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Abstract

Background: The relation between the levels of dioxins in human breast milk and the smoking habits of the mothers is controversial.
To clarify this relationship, we analyzed data from the human milk survey in Japan.

Methods: The human milk survey has been conducted in Japan since 1997. Healthy pregnant women aged 20-39 years were recruited
and 50 ml of breast milk was collected from them at 30 days after delivery. PCDDs, PCDFs, and dioxin-like PCBs were measured by
using GC/MS. The smoking habits of the mothers were established by interviewing them soon after delivery and were classified into four
categories: current smokers, ever smokers who quit smoking at the pregnancy, ever smokers who quit smoking before the pregnancy, and
never smokers. The levels of dioxins in breast milk were compared in the four categories of smoking among 853 primiparas. In addition,
we analyzed the association between dioxin levels and passive smoking among never smokers. The geometric means of the dioxin con-
centrations were calculated in order to compare the differences between dioxins.

Results: The geometric means of dioxin-like PCBs in milk of never smokers was the highest (9.2 pg TEQ/g fat); followed by ever
smokers who quit smoking before the pregnancy, ever smokers who quit smoking at the pregnancy, and current smokers (7.5, 7.2,
and 6.6 pg TEQ/g fat, respectively). The differences between these levels were statistically significant (ANOVA, p < 0.001). No significant
difference was observed between the level of dioxins in milk from never smokers subjected to passive smoking status and those who had
not experienced passive smoking.

Conclusion: The levels of dioxin-like PCBs in human milk were negatively related to the smoking habits of mothers.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Cigarette smoking; Dioxins; Dioxin-like PCBs; Epidemiology; Human milk: Passive smoking

1. Intreduction

The dioxin burden in the human body especially that of
infants and children, has caused particular concern in
recent years. A human milk survey has been conducted
to monitor the levels of dioxins in the general population
in Japan (Uchara et al., 2006). When the level of dioxins
in human milk is being investigated, the smoking habits

" Corresponding author. Tel.: +81 285 58 7338; fax: +81 285 44 7217.
E-mail address: u-ritei@jichi.ac.jp {R. Uchara).

0045-6535/8 - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.chemosphere.2007.01.050

of the mothers should be considered to be a confounding
factor, because dioxins, especially PCDDs, are contained
in cigarette smoke (Muto and Takizawa, 1989). In addi-
tion, smoking during pregnancy is an important risk factor
for maternal and fetal outcomes (Cnattingius, 2004). It is
important to elucidate the association between cigarette
smoking among mothers and dioxin levels in their milk.
While dioxin levels in human milk among active smokers
were lower than those among non-smokers (First et al.,
1992; Bates ct al., 1994; Takekuma et al., 2004; Hedley
et al., 2006), other studies showed no relation between
smoking habits and dioxin levels (Rogan et al., 1986; Pluim

doi:10.1016/j.chemosphere.2007.01.050
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et al., 1993). To elucidate the relationship between cigarette
smoking among mothers and dioxin levels in their breast
milk, we analyzed the data from The Human Milk Survey
carried out in Japan.

