid basis was achieved at a signal-noise (S/N) ratio
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Table 1 Population
characteristics of 75 mother—
infant pairs

Study population characteristics

Values

Mothers
Age? (years)
Height* (cm)
Weight before pregnancy” (kg)
BMI before pregnancy®
Weight (kg) before delivery®
BMI before delivery®
Primipara, n (%)
Delivery by cesarian section, n (%)
Smoking habit before pregnancy, n (%)
Smoking habit during pregnancy, n (%)
Alcohol consumption before pregnancy, n (%)
Alcohol consumption during pregnancy, n (%)
Occupation (house-wife), n (%)

29.8 (4.0, 20-38)
158.0 (4.6, 147-171)
52.5 (7.8, 41-96)
21.0 (2.7, 17.0-34.0)
61.5 (7.8, 44.5-98)
24.6 (2.7, 19.8-34.7)
40 (53.3)

9 (12.0)

11 (14.7)

2.7

24 (32.0)

6 (8.0)

54 (72.0)

Infants

Gestational age (weeks)*

BMI, Body mass index

? Values are given as the mean.
Values presented in parenthesis
are the standard deviation
followed by the minimum—
maximum values

Length* (cm)
Weight” (g)
Chest circumference® (cm)

Head circumference® (cm)

Sex, number of boys, (sex ratio)

38.9 (1.5, 34-42)
37 (0.97)

49.5 (2.0, 42-53)

3,075 (440.5, 2028-4052)
32.0 (2.1, 27-37.5)

33.2 (1.4, 30-36)

of 3. In addition to the respective concentrations of the 17
isomers, TEQs of PCDDs, PCDFs, and total dioxins were
calculated for each sample, with reference to the interna-
tional Toxicity Equivalent Factor (TEF) of the World
Health Organization (WHO-TEF 1998) [12]. All concen-
trations of each isomer and TEQs were determined in a
lipid base.

Statistical analysis

Data were statistically analyzed using the SPSS (ver. 11.0)
software package for Windows (SPSS, Chicago, IL).
Logarithmetric transformation of the measured values of
PCDDs/DFs was performed to improve normality. We
analyzed the measurements of all breast milk samples
regardless of collection period because there was no sig-
nificant difference in the PCDDs/DFs levels between the
samples collected within 1 month of delivery and those
collected on postpartum days 5-8. A value equal to half of
the detection limit was used for subjects with a level under
the detection limit. Spearman’s correlations were per-
formed to determine the association between newborn
build and PCDD/DF levels in breast milk, and that between
the newborn and mother’s variables. Multiple linear
regression analysis was used to estimate associations
between newborn build and PCDDs/DFs in maternal breast
milk after adjustment for confounding factors. A signifi-
cance level of P < 0.05 was used for all statistical tests.

@ Springer

Results
Levels of PCDDs/DFs in breast milk

Table 2 shows the levels of seven PCDD isomers and ten
PCDF isomers in breast milk. In particular, high levels of
PCDD isomers OCDD (1,2,3,4,6,7,8,9-octachlorodibenzo-
p-dioxin) and 1,2,3,6,7,8-HXCDD (hexachlorodibenzo-
p-dioxin) were detected, at concentrations of 57.16 and
13.67 pg/g-lipid, respectively, followed by 1,2,3,4,6,7,
8-HpCDD and 1,2,3,7,8-PeCDD (pentachlorodibenzofu-
ran). The concentration of 2,3,7,8-TCDD, the most toxic
isomer, was 0.81 pg/g-lipid. The most abundant PCDF was
2,3,4,7,8-PeCDF, at a concentration of 8.14 pg/g-lipid. The
levels of 2,3,7,8-TCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,
8-HxCDF, 2,3,4,6,7,8-HxCDF, and 1,2,3,4,6,7,8-HpCDF
ranged from 1 to 2 pg/g-lipid and reflected the levels of the
PCDFs-TEQ. The level of PCDDs-TEQ, 6.86 pg/g-lipid-
TEQ, was higher than the PCDFs-TEQ level (4.89 pg/
g-lipid-TEQ).

