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We investigated whether early childhood factors such as
breast-feeding, parity, and smoking contribute to the variation of
organochlorine compounds (OC: dichlorodiphenyldichlo-
roethene, hexachlorobenzene, �-hexachlorocyclohexane, and the
sum of polychlorinated biphenyls including the congeners 101,
118, 138, 153, 170, 180, 183, and 187) at approximately 7 y of
age. OC were measured in whole blood of 350 children. Preg-
nancy characteristics and the child’s living conditions were
gathered by questionnaires administered to the parents and in-
terviews with the mother. Height and weight were determined
during the medical examination. Exclusion of incomplete data
and nonbiologic children of the mothers yielded a sample of 337
children. We applied regression analysis with indicator variables,
controlling for confounders. No systematic association was de-
tected for birth order or maternal smoking during pregnancy. The
OC concentrations are diluted in children with a higher body
mass index (�18 kg/m2). We found a strong, dose-dependent
relationship between the duration of breast-feeding (none, 1–4
wk, 5–8 wk, 9–12 wk, �12 wk) and the concentration of all five
OCs. Of the potential determinants analyzed, more of the vari-
ance of the OC concentration is accounted for by breast-feeding

than by any other variable. Exclusive breast-feeding beyond 12
wk was associated with a doubling of OC whole blood concen-
tration compared with bottle-fed children (dichlorodiphenyldi-
chloroethene, 0.28 �g/L versus 0.55 �g/L; �-hexachlorocyclo-
hexane, 0.05 �g/L versus 0.14 �g/L; hexachlorobenzene, 0.14
�g/L versus 0.25 �g/L; sum of polychlorinated biphenyls, 0.25
�g/L versus 0.55 �g/L). These findings indicate that breast-
feeding can lead to an extended duration of increased OC
exposure in childhood. (Pediatr Res 50: 331–336, 2001)

Abbreviations
BMI, body mass index
DDE, dichlorodiphenyldichloroethene
ETS, environmental tobacco smoke
HCB, hexachlorobenzene
HCH, hexachlorocyclohexane
PCBs, polychlorinated biphenyls
OC, organochlorine compounds (DDE, HCB, HCH, PCB)
95% CI, 95% confidence interval
DL, detection limit

OCs, such as PCBs, DDE, and HCB, are highly stable,
lipophilic compounds that accumulate in tissues that have a
high fat content (1). OCs are found in all organs of the body
(2). Infant exposures to OCs have been demonstrated to occur
through ingestion of contaminated breast milk and in utero
(3–11). Owing to their long half-lives, these compounds tend to
persist in tissues for many years (12). There is an ongoing
discussion of the pros and cons of breast-feeding, especially as
it relates to developing nations (13). Breast-feeding is consid-

ered to be protective against infections and asthma (14–18) but
may contribute to a higher long-lasting exposure to OCs
(19–21). Similarly, there has been investigation into whether a
greater number of siblings is protective or a risk factor for
increased OC exposure from breast-feeding. In general, breast
milk had a higher OC concentration in the first lactation,
although levels declined with number of children nursed
(21–25).

We conducted a large-scale environmental epidemiologic
study in the south of the Federal State of Hessen, located in
central Germany, in 1994 and 1995. Children were recruited
from three regions. One region is situated within a 15-km
radius around an industrial waste incinerator and other indus-
tries, such as chemical plants in the Rhine Valley, with low
mountains on both sides. These industrial sites environmen-
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tally affect several municipalities that lie in the area. The region
is also intensively used for the production of vegetables. The
second region is 20 km north of the incinerator area and is also
industrial and agricultural. The third region is located in low
mountains (approximately 400 m above sea level).

Other results from this epidemiologic study that focuses on
PCBs and thyroid hormones have been published elsewhere
(26–28). Our objective in this analysis is to examine, after
controlling for potential confounders, the role of early child-
hood determinants, such as breast-feeding, birth order, and
maternal smoking during pregnancy, as predictors of OC con-
centrations in whole blood of school-aged children. In partic-
ular, we investigated DDE, HCB, HCH, and PCBs, as these
were detected in human breast milk and in children in previous
studies in Germany (29, 30).