2. Methods
2.1. Human milk survey in Japan

The human milk survey has been conducted in several
prefectures and cities in Japan since 1997. The details of
the survey carried out in various areas have been described
in a previous report (Uehara et al., 2006). Healthy pregnant
women aged between 20 and 39 years were recruited by
public health nurses. A signed informed consent form
was submitted to the public health nurses by all partici-
pants; 50 ml of breast milk was then collected manually
from each participant at 30 days after delivery. PCDDs
(seven isomers), PCDFs (10 isomers), and dioxin-like PCBs
(12 isomers) were measured using gas chromatography and
mass spectrometry at the Japan Food Research Labora-
tory. In brief, the milk samples were mixed with an aque-
ous solution of sodium oxalate, diethyl ether and ethanol
and the mixture was extracted with hexane. The fat content
was determined gravimetrically. Thereafter, a three-step
clean-up procedure was performed by passing the sample
through a column filled with silica gel, then through
another column containing aluminum oxide, and finally
through an activated charcoal column. After concentrating
the sample, gas chromatography and mass spectrometry
were employed to measure the contents. A mixture of
13C-tabelled PCDDs, PCDFs, and dioxin-like PCBs was
used as an internal standard. The levels of dioxins were
described on a fat basis and the toxic equivalence (TEQs)
values were calculated by using toxic equivalent factors
(TEFs) of 2,3,7,8-tetrachlorodibenzodioxin, which has pre-
viously been documented by WHO (Van den Berg et al.,
1998). We analyzed the data of primiparas from 1998 to
2004 because only three isomers of dioxin-like PCBs had
been measured in 1997. In this study, we only investigated
data obtained from primiparas because the parity of nurs-
ing mothers was considered to be a confounder and the
number of secundiparas was small.

2.2. Smoking habits of the mothers

The public health nurses interviewed the mothers soon
after delivery to establish their smoking habits. Smoking
was classified into four categories as current smokers, ever
smokers who quit smoking at the start of pregnancy, ever
smokers who quit smoking before the pregnancy, and
never smokers. In addition, in order to establish their sta-
tus as passive smokers, participants were asked whether
they shared their home with anyone who was currently a
regular smoker. We also analyzed the association between
passive smoking and dioxin levels in milk among never
smokers.

2.3. Statistical analysis

Because of the skewed distribution of dioxins in human
milk, we analyzed log transformed values of PCDDs,
PCDFs, the sum of PCDDs and PCDFs (PCDDs -+
PCDFs), dioxin-like PCBs, and the total of these com-
pounds (total dioxins), and calculated the geometric means
of these compounds. First, we compared these dioxins in
human milk among the four categories of smoking habits
by using one-way analysis of variance (ANOVA). The
Bonferroni method was used to compare the dioxin levels
between two groups among those four categories. Next,
we also compared dioxins among the same categories by
age of primiparas because the age of mother was consid-
ered to be a confounding factor. We divided the primiparas
into two groups: women aged 29 years or younger, and
those aged 30 years or older. Finally, the age related dioxin
content of breast milk was compared between two groups
of mothers who were never smokers, one group being
exposed to passive smoking and the other not. Probabilities
less than 0.05 were considered to be statistically significant.
These statistical analyses were performed by using SPSS®
11.0J for Windows (SPSS Inc., Chicago, 1L, USA).

3. Results

The total number of participants in the human milk sur-
vey from 1998 through 2004 was 963. We excluded both
mothers whose levels of dioxins in their milk could not
be measured (n = 5) and secundiparas {(n = 105) from the
total number of participants, therefore, 853 primiparas
were analyzed. The numbers of current smokers, ever
smokers who quit smoking at the pregnancy, ever smokers
who quit smoking before the pregnancy, and never smok-
ers by age of mothers are shown in Table 1. The prevalence
of current smokers, ever smokers, and never smokers
among all the primiparas was 3.9%, 25.7%, and 70.0%,
respectively.

When we compared the means of log transformed values
of dioxins among the four smoking habit groups, all the
differences in PCDDs, PCDFs, PCDDs + PCDFs, dioxin-
like PCBs, and total dioxins were statistically significant
(ANOVA, p<0.001). The geometric mean of dioxin-like
PCBs in the milk of never smokers was the highest among
the four categories of smoking habits (9.2 pg TEQ/g fat);
followed by ever smokers who quit smoking before the
pregnancy, ever smokers who quit smoking at the preg-
nancy, and current smokers (7.5, 7.2, and 6.6 pg TEQ/g
fat, respectively) (Fig. 1). In comparison to the means of
log transformed values between two groups among the
four smoking habit groups, the differences in the levels of
dioxin-like PCBs between never smokers and other smok-
ing habit groups were statistically significant. Regarding
PCDDs and PCDDs + PCDFs, the differences between
never smokers and the two groups of ever smokers were
statistically significant; however, the difference between
never smokers and current smokers was not significant

doi:10.1016/j.chemosphere.2007.01.050
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Table L
Number of participants by age and smoking habits of mothers
Age of mothers n (%)