Relationships between newborn build and dioxin
isomers in maternal breast milk

To clarify the effects of these dioxin isomers on infant
growth, we examined the relationship between newborn
size at birth and dioxin isomers in maternal breast milk as
an indicator of maternal exposure. Table 3 shows simple
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Table 2 Levels” of polychlorinated dibenzo-p-dioxins and dibenzo-
furans (pg/g-lipid) in 75 breast milk samples from women residing
in a coastal area along the Japan Sea

PCDDs/PCDFs Mean (SD) Minimum Maximum
PCDDs
2,3,7,8-TCDD 0.81 (2.20) 0.10 4.34
1,2,3,7,8-PeCDD 4.19 (1.74) 0.56 11.28
1,2,3,4,7,8-HxCDD 1.44 (1.95) 0.15 5.01
1,2,3,6,7,8-HxCDD 13.67 (1.80) 1.98 37.55
1,2,3,7,8,9-HxCDD 1.94 (3.01) 0.82 7.82
1,2,3,4,6,7,8-HpCDD 6.78 (1.84) 1.24 25.36
OCDD 56.16 (1.72) 14.28 250.04
PCDFs
2,3,7,8-TCDF 1.02 (1.82) 0.10 3.76
1,2,3,7,8-PeCDF 0.29 (3.92) ND 1.64
2,3,4,7,8-PeCDF 8.14 (1.76) 1.08 20.99
1,2,3,4,7,8-HxCDF 2.25 (1.80) 0.31 12.62
1,2,3,6,7,8-HxCDF 2.27 (1.78) 0.25 791
2,3,4,6,7,8-HxCDF 1.46 (2.11) 0.11 7.05
1,2,3,7,8,9-HxCDF 0.03 (13.94) ND 0.77
1,2,3,4,6,7,8-HpCDF 1.19 (2.95) ND 7.63
1,2,3,4,7,8,9-HpCDF 0.04 (13.74) ND 1.57
OCDF 0.55 (20.65) ND 11.30
PCDDs-TEQ 6.86 (1.76) 0.97 16.68
PCDFs-TEQ 4.89 (1.74) 0.97 11.96
PCDDs/DFs-TEQ 11.75 (1.71) 1.94 28.67

PCDDs, Polychlorinated dibenzo-p-dioxins; DF, dibenzofurans;
PCDFs, polychlorinated dibenzofurans; OCDD, 1,2,3,4,6,7,8,9-octa-
chlorodibenzo-p-dioxin; TCDF, tetrachlorodibenzofuran; PeCDF,
pentachlorodibenzofuran; HxCDD, hexachlorodibenzo-p-dioxin;
TEQ, dioxin toxic equivalent

Mean, Geometric mean; SD, geometric standard; ND, not detectable
* Values are given in picograms per gram lipid (pg/g-lipid)

correlation coefficients by the Spearman’s rho test between
each dioxin isomer in breast milk versus newborn build at
birth and gestational age among the 75 mother—infant pairs.
A significant inverse correlation was observed between
newborn length and 1,2,3,6,7,8-HxCDD (r = —0.253,
P < 0.05). Moreover, newborn length showed significant
inverse correlations with 2,3,4,7,8-PeCDF (r = —0.307,
P <0.01), 2,3,4,6,7,8-HXxCDF (r = —0.244, P < 0.05),
and 1,2,3,4,7,8,9-HpCDF (r = —0.278, P < 0.01). In
addition, a statistically significant negative correlation
was observed between newborn length and three TEQ
levels: PCDDs-TEQ (r = —0.227, P < 0.05), PCDFs-TEQ
(r=-0.276, P <0.05), and total-TEQ (r = —0.255,
P < 0.05). However, a significant positive correlation was
observed between newborn length and 1,2,3,7,8,9-HxCDF
(r = 0.238, P < 0.05) in maternal breast milk.