METHODS

Study population. After obtaining permits from the Data
Protection Agency of the State of Hamburg, Germany, from
the Ministry of Cultural Affairs of Hessen, Germany, and from
the local school committees, we identified 1091 second-grade
school children (age range, 7–10 y old) in 18 townships.
Informed consent was obtained from all participating parents
according to the requirements of the Ethical Committee of the
Board of Physicians and the Data Protection Agency of the
State of Hamburg.

The first survey in 1994 and 1995 consisted of question-
naires for the parents and a medical check-up for the children
including measurements of height and weight. Responses from
a self-administered questionnaire were available for 671 chil-
dren. Parents were asked to let their child participate in phle-
botomy if passive smoking in the private household did not
exceed 10 cigarettes per day in the previous 12 mo.

Questionnaires. Four self-administered questionnaires were
used in the survey: one regarding the living conditions of the
families, one each for the mother and the father, and one for the
data of the child. We asked for the child’s age and sex, whether
the mother or father were the biologic parents of the child, and
for maternal education. Smoking in the child’s home in the
previous 12 mo was grouped into five categories (no cigarettes,
1–10 cigarettes a day, 11–20 cigarettes a day, 20–30 cigarettes
a day, more than 30 cigarettes a day). We asked whether the
child was breast-fed, and the duration with and without addi-
tional feeding.

We conducted an intensive reproductive interview of the
mother, which is based on the interview used in the European
Studies on Fertility and Subfecundity (31). We obtained infor-
mation on the number of pregnancies, the number of births,
their dates, and the maternal age. In addition, we asked for
information on smoking during pregnancy: “Did you smoke
during your pregnancy?” If yes: “How much and how long did
you smoke during pregnancy?” The mother was asked the
number of cigarettes smoked per day and the beginning and
end for three smoking periods (gestational week) with poten-
tially different smoking habits.

One parent accompanied the child in the medical examina-
tion. We measured height (in centimeters) and weight (in

kilograms) for each child. For blood sampling the Vacutainer
system was used, and approximately 25 mL was drawn.

OCs in blood. OCs including eight PCB congeners (101,
118, 138, 153, 170, 180, 183, 187), DDE, HCB, and HCH were
analyzed (in micrograms per liter) in the Institute of Toxicol-
ogy, University of Kiel, Germany. OCs were analyzed in 5-mL
samples of whole blood by high-resolution gas chromatogra-
phy (model 3400, Varian Company, Darmstadt, Germany)
with a 63Ni electron-capture detector. The DL (2� the signal to
low-noise ratio) was 0.02 �g/L for �- and �-HCH, DDE, and
each PCB congener, and 0.01 �g/L for HCB and �-HCH. For
extraction and cleanup procedures, Florisil and n-hexane were
used (9 g Florisil was deactivated with 3% H2O and given in a
chromatography column 22 mm in diameter and 48 mm in
length for elution). The capillary column amounted to 30 m in
length and 0.25 mm in diameter, containing nitrogen as a
carrier gas. The congeners were determined by retention times
on the chromatograms and were identified by comparison with
known standards. Additionally, reliability was tested with gas
chromatography–mass spectroscopy. The laboratory success-
fully participated in nationwide quality assessments for the
determination of the OCs.

Statistical methods. Outcomes of interest were HCB, DDE,
PCBs (congeners 101, 118, 138, 153, 170, 180, 183, and 187
and sum of PCBs), and �-, �-, and �-HCH. The sum of PCBs
was calculated as the sum of the sample values of the PCB
congeners [sum of seven congeners; one congener (PCB101)
was not detected]. For descriptive purposes, the sample values
of the OCs were substituted with one half of the DL when
values were less than the DL. Because the distributions of the
OCs were not normal, the geometric mean, median, and 5th
and 95th percentiles are provided.