Current smokers Ever smokers 1* Ever smokers 2° Never smokers nla* Total
20-29 years old 22 (4.9) 87 (19.4) 30 (6.7) 307 (68.5) 2(0.4) 448 (100)
30-39 years old 11 (2.7) 64 (15.8) 38 (9.4 290 (71.6) 2(0.5) 405 (100)
Total 33 (3.9 151 (17.7) 68 ( 8.0) 597 (70.0) 4 (0.5) 853 (100)

“ Bver smokers who quit smoking at the pregnancy.
b Bver smokers who quit smoking before the pregnancy.
¢ No answer.

18
p<0.001*
14
p<0.001®

12
s =0.001»
£ 10 T :
Ry
g 8
'—
g 6

4

2

0 ; : .

current smokers ever smokers who  ever smokers who never smokers
quit smoking atthe  quit smoking before
pregnancy the preghancy

smoking habits

Fig. |. The geometric means of dioxin-like PCBs (TEQ) in human milk in relation to the smoking habits of primiparas. *Bonferroni method.

(p = 1.00) (Fig. 2). The difference in PCDFs only between  groups were significant; however, the geometric mean of
never smokers and ever smokers who quit smoking at the  current smokers was not the lowest.

pregnancy was significant. In terms of total dioxins, the dif- The differences in the means of log transformed values
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and total dioxins among the four categories of smoking
habits compared by age of the mothers were also statisti-
cally significant (ANOVA). In terms of dioxin-like PCBs,
never smokers among both mothers aged 29 years or youn-
ger and mothers aged 30 years or older had the highest lev-
els of these compounds; however, the difference between
never smokers and current smokers of only mothers aged

Table 2

30 years or older was significant (Table 2). Although no
statistical significance was observed, the levels of all the
dioxins and dioxin-like PCBs of current smokers among
mothers aged 30 years or older were lower than those of
current smokers among mothers aged 29 years or younger.
On the other hand, among the other two groups of ever
smokers or never smokers, the levels of all the dioxins

Comparison between dioxins levels in human milk among four categories of mothers™ smoking habits by age

Dioxins (pg TEQ/g fat)

Geometric mean (95% confidence interval)