Head circumference showed a significant inverse cor-
relation only with 2,3,7,8-TCDD (r = —0.300, P < 0.01).

No significant correlation was observed between any
dioxin isomers and weight or chest circumference of
newborns at birth.

The relationships between dioxin isomers or TEQ levels
in maternal breast milk and newborn length at birth after
controlling for maternal age, maternal height, infant gender
and gestational age (weeks) were then investigated by
multiple linear regression analysis, since maternal age was
inversely correlated with newborn length (r = —0.271,
P < 0.05) and gestational week (r=—0.282, P < 0.05)
among these mother—infant pairs, and infant build is known
to be related to maternal build. Smoking habit was not
selected to be an explanatory factor because of the small
number of smokers and the lack of difference in infant
build between smokers, including ex-smokers and non-
smokers. Parity was also not included in the confounding
factors because there were no significant differences in
infant build and dioxin levels in breast milk between
primiparas and multiparas. Dioxin level has been reported
to be affected by parity in Japanese mothers, with signifi-
cant decreased dioxin level of multiparas who delivered
more than three babies, as compared with primiparas [13].
However, almost all multiparas were secundiparas in our
study. Moreover, parity is also related to maternal age,
which was known to influence dioxin levels in Japanese
women[ 14], and was included as one of explanatory factors
of the multiple regression model in this study.

As shown in Table 4, 1,2,3,6,7,8-HxCDD, 2,3,4,7,8-
PeCDF, 2,3,4,6,7,8-HxCDF and all three TEQ Ilevels
(PCDDs-TEQ, PCDFs-TEQ, and total-TEQ) were inver-
sely correlated to newborn length even after adjustment for
confounding factors. However, a significant correlation of
1,2,3,7,8,9-HxCDF and 1,2,3,4,7,8,9-HpCDF with new-
born height, as estimated by the Spearman’s simple
correlation, was not found in the multiple linear regression
analysis. Conversely, 1,2,3,7,8-PeCDD and 1,2,3,6,7,8-
HxCDF, which showed no significant correlation by the
Spearman’s rho test (Table 3), showed a significant inverse
correlation to newborn length after controlling for con-
founding factors.

To analyze the relationships between newborn head
circumference and PCDD/DF isomers in maternal breast
milk, we added birth weight to the confounding variables
in order to adjust for body size in multiple linear regression
analyses. 2,3,7,8-TCDD was inversely related to infant
head circumference at birth even after adjustment for
confounding factors (Table 5).

Discussion

We found that five PCDD/DF isomers were inversely
correlated with newborn length at birth after adjustment for
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Table 3 Simple correlation
coefficients between newborn
size and dioxin isomers in
maternal breast milk among 75
Japanese mother—infant pairs

*P < 0.05, **P < 0.01 by
Spearman’s rho test

Table 4 Relationships between
newborn length and the PCDD/
DF isomers and TEQ levels
after adjustment for
confounding factors by multiple
linear regression analysis

HpCDF, Heptafuran; HpCDD,
heptadioxin

Covariates in the multiple
regression analysis included
mother’s age and height,
newborn gender, and gestational
weeks