We analyzed age and sex of the child, BMI, duration of
exclusive breast-feeding, maternal smoking during pregnancy,
passive smoking of the child, maternal age, and education, as
well as birth order and spacing, as potential predictors of OC
concentration. BMI, estimated as weight divided by height
squared, was grouped into quartiles. Duration of breast-feeding
was grouped by 4-wk intervals: none, 1–4 wk, 5–8 wk, 9–12
wk, and �12 wk. Any active smoking during pregnancy after
20 wk of gestation was defined as smoking exposure during
pregnancy. Passive smoking of the child was grouped into four
categories, with the highest category being 20 or more ciga-
rettes per day. Maternal age at birth was grouped into three
categories: �26 y, 26–35 y, and 36–45 y. Birth order was
grouped into three categories: 1, 2, and 3 or higher. Maternal
education was categorized in three groups (10 y of school and
less, more than 10 y of school without university degree,
university degree).

Indicator or dummy variables were used to group birth
spacing into two categories based on the median spacing of
those with a given birth order to denote a given birth order with
either a short (less than the median) or long (greater than or
equal to the median) birth spacing. The effects were adjusted
for potential confounders (age, sex, BMI, passive smoking of
the child, breast-feeding, birth order, and birth spacing of the
child; maternal cigarette smoking and maternal age). All sta-
tistical analyses were performed using SAS software (32).
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RESULTS

The final study population with phlebotomy is described in
Table 1. We obtained blood samples from 350 children and
complete OC analyses could be conducted in 343 samples. We
could not detect values above the DL (0.02 �g/L) in 97% of the
blood samples for �-HCH; for �-HCH, 28% were below DL.
We therefore restricted the analysis to DDE, HCB, �-HCH,
and the sum of PCBs, as �1% of the sample of children had
nondetectable levels of these four variables.

Exclusion of those with incomplete data and the nonbiologic
children of the mothers yielded a final sample size of 337
children. Slightly more boys (57%) than girls (43%) partici-
pated in phlebotomy; and 96% of the children were between
the ages of 7 and 8 y (Table 1). Only 20% of the children were
not exclusively breast-fed whereas 40% were exclusively
breast-fed for �12 wk. Eight percent of the mothers smoked
during pregnancy after 20 wk of gestation, and 58.3% of the
mothers were between the ages of 26 and 35 y at birth. Nearly
53% of the children were first-born, 18.4% were second-born
with a short birth spacing (�3.08 y), and 19.3% were second-
born with a long birth spacing (�3.08 y). Less than 10% of the
children were third-born.

Table 2 presents concentrations of DDE, �-HCH, HCB, and
the sum of PCBs in whole blood stratified by breast-feeding,

birth order, maternal smoking during pregnancy after 20 wk of
gestation, and BMI. Breast-feeding increases all OC concen-
trations in whole blood samples of school-aged children. Al-
though there is no pronounced pattern in DDE and �-HCH
concentrations with respect to birth order, there is a suggestion
of a decrease in the concentration of HCB and sum of PCBs
with increasing birth order. In children with a higher BMI, the
concentrations of all four OCs are decreased (Table 2). Smok-
ing during pregnancy after 20 wk of gestation is associated
with a decrease in OC concentrations (Table 2). Further re-
stricting to those with no breast-feeding (n � 44), smoking
during pregnancy after 20 wk of gestation is associated with a
slight decrease in OC concentrations: in women with maternal
smoking during pregnancy after 20 wk of gestation, the geo-
metric mean DDE concentration decreases from 0.22 �g/L to
0.20 �g/L, HCB decreases from 0.16 �g/L to 0.15 �g/L, and
the sum of PCBs decreases from 0.36 �g/L to 0.30 �g/L. The
concentration of �-HCH remains unchanged with maternal
smoking during pregnancy for non–breast-fed children.