age of mothers

Current smokers Ever smokers 1* Ever smokers 2° Never smokers p Value®
PCDDs
20-29 years old (n = 448) 8.5(7.3-10.0) 7.1 (6.6-1.7) 7.4 (6.5-8.4) 8.4 (8.1-8.8) 0.001
30-39 years old (1 = 405) 8.1(6.4-10.2) 79 (7.2-8.7) 8.2(7.0-9.6) 9.8 (9.4-10.2) <0.001
PCDFs
20~29 years old (n = 448) 4.2 (3.5-5.0) 38 (3.64.1) 413449 4.5 (4.34.7) 0.004
30-~39 years old (n = 405) 3.8 (3.0-4.8) 42 (3847 4.3(3.8-5.0) 5.1 (4.9-5.4) <0.001
PCDDs + PCDFs
20-29 years old (n = 448) 12.8 (10.9-14.9) 11.0 (10.3-11.8) 11.6 (10.1-13.3) 13.1 (12.5-13.6) 0.001
30-39 years old {n = 405) 12.0 (9.8-14.7) 12.2 (11.1-13.5) 12.6 (10.9-14.5) 15.1 (14.5-15.6) <0.001
Dioxin-like PCBs
20-29 years old (n = 448) 6.7 {54-8.3) 6.6 (6.1-7.1) 6.7 (5.7-1.8) 8.5 (8.1-8.9) <0.001
30~39 years old (n = 405) 6.3 (4.6-8.5) 8.0 (7.2-9.0) 83(7.3-94) 10.1 (9.7-10.5) <0.001
Total dioxins
20-29 years old (n = 448) 19.7 (16.9-23.1) 17.8 (16.7-19.0) 18.5 {16.2-21.2) 21.8 {20.9-22.6) <0.001
30-39 years old (n = 405) 18.6 (14.9-23.2) 20.6 {18.7-22.7) 21.0 (18.4-23.9) 254 (24.5-26.3) <0.001
* Ever smokers who quit smoking at the pregnancy.
® Ever smokers who quit smoking before the pregnancy.
¢ One way analysis of variance (ANOVA).
Table 3
Relation between dioxins levels in human milk among never smokers and passive smoking habits by age
Dioxins (pg TEQ/g fat) Passive smoke
age of mothers Yes No p Value®
Geomertic Mean of log Geomertic Mean of log
mean transformation medn transformation
PCDDs
20-29 years old (n = 307) 8.8 2.18 8.2 2.10 0.10
30-39 years old (n = 290) 9.7 2.27 9.9 2.29 0.56
All mothers (n = 597) 9.2 2.22 9.0 2.20 0.38
PCDFs
20-29 years old {n = 307) 4.6 1.53 4.5 1.50 0.56
30-39 years old (n = 290) 5.0 1.60 52 1.66 0.26
All mothers (n=597) 4.8 1.57 4.8 1.58 0.76
PCDDs + PCDFs
20-29 years old (n = 307) 13.5 2.61 12.8 2.55 0.18
30-39 years old {n = 290) 14.7 2.69 15.3 2.73 0.35
All mothers (n=597) 14.1 2.65 13.9 2.63 0.66
Dioxin-like PCBs
20-29 years old (n = 307) 9.0 2.19 8.2 2.10 0.05
30-39 years old (n = 290) 10.0 2.30 10.2 2.30 0.56
All mothers (1 = 597) 9.4 2.25 9.1 2.21 0.27
Total dioxins
20-29 years old {n = 307) 22.7 3.12 212 3.06 0.10
30-39 yeurs old (n = 290) 24.9 3.21 257 3.20 0.37
All mothers (1= 597) 23.7 317 233 3.15 0.51

* The results from comparison with means of log transformation of dioxins levels by 7 test.
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and dioxin-like PCBs in mothers aged 30 years or older
tended to be higher than those in mothers aged 29 years
or younger.

The number of never smoking mothers with passive
smoking status was 237. When compared with the means
of log transformed values of PCDDs, PCDFs, PCDDs +
PCDFs, dioxin-like PCBs, and total dioxins in the milk
of never smokers who were not exposed to passive smok-
ing, those of never smokers who were exposed to passive
smoking were not significantly different (Table 3). Similar
results were obtained when the age related dioxin levels
in mothers who were exposed to passive smoking were
compared to those in mothers who had negative passive
smoking status.

4. Discussion

The levels of dioxins, especially dioxin-like PCBs, in
human breast milk of primiparas were associated with cig-
arette smoking. The levels of dioxin-like PCBs in milk were
the highest among never smokers followed by ever smokers
and current smokers, This association was also observed
among mothers aged 30 years or older. Passive smoking
by mothers was less likely to affect the levels of dioxins
and dioxin-like PCBs in human milk. It is interesting that
the levels of all the dioxins and dioxin-like PCBs in mothers
aged 30 years or older were lower than those of mothers
aged 29 years or younger among current smokers. This
finding indicates that cigarette smoking appears to be
counteracting the effect of age in the association with the
levels of dioxins and dioxin-like PCBs in human milk.
Flesch-Janys et al. (1996) showed that some isomers of
PCDDs or PCDFs in the blood of smokers decayed signif-
icantly faster than those in the blood of non-smokers and
ex-smokers. They suggested that cigarette smoking might
increase the rate of dioxin elimination in humans. In our
study, the levels of dioxins and dioxin-like PCBs in the milk
of never smokers were the highest among the four catego-
ries of smoking habits. The differences in the levels of
dioxin-like PCBs between never smokers and the other
two groups of ever smokers or current smokers were statis-
tically significant. These findings appear to support the
hypothesis of Flesch-Janys et al. (1996). In addition, it
may be hypothesized that the elimination of dioxins due
to cigarette smoking would be enhanced in older mothers.