@ Springer

PCDDs/DFs in milk Birth size
Length Weight Chest Head Gestational
weeks
2,3,7,8-TCDD —0.107 —0.074 0.069 —0.300%* —0.058
1,2,3,7,8-PeCDD —0.195 0.027 0.153 —0.115 0.021
1,2,3,4,7,8-HxCDD —0.132 0.062 0.153 —0.020 0.081
1,2,3,6,7,8-HxCDD —0.253* —0.069 0.085 —0.180 —0.054
1,2,3,7,8,9-HxCDD —0.141 0.025 0.128 —0.048 0.024
1,2,3,4,6,7,8- —0.141 0.025 0.128 —0.048 0.024
HxCDD
OCDD —0.064 0.045 0.163 —0.167 0.090
2,3,7,8-TCDF 0.161 0.173 0.176 0.088 —0.001
1,2,3,7,8-PeCDF —0.011 —0.044 0.102 —0.082 0.073
2,3,4,7,8-PeCDF —0.307%*%* —0.110 0.013 —0.185 —0.088
1,2,3,4,7,8-HxCDF —0.094 —-0.016 0.081 —0.155 0.051
1,2,3,6,7,8-HxCDF —0.151 —0.091 0.067 —0.157 0.105
2,3,4,6,7,8-HxCDF —0.244* —0.098 0.082 —0.158 0.090
1,2,3,7,8,9-HxCDF 0.238* —0.001 0.008 0.125 0.025
1,2,3,4,6,7,8- 0.120 0.157 0.218 0.005 0.103
HxCDF
1,2,3,4,7,8,9- —0.278%** 0.145 0.086 0.159 0.207
HxCDF
OCDF 0.170 0.027 —0.094 —0.051 0.082
PCDDs-TEQ —0.227 —0.030 0.124 —0.170 —0.011
PCDFs-TEQ —0.276* 0.095 0.019 0.174 —0.066
PCDDs/DFs-TEQ —0.255* —0.056 0.081 —0.181 —0.043
PCDDs/DFs in milk Beta coefficient Standardized P
(SE) coefficient value
2,3,7,8-TCDD —0.595 (0.594) —0.101 0.320
1,2,3,7,8-PeCDD —1.793 (0.829) —0.215 0.034
1,2,3,4,7,8-HxCDD —0.513 (0.714) —-0.074 0.475
1,2,3,6,7,8-HxCDD —2.086 (0.789) —0.265 0.010
1,2,3,7,8,9-HxCDD 0.763 (0.607) —0.129 0.213
1,2,3,4,6,7,8- —1.157 (0.758) —0.153 0.132
HpCDD
OCDD 0.779 (0.876) —0.091 0.377
2,3,7,8-TCDF 0.910 (0.761) 0.118 0.236
1,2,3,7,8-PeCDF —0.376 (0.029) —0.016 0.875
2,3,4,7,8-PeCDF —1.744 (0.127) —0.212 0.038
1,2,3,4,7,8-HxCDF —1.003 (0.085) —0.127 0.206
1,2,3,6,7,8-HxCDF —1.980 (0.792) —0.245 0.015
2,3,4,6,7,8-HxCDF —1.493 (0.028) —0.241 0.016
1,2,3,7,8,9-HxCDF 7.750 (0.127) 0.162 0.115
1,2,3,4,6,7,8-HpCDF 0.229 (0.044) 0.070 0.502
1,2,3.4,7,8,9-HpCDF 3.649 (3.451) 0.111 0.294
OCDF —0.451 (0.384) —0.113 0.244
PCDDs-TEQ —1.925 (0.829) —0.230 0.023
PCDFs-TEQ —1.725 (0.849) —0.202 0.046
PCDDs/DFs-TEQ —1.908 (0.858) —0.220 0.029
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Table 5 Relationships between

X PCDDs/DFs in milk Beta coefficient Standardized P
newborn head circumference (SE) coefficient value
and the PCDD/DF isomers and
TEQ levels in breast milk after 5 3 7 ¢ TcpD —0.891 (0.352) ~0.220 0.014
adjustment for confounding
factors by multiple linear 1,2,3,7,8-PeCDD —0.736 (0.520) —0.128 0.161
regression analysis 1,2,3,4,7,8-HxCDD —0.115 (0.442) —0.024 0.796