We additionally stratified the OC concentrations simulta-
neously by birth order and any breast-feeding (data not shown).
Any breast-feeding increases OC concentrations in whole
blood in all cases. In all birth orders, the main difference was
between children with and without breast-feeding. The com-
bined stratification does not reveal any combined effect of birth
order and breast-feeding. For those who were not breast-fed,
the data suggest a slight decrease in the concentrations of sum
of PCBs with birth order (birth order 1, 0.41 �g/L; birth order
2, 0.30 �g/L; birth order 3 or higher, 0.33 �g/L).

Comparing exclusive and total breast-feeding, the effect of
the former is stronger, indicating that the association of total
breast-feeding and OC concentrations is diluted by those who
did not breast-feed exclusively (data not shown).

To control for any potential confounding effects, linear
regression was used to explain the variation of OC concentra-
tions while controlling for all other covariates in the model
(Table 3). For the sum of PCB, an increase in age in the
children is associated with a decrease in OC concentration.
There is a minimal effect of sex on OC concentration, the sum
of PCBs being slightly higher in boys. A BMI � 18.0 kg/m2 is
associated with a decrease in the concentration of DDE (p �
0.013), �-HCH (p � 0.008), HCB (p � 0.044), and the sum of
PCBs (p � 0.0001) when compared with the group with the
lowest BMI. OC concentrations in blood increased with in-
creased duration of total breast-feeding when controlling for all
other covariates. Compared with non–breast-feeding, all cate-
gories of breast-feeding of 5 wk or more are significant in the
model (p � 0.05). Total breast-feeding for �12 wk corre-
sponds to a near doubling of the concentration of DDE,
�-HCH, HCB, and the sum of PCBs when compared with no
breast-feeding. Exclusive breast-feeding of �12 wk is associ-
ated with a �200% increase in OC concentration in the whole
blood of school-aged children when compared with children
who were not breast-fed at all (DDE, 0.45 �g/L versus 0.22
�g/L; �-HCH, 0.04 �g/L versus 0.1 �g/L; HCB, 0.16 �g/L
versus 0.31 �g/L; sum of PCB, 0.35 �g/L versus 0.85 �g/L; n
� 226 for all OCs). For each of these OCs and of the predictors
analyzed, more of the variance of the OC concentration is

Table 1. Description of the study population (n � 337)

Characteristic n %

Age of child (y)
7 152 45.1
8 171 50.7
9 11 3.3
10 3 0.9

Male sex 192 57.0
BMI group (kg/m2)
�15.2 93 27.6

15.2–16.2 84 24.9
16.3–18.0 76 22.6
�18.0 84 24.9

Exclusive breast-feeding (wk)
None 44 19.4
1–4 17 7.5
4–8 36 15.9
8–12 39 17.2
�12 91 40.1

Smoking during pregnancy after 20 wk of gestation
No 309 91.7
Yes 28 8.3

Passive smoking of the children (cigs/mo)
0 231 68.6
1–9 80 23.7
10–19 18 5.3
20 or more 8 2.4

Maternal age at birth (y)
�26 130 38.7
26–35 196 58.3
36–45 10 3.0

Birth order, birth spacing
1 178 52.8
2, �3.08 y 62 18.4
2, �3.08 y 65 19.3
3�, �4.04 y 16 4.8
3�, �4.04 y 16 4.8
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accounted for by exclusive breast-feeding than by any other
variable (DDE, r2 � 0.151; �-HCH, r2 � 0.162; HCB, r2 �
0.162; sum of PCBs, r2 � 0.135). When controlling for all
other covariates in the model, there is no effect of maternal
smoking on the whole blood concentration of OCs (Table 3).
Being a third-born child �4 y after the birth of the second child
is associated with a significant decrease, compared with the
first child, for the sum of PCBs and for HCB. For this group,
there is, however, an increase in DDE and �-HCH.

DISCUSSION

The data indicate a statistically significant, strong, and dose-
response effect of breast-feeding on OC concentration in whole
blood of children at 7 y of age. Specifically, exclusive breast-
feeding of �12 wk of duration is related to a doubling of the
concentration of all measured OCs in whole blood of children
at school age. Our data do not support any systematic associ-
ation between birth order and OC concentration. Similarly, we
did not detect an association between maternal smoking during
pregnancy and OC concentration in the whole blood of their
offspring.