To determine the relationship between the duration of
the smoking-free period before pregnancy and the levels
of dioxins in breast milk, we divided the ever smokers into
two groups: ever smokers who quit smoking at the start of
pregnancy and those who quit smoking before the preg-
nancy. Howcver, the differences in the levels of dioxins
and dioxin-like PCBs in the breast milk of the two groups
of ever smokers were not significant. Among ever smokers,
the duration of the smoking-free period until pregnancy
was not associated with the levels of dioxins and dioxin-like
PCBs in breast milk. When compared with the levels of
dioxins in the milk of never smokers who were not exposed

to passive smoking, those of never smokers exposed to pas-
sive smoking were not significantly different. On the other
hand, First et al. (1992) reported that the levels of PCDDs
and PCDFs in the milk of mothers exposed to passive
smoking were significantly lower than those of non-
exposed mothers. Further studies relating passive smoking
to dioxin levels in human milk will be needed since there is
currently a paucity of such studies.

We had to consider several limitations of this study.
First, we obtained information regarding the smoking hab-
its of participants by interview and participants may have
been tempted to answer incorrectly because of negative
attitudes towards smoking during pregnancy. The preva-
lence of current smokers aged 29 years or youngoer in our
study was 4.9%, which was smaller than the prevalence
reported in Sweden {Cnattingius, 2004) and in another
cohort in Japan (Tanaka et al., 2005). Even if this informa-
tion bias remained, however, it probably underestimated
the relationship between smoking habits of mothers and
levels of dioxins in breast milk. Next, among the four cat-
egories of smoking habits, current smokers had the lowest
levels of dioxin-like PCBs; however, the differences between
current smokers and the other two groups of ever smokers
were not statistically significant. The small sample size of
the current smokers may have influenced this result.
Finally, we did not collect biochemical markers related to
cigarette smoking, for example, cotinine concentration in
the urine of mothers. The measurement of these markers
as well as smoking habits may significantly clarify the rela-
tionship between cigarette smoking and dioxins levels in
human breast milk.

In conclusion, the levels of dioxin-like PCBs in human
milk were negatively related to the smoking habits of the
mothers; in addition, the age of the mothers affected this
relationship. We speculate that cigarette smoking may
induce some biological mechanisms for the elimination of
dioxins from the human body.
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Abstract

Background: Much attention has been paid to the level of dioxins in breast milk in Japan but few large-scale studies
have been conducted on the subject.

Methods: From 1997 to 2002, we collected 839 samples of breast milk from primiparas residing throughout Japan.
Starting in 1999, breast milk was also collected from secundiparas. Seven isomers of polychlorinated dibenzo-p-dioxins
(PCDDs), 10 of polychlorinated dibenzofurans (PCDFs), 4 of coplanar polychlorinated biphenyls (Co-PCBs) and 8 of
mono-orthochlorinated polychlorinated biphenyls (mono-ortho PCBs) were analyzed by employing gas chromatogra-
phy and mass spectrometry. A correlation between the level of dioxins in human milk and the age of the mothers was
noted for the primiparas and the secundiparas; and the levels were compared between the first and the second deliveries.
Grouped by parity and prefecture in each year, observations were also made on the trends in these levels. Dioxin levels
are shown by using geometric means because their distributions were skewed to the left.