1,2,3,6,7,8-HxCDD —0.606 (0.505) —-0.112 0.235
1,2,3,7,8,9-HxCDD —0.144 (0.379) —0.380 0.705
1,2,3,4,6,7,8- —0.773 (0.466) —0.148 0.102
HpCDD
OCDD —0.325 (0.544) —0.055 0.552
2,3,7,8-TCDF —0.061 (0.480) —0.011 0.899
1,2,3,7,8-PeCDF —1.149 (1.467) —-0.071 0.436
2,3,4,7,8-PeCDF —0.754 (0.519) —0.101 0.273
1,2,3,4,7,8-HxCDF —0.606 (0.486) —0.112 0.216
1,2,3,6,7,8-HxCDF —0.393 (0.510) —0.071 0.444
2,3,4,6,7,8-HxCDF —0.166 (0.392) —0.039 0.673
1,2,3,7,8,9-HxCDF 2.128 (3.307) 0.065 0.486
1,2,3,4,6,7,8-HpCDF —0.234 (0.273) —0.079 0.393
1,2,3,4,7,8,9-HpCDF 0.892 (2.141) 0.039 0.678
Covariates in multiple OCDF —0.002 (0.096) —0.002 0.983
regression analysis included PCDDs-TEQ —0.861 (0.520) —0.150 0.102
mother’s age and height, PCDFs-TEQ —0.623 (0.534) —0.106 0.247
newborn gender and weight, PCDDs/DFs-TEQ —0.812 (0.538) ~0.136 0.136

and gestational weeks

confounding factors among Japanese mother—infant pairs
living in an area where residents eat a traditional Japanese
diet that includes plenty of seafood. The finding that the
TEQ levels of these isomers correlated with newborn
length can be contributed to the increase in the total TEQ
levels of PCDDs, PCDFs, and all PCDDs/DFs. In partic-
ular, 1,2,3,7,8-PCDD (4.19 pg/g-lipid TEQ), 1,2,3,6,7,
8-HxCDD (1.37 pg/g-lipid TEQ), and 2,3,4,7,8-PCDF
(4.07 pg/g-lipid TEQ) accounted for 83% of all PCDDs/
DFs-TEQ (11.75 pg/g-lipid TEQ). These data suggest that
newborn length was not affected by a specific dioxin iso-
mer—rather it was affected by the total toxicity of dioxins.
In contrast, 2,3,7,8-TCDD, which had a TEQ of 5.3% of
PCDDs/DFs-TEQ, was the only isomer significantly cor-
related with newborn head circumference, which we used
as an index for estimating the brain weight of newborns
[15]. This results suggests that the toxicity of 2,3,7,
8-TCDD may be specific to the development of the central
nervous system. However, the length and head circumfer-
ence of almost all newborns tested were within the normal
range: only one girl was under the 3 percentile of Japanese
neonatal length, and one boy showed a smaller head cir-
cumference than the 3rd percentile of Japanese neonatal
head circumference, based on the national infant growth
survey of 2000 [16]. Moreover, newborns in this study had
no observable clinical findings at birth, such as congenital
anomalies. We are following this newborn cohort for
possible future adverse effects on neurodevelopment.

Although previous epidemiological studies have repor-
ted associations between decreased birth weight and low-
dose exposure to PCDDs/DFs during pregnancy [7], we did
not find any association of PCDD/DF isomers with new-
born weight. In addition to the birth weight, newborn
length at birth is a powerful parameter of fetal growth. It
has become evident recently that short length at birth may
lead to stunting during childhood, which increases the risk
of poor school performance and poor physical activity [17].
Therefore, our results of an association between newborn
length at birth and total TEQ of dioxins suggest that
maternal exposure to dioxins affects fetal linear growth and
possibly development during infancy and childhood. Nak-
ajima et al. [18] reported that the total PCDD level in
maternal plasma during pregnancy was associated with a
decreased mental development score in 6-month-old
infants in a Japanese cohort, suggesting that total dioxin
levels may influence infant development after birth.
Moreover, birth length is also known to be a predictive
indicator of adult height [19], and short height in adulthood
can be a risk factor for death from cardiovascular and other
diseases [20]. Therefore, the effect of dioxins on newborn
length may lead to poor health not only in childhood but
also in adulthood, indicating that the maternal environment
should be improved to decrease dioxin exposure during
pregnancy.