We had to select a subgroup of the total study population for
blood analyses owing to budget constraints. We restricted
ourselves to the group having a lower ETS exposure in their
homes to reduce the potentially confounding effect of ETS.
Parents of 501 children reported an ETS exposure in the
children’s home in the previous 12 mo of 10 cigarettes per day
or fewer. From this group, 317 children participated in the
phlebotomy (63%). Also 25 parents of the subgroup of 162
children with a higher ETS exposure (15.4%) included their
children in the study. The OC concentrations of the children of
this group, however, did not differ from the children with lower
ETS exposure (Table 3). Complete data were available for 316
children. The subgroup (n � 316) with blood samples did not
differ from the total group with respect to age and sex.

The exclusion of children with higher ETS exposure at home
might affect the OC concentration: smoking is associated with
education, which in turn is associated with breast-feeding and
therefore subsequent OC concentrations in children. In our
data, smoking exposure during pregnancy decreases with ed-
ucation of the mother. Mothers with basic education (10 y of
school and less; n � 108) smoked on average 119.4 cigarettes

between gestational week 20 and birth, mothers without a
university degree but having more than 10 y of school (n �
145) smoked on average 50.3 cigarettes during the same
period, and mothers with a university degree (n � 77) smoked
on average 10.6 cigarettes in the second half of the pregnancy.
Duration of breast-feeding increases with educational status
(median, basic education, 6 wk; medium education, 12 wk;
university degree, 24 wk). Because of this, the serum OC
concentration in children is increased in children with higher
educational status of their mothers (e.g. median of the sum of
PCBs, university degree, 0.68 �g/L; medium education, 0.5
�g/L; basic education, 0.39 �g/L). Thus, excluding smoking
families increases the level of education in our sample, thereby
increasing the duration of breast-feeding and thus the OC
concentration later in childhood. Thus, to get unbiased esti-
mates of the predictors, we statistically controlled for the effect
of maternal education in the analyses presented in Table 3.

At the time the parents provided individual data on their
child and on living conditions, they did not know the individual
results of the blood analyses. Thus, the information about
contaminants could not have been biased by the selection of the
subgroup, or by questionnaire or interview data. The reported
OC concentrations were not lipid-based, a potential problem
for compounds that are lipophilic in nature. We also deter-
mined lipid blood concentrations. However, in our sample of
children there is a high correlation between lipid-based and
non–lipid-based OC measurements. With the exception of
HCB, the correlation between lipid-based and non–lipid-based
OC measurements in this population was �90%; the correla-
tion for HCB was 87.5% (p � 0.0001 for all correlations).
Thus, our findings are independent of lipid- or wet weight-
based OC determinations. In addition, there was a high corre-
lation between OC concentrations in blood from a second
phlebotomy of the same children 2 y later (DDE, r � 0.86, n
� 276; HCB, r � 0.74, n � 270; �-HCH, r � 0.61, n � 270;
sum of PCBs, r � 0.87, n � 241; p � 0.0001 for all
correlations), indicating the persistent nature of these com-
pounds and the stability of the results.

The data indicate a statistically significant and consistent
dose-response effect of increased duration of breast-feeding
with increased OC concentration (Table 3). A dose-response
association is evident for all four OCs, e.g. total PCB increased

Table 2. OC concentrations in blood (�g/L) stratified by breast-feeding, birth order, and maternal smoking during pregnancy after 20 wk
of gestation

OC

Breast-feeding geometric
mean (95% CI) Birth order geometric mean (95% CI)

Smoking after 20 wk
geometric mean (95%

CI) BMI geometric mean (95% CI)

No
(n � 44)

Yes
(n � 293)

1
(n � 178)

2
(n � 127)

3 or higher
(n � 32)

No
(n � 309)

Yes
(n � 28)

�15.2
(n � 93)

15.2–16.2
(n � 84)

16.3–18.0
(n � 76)

�18.0
(n � 84)