Results: The sum of PCDDs and PCDFs, Co-PCBs, mono-ortho PCBs, and total dioxins in the breast milk of prim-
iparas were 13.9, 5.4, 3.4, and 22.7 pg TEQ/g fat, respectively. In the samples obtained from secundiparas, these levels
were 6368 percents of those taken from the primiparas. The correlation coefficients between the PCDDs/DFs, Co-PCBs,
mono-ortho PCBs, and total dioxins and the age of the primiparas were 0.19, 0.17, 0.36, and 0.24, respectively. All these
correlations were statistically significant (p < 0.001). The positive correlations between these contaminants and the age of
the secundiparas were also examined. The total dioxins as well as PCDDs/DFs, Co-PCBs, and mono-ortho PCBs in the
breast milk of the primiparas declined significantly between 1998 and 2002 (regression coefficients: —0.04, —0.05, —0.03,
and —0.03, respectively). However, no significant decline in these levels was observed when sorted by prefectures.

Conclusions: Much attention should be paid to the age and parity of nursing mothers when investigating the rela-
tionship between the level of dioxins in breast milk and the body burden of infants.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The toxicity of dioxins such as polychlorinated dib-
enzo-p-dioxins (PCDDs), polychlorinated dibenzofurans
{PCDFs) and coplanar polychlorinated biphenyls {(Co-
PCBs) is extremely high and their effects on reproductive
systems, thyroid function, the immune system, and
development in some animal models are significant
(Yonemoto, 2000). In humans, however, it is controver-
sial whether reproductive and hormonal systems and the
developmental mechanism are affected by these contam-
inants (Yonemoto, 2000; Matsuura et al., 2001; Vreug-
denhil et al., 2002). The effects of exposure to dioxins
are most prominent in fetuses and infants; therefore
studies have focused on this segment of the population.

Food intake, inhalation of polluted air and skin con-
tact with contaminated soil and materials are possible
routes of human exposure (Watanabe et al,, 1999). It
is estimated that for the general population in Japan,
most dioxins originate in food, primarily fish and meat.
For the majority of infants, breast milk is the most
important source of their nutrition and immunologically
active substances. Because breast milk is rich in fat and
dioxins are highly lipophilic, consumption of breast milk
constitutes the main route of dioxin exposure for breast-
fed infants. The dioxin content in human breast milk has
been measured in Japan and western countries (lida
et al., 1999; Nakagawa et al., 1999; Tajimi et al., 2004;

Takekuma et al., 2004). However, few large-scale studies
have been conducted and sampling of breast milk was
limited geographically in earlier studies. For the current
study, starting in 1997, samples of human breast milk
was measured throughout Japan and the levels of diox-
ins in these samples were measured. Thus the pattern of
distribution of the dioxin levels in breast milk in this
country was observed and described from the viewpoints
of time and geography.

2. Methods

In 1997, 20 primiparas each from four prefectures
(Saitama, Tokyo, Tshikawa and Osaka) were enrolled;
and in 1998, the same number of primiparas from 19
prefectures (Iwate, Miyagi, Akita, Ibaragi, Gunma,
Chiba, Kanagawa, Niigata, Ishikawa, Yamanashi, Shi-
zuoka, Aichi, Osaka, Shimane, Hiroshima, Yamaguchi,
Fukuoka, Kumamoto and Okinawa) and Yokohama
City were enrolled (Fig. 1). Starting in 1999, the same
numbers of new primiparas from six prefectures (Iwate,
Chiba, Niigata, Ishikawa, Osaka and Shimane) were en-
rolled. There are 47 prefectures in Japan and all were in-
vited to participate in this study but no response was
received from other prefectures. When 20- to 39-year-
old healthy pregnant women visited their obstetricians,
they were asked by the public health nurses in their

N

Fig. 1. Title: The map of prefectures in Japan that participated in our study from 1997 to 2002. Crosses represent ones that
participated in our study in 1997 (Saitama and Tokyo). Dots represent prefectures and a city that participated in 1998 (Miyagi, Akita,
Ibaragi, Gunma, Kanagawa, Yamanashi, Shizuoka, Aichi, Hiroshima, Yamaguchi, Fukuoka, Kumamoto, Okinawa, and Yokohama
City). Blacks represent ones that participated from 1997 to 2002 (Ishikawa and Osaka). Grays represent ones that participated from

1998 to 2002 (Iwate, Chiba, Niigata, and Shimane).