The dioxin congener pattern in the breast milk of our
subjects was similar to that reported in residents of urban
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cities, such as Saitama [21], Tokyo [22], and Osaka [23],
who were mainly contaminated by consuming contami-
nated food, indicating that food was an important source of
dioxin contamination in these subjects. In particular, the
first to second trimester of pregnancy may be a sensitive
period for dioxin exposure because newborn length at birth
is associated with maternal weight gain, which is in turn
related to maternal nutritional status during these trimesters
[17]. It is believed that seafood is a major source of
exposure to dioxins, and populations with a high intake of
fish, especially fish with a high fat content, and living on
the coast or in bays are at high risk of contamination. The
answers to a food frequency questionnaire we carried out in
an earlier study revealed an association between mothers
with a higher estimated fish intake and higher 2,3,7,8-
TCDD levels in their breast milk [24]. The data of that
survey also suggested that a large intake of vegetables and
fruits resulted in an increased exposure to dioxin, as the
PCDFs-TEQ in breast milk was higher in mothers who ate
fruit every day, and the levels of 1,2,3,6,7,8-HxCDD and
2,3,4,7,8-PCDF in breast milk were higher in mothers who
had large servings of yellow-green vegetables [24]. Thus,
not only consumers of fat-rich animal food but also those
of agriculture products might be at risk of exposure to/
intake of dioxins from the general environment; in partic-
ular, Japanese rural areas, such as the area covered in our
study, have a greater chance of being exposed to agricul-
tural chemicals.

Head circumference at birth is another parameter of fetal
growth, but can be changed independently of weight and
height. Continued smoking at a relatively high level
throughout pregnancy [25] and poor nutritional status, such
as —3 polyunsaturated fatty acid and zinc deficiency during
pregnancy [26, 27], have been reported to induce a dis-
proportionate decrease in newborn head circumference at
birth. Fein et al. [28] investigated the effects of maternal
exposure to heavy PCBs exposure on fetal growth due to
the consumption of contaminated fish in Lake Michigan,
USA, and found disproportionately smaller head circum-
ference in relation to birth weight in infants whose mothers
had 15 pg/g-lipid or more PCBs in their serum, as com-
pared with the infants of mothers with PCBs <15 pg/g-
lipid. However, head circumference has not been used as
an index of fetal growth in previous studies of infants
exposed to PCDDs/PCDFs [7, 29], with the exception of a
previous study carried out by our group which reported that
the concentration of 2,3,7,8-TCDD negatively correlates
with newborn head circumference without any associations
between 2,3,7,8-TCDD and other parameters of infant
build [30]. The present study confirmed this result in a
large number of the subjects.

2,3,7,8-Tetrachlorodibenzo-p-dioxin is the most toxic
isomer of the dioxins, and several animal studies have
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demonstrated that maternal exposure to 2,3,7,8-TCDD
affects neurodevelopment and induces neuro-behavioral
alterations in offspring rats, such as working memory in a
radial arm maze [31], operant responding in running
wheels or two-lever chamber [32], and discrimination-
reversal learning [33]. We have also reported that
maternal exposure to 2,3,7,8-TCDD during pregnancy
significantly delays fetal brain growth and affects the
active avoidance behavior of rat offspring during the
growth period [34]. In particular, we found a develop-
mental delay in the forebrain, which suggests that 2,3,7,8-
TCDD affects the limbic system, which in turn plays an
important role in avoidance behaviors [34]. A functional
change in the limbic system can induce not only learning
deficits but also emotional disturbances, and 2,3,7,8-
TCDD may therefore affect both the emotional develop-
ment and cognitive development of the human infant.
A well-designed epidemiological study to investigate
cognitive and emotional development is necessary in the
future to clarify the effects of 2,3,7,8-TCDD on brain
development in human infants.
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