DDE 0.22 0.33 0.32 0.29 0.43 0.32 0.27 0.34 0.34 0.33 0.26
(0.13–0.37) (0.13–1.07) (0.13–0.94) (0.12–0.96) (0.14–3.13) (0.13–0.98) (0.13–0.96) (0.16–0.96) (0.15–0.90) (0.13–1.28) (0.11–0.88)

�-HCH 0.04 0.07 0.06 0.06 0.09 0.06 0.06 0.07 0.07 0.06 0.05
(0.02–0.07) (0.03–0.31) (0.02–0.27) (0.02–0.21) (0.02–1.79) (0.02–0.28) (0.02–0.23) 0.03–0.21) (0.03–0.20) (0.02–0.68) (0.02–0.34)

HCB 0.16 0.23 0.23 0.22 0.19 0.22 0.18 0.25 0.24 0.22 0.18
(0.10–0.25) (0.11–0.55) (0.11–0.52) (0.10–0.55) (0.11–0.42) (0.11–0.52) (0.10–0.57) (0.14–0.50) (0.12–0.57) (0.11–0.53) (0.10–0.49)

Sum of
PCB

0.35 0.54 0.53 0.49 0.49 0.53 0.37 0.66 0.62 0.50 0.32
(0.18–0.67) 0.20–1.63) (0.20–1.61) (0.20–1.40) (0.17–1.63) (0.20–1.48) (0.18–1.65) (0.33–1.95) (0.22–1.65) (0.20–1.48) (0.15–1.13)
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in the five ordered breast-feeding categories from 0.26 �g/L
through 0.27, 0.31, 0.32 to 47 �g/L (Table 3). Additionally, the
variation in the duration of breast-feeding accounts for approx-
imately 15% of the variation in OC concentration at the age of
about 7 y (Table 3). This strong effect of breast-feeding persists
when stratified by birth order (data not shown). OCs are
lipophilic in nature, traveling with and accumulating in tissues
that are high in fat. Breast milk is high in fat, approximately
3.8% fat by volume (33), and OCs have been shown to be
passed via breast milk to nursing children (5–7). Against our
assumption (21–25), OC concentrations were not reduced with
increasing birth order; we identified a statistically significant
increase for being the third child after a spacing of �4 y. That
might have been explained, however, with ongoing maternal
exposure before each birth that balanced maternal reduction
owing to breast-feeding.

We attribute the effect of BMI on the OC levels to a dilution
of the initial concentration by increasing body mass. For all

four OC, statistical significance is reached at the highest level
of BMI.

Contrary to the results of Lackmann et al. (34), we did not
find any systematic or statistically significant effect of passive
smoking of the children or active smoking of the mothers
during pregnancy (after 20 wk of gestation) on OC concentra-
tions in the blood of their children (Table 3). Although our data
include exposure caused by breast-feeding, controlling for
breast-feeding and other potential confounders causes any
apparent effect of smoking during pregnancy on OC concen-
tration to disappear (Table 3). Our inability to detect an effect
of smoking on OC concentration is not likely masked by
breast-feeding. Indeed, both maternal smoking and OC expo-
sure have been associated with a decrease in the duration of
lactation (35–37). Contrary to the findings by Lackmann et al.
(34), Flesch-Janys et al. (38) suggest that, for adults, smoking
tends to decrease OC concentrations by inducing an increase in
their enzymatic metabolism. Additionally, we restricted the

Table 3. Geometric means of OC concentrations (�g/L) in whole blood in children, controlling for educational status of the mother and
all other covariates in the model

DDE (n � 316) �-HCH (n � 316) HCB (n � 316) Total PCB (n � 316)

Geometric
mean p r2

Geometric
mean p r2

Geometric
mean p r2

Geometric
mean p r2

Age of the child (y)
7 0.29 — 0.05 — 0.19 — 0.43 —
8 0.30 0.54 0.05 0.31 0.18 0.31 0.40 0.22
9 0.34 0.39 0.08 0.08 0.17 0.32 0.33 0.11
10 0.28 0.93 0.002 0.06 0.69 0.009 0.14 0.17 0.006 0.18 0.0018 0.0019

Sex of the child
Male 0.30 0.74 0.06 0.7 0.17 0.17 0.35 0.0002
Female 0.31 — 0.0003 0.06 — 0.0004 0.16 — 0.004 0.29 — 0.022

BMI group (kg/m2)
�15.2 0.33 — 0.07 — 0.19 — 0.40 —
15.2–16.2 0.32 0.71 0.06 0.32 0.18 0.75 0.37 0.22
16.3–18.0 0.32 0.82 0.06 0.75 0.16 0.015 0.29 �.0001
�18.0 0.25 0.0013 0.03 0.05 0.008 0.02 0.14 �.0001 0.044 0.24 �.0001 0.101

Duration of total breastfeeding (wk)
None 0.24 — 0.04 — 0.14 — 0.26 —
1–4 0.25 0.69 0.05 0.24 0.14 0.74 0.27 0.67
5–8 0.30 0.03 0.06 0.018 0.17 0.049 0.31 0.036
9–12 0.32 0.008 0.06 0.06 0.17 0.047 0.32 0.032
�12 0.45 �.0001 0.151 0.10 �.0001 0.162 0.23 �.0001 0.162 0.47 �.0001 0.135

Maternal smoking during pregnancy after
20 wk of gestation
No 0.30 0.83 0.06 0.99 0.17 0.87 0.31 0.88
Yes 0.31 — 0.0001 0.06 — 0.00 0.17 — 0.000 0.32 — 0.000

Passive smoking of the child (cigs/d)
0 0.32 — 0.06 — 0.18 — 0.37 —
1–9 0.28 0.11 0.06 0.32 0.17 0.24 0.30 0.0019
10–19 0.29 0.43 0.06 0.76 0.17 0.53 0.33 0.30
20 or more 0.32 0.99 0.007 0.06 0.97 0.003 0.16 0.57 0.003 0.28 0.17 0.016

Maternal age at birth (y)
�26 0.31 — 0.07 — 0.15 — 0.29 —
26–35 0.31 0.76 0.06 0.39 0.16 0.11 0.33 0.017
36–45 0.29 0.78 0.0005 0.05 0.14 0.006 0.19 0.08 0.009 0.34 0.32 0.009

Birth order and spacing
1 0.29 — 0.05 — 0.19 — 0.36 —
2, �3.08 y 0.26 0.13 0.05 0.95 0.18 0.30 0.30 0.0058
2, �3.08 y 0.27 0.30 0.05 0.74 0.17 0.09 0.31 0.035
3�, �4.04 y 0.30 0.96 0.05 0.69 0.17 0.24 0.40 0.38
3�, �4.04 y 0.42 0.038 0.020 0.10 0.01 0.019 0.13 0.004 0.021 0.25 0.009 0.028

Overall model r2 0.33 0.28 0.42 0.54
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analysis to children who were not breast-fed (n � 44). After
controlling for confounders, maternal smoking during preg-
nancy after 20 wk of gestation was associated with no change
in OC concentration for �-HCH (0.02 �g/L) and a decrease in
OC concentration for DDE (from 0.13 to 0.11 �g/L), HCB
(from 0.14 to 0.13 �g/L), and the sum of PCBs (from 0.14 to
0.13 �g/L); these decreases were not statistically significant.
Our data suggest that maternal smoking during pregnancy has
no large effect on the amount of OCs transferred to the
offspring. However, we cannot exclude that a minor effect of
maternal smoking during pregnancy, perhaps present shortly
after birth, has already vanished at school age.

In summary, our data indicate that exclusive breast-feeding
of �12 wk duration is associated with more than a doubling of
the whole blood concentration of OCs in children later in life
when compared with children who were not breast-fed at all.
When controlling for potential confounding variables, no as-
sociation was detected for birth order or maternal smoking
status during pregnancy. Higher BMI showed a diluting effect
on the OC blood concentration and needs to be controlled for
in future studies.
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