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BACKGROUND: Reproductive behaviors—such as age of childbearing, parity, and breast-feeding
prevalence—have changed over the same historical time period as emissions of polychlorinated
biphenyls (PCB) and may produce intergenerational differences in human PCB exposure.

OBJECTIVES: Our goal in this study was to estimate prenatal, postnatal, and lifetime PCB exposures
for women at different ages according to year of birth, and to evaluate the impact of reproductive
characteristics on intergenerational differences in exposure.

METHODS: We used the time-variant mechanistic model CoZMoMAN to calculate human bio-
accumulation of PCBs, assuming both hypothetical constant and realistic time-variant emissions.

REsULTS: Although exposure primarily depends on when an individual was born relative to the
emission history of PCBs, reproductive behaviors can have a significant impact. Our model suggests
that a mother’s reproductive history has a greater influence on the prenatal and postnatal exposures
of her children than it does on her own cumulative lifetime exposure. In particular, a child’s birth
order appears to have a strong influence on their prenatal exposure, whereas postnatal exposure is
determined by the type of milk (formula or breast milk) fed to the infant.

CONCLUSIONS: Prenatal PCB exposure appears to be delayed relative to the time of PCB emissions,
particularly among those born after the PCB production phaseout. Consequently, the health reper-
cussions of environmental PCBs can be expected to persist for several decades, despite bans on their

production for > 40 years.
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Polychlorinated biphenyls (PCBs) are a group
of anthropogenic persistent organic pollut-
ants that were used in a variety of applications
until production was banned beginning in
the 1970s (Safe 1994). Human exposure to
PCBs typically occurs through consumption
of contaminated food (Moser and McLachlan
2002). One of the first incidents to indicate
the toxicity of PCBs occurred in 1968 when
> 1,000 people in Japan became ill after
ingesting PCB-contaminated rice oil (Fujiwara
1975). A similar incident occurred in Taiwan
in 1979 (Chen et al. 1980). The popula-
tions affected by these incidents, referred to
as Yusho and Yucheng, respectively, have
been well studied and serve as references for
the hazardous effects of high PCB exposure
(Toft et al. 2004). Yusho adults exposed to
PCBs suffered from dermal abnormalities and
neurologic disorders (Aoki 2001), and Yusho
infants exposed to PCBs i utero exhibited,
among other symptoms, decreased motor
skills, growth impairment, and reduced 1Q
(Aoki 2001; Jacobson et al. 1990). A common
symptom of both adult and iz utero expo-
sure was reduced fecundity (Guo et al. 20005
Hsu et al. 2003) and abnormal reproductive
development (Toft et al. 2004, 2006).

Three different time periods of PCB expo-
sure are considered in epidemiologic studies:
prenatal exposure, postnatal exposure, and
lifetime exposure (Aoki 2001; Jacobson et al.
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1990). Prenatal exposure, due to transplacen-
tal transfer of PCBs from the mother to the
fetus, is usually estimated based on PCB con-
centrations measured in umbilical cord serum
(Jacobson et al. 1990). Postnatal exposure
occurs during breast-feeding when mater-
nal milk is contaminated by lipid-soluble
PCBs that have accumulated in the mother
(Jacobson et al. 1990). Lifetime exposure is
the cumulative exposure to a given contami-
nant over the lifetime of the individual result-
ing from prenatal, postnatal, childhood, and
adult exposure (Alcock et al. 2000). Because
emissions of PCBs have varied greatly over
time, lifetime exposure depends on the year
of birth (Alcock et al. 2000; Moser and
McLachlan 2002; Ritter et al. 2009), there-
fore resulting in intergenerational differences
in exposure (IGDE).

Changes in reproductive behaviors during
the time period of PCB emissions, includ-
ing changes in average numbers of children
(parity), maternal age at birth, and breast-
feeding versus not breast-feeding, may further
enhance or reduce IGDE. Body burden vari-
ability within a population has been attrib-
uted to age (Bergonzi et al. 2009; Dewailly
et al. 1996), and declines in body burden in
mothers have been attributed to the cumula-
tive duration of breast-feeding (Dewailly et al.
1996; Tajimi et al. 2004). Parity has been
both implicated (Vaz et al. 1993; Wang et al.
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2009) and disputed (Bergonzi et al. 2009) as
a cause of body burden decline.

Using a time-variant model, Alcock et al.
(2000) estimated that the body lipid PCB
concentration of a woman born in 1950
would decrease by 25% after 6 months of
breast-feeding. In the present study, our
objectives were to quantitatively determine
the extent of prenatal, postnatal, and lifetime
exposure relative to atmospheric emissions
assuming both hypothetical constant and his-
torical time-variant emissions, and to evalu-
ate the impact of reproductive characteristics
on IGDE. To accomplish this, we used the
CoZMoMAN model (Breivik et al. 2010)
to predict PCB concentrations according to
a mechanistic model of their environmental
fate and food chain bioaccumulation. Our
results identify generations of the population
with the greatest possibility of exposure to
PCBs and suggest the extent to which repro-
ductive behaviors contribute to IGDE.

Materials and Methods

All simulations were performed with
CoZMoMAN (Breivik et al. 2010), a time-
variant multimedia mechanistic model
that was created by linking the CoZMo-
POP2 model (Wania et al. 2006), which
describes contaminant environmental fate,
and the ACC-HUMAN model (Czub and
McLachlan 2004), which describes human
food chain bioaccumulation. CoZMoMAN
has been used to simulate time trends in PCB
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concentrations in air, seawater, soils, sedi-
ment, herring, cod, beef, and human breast
milk based on historical time-variant PCB
emissions for the western Baltic Sea region,
which were compared with reported meas-
ured values (Breivik et al. 2010). Using the
same parameterization as in that study, we
estimated time trends for lipid-normalized
PCB concentrations in Swedish women born
at different times and explored the impact of
reproductive behaviors that have undergone
changes (specifically, the number of children
born to a mother, maternal age at childbirth,
and breast-feeding or formula feeding) during
the historical PCB emissions time period, first
assuming constant emission and dietary intake
scenarios, and then assuming time-variant
PCB emissions based on historical data.

In this article we focus on model estimates
for PCB-153 (2,2°,4,4°,5,5 -hexachloro-
biphenyl) according to a single PCB emission
scenario that was previously judged to be most
realistic and that produced estimates that were
most consistent with the observed time trends
(Breivik et al. 2010). Specifically, we assumed
that 5% of annual imports during the time
of PCB production and import were emitted
to the atmosphere and, for models of con-
stant emissions, assumed emissions of 0.198
metric tons/year, the average rate of the time-
variant emissions for PCB-153 from 1930
through 2100 according to this scenario. In
addition, we assumed that the metabolic bio-
transformation rate of the PCBs was constant
over time regardless of body burden or age
(Czub and McLachlan 2004), and we used
default settings for all other model param-
eters (Breivik et al. 2010) [for details, includ-
ing dietary and physiochemical parameters,
see Supplemental Material, text and Table 1
(doi:10.1289/ehp.1002415)]. Calculations
also were performed for six additional PCB
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Figure 1. PCB-153 lipid-normalized concentra-
tion profile for a default female under constant
emissions. Prenatal exposure (i.e., the estimated
PCB-153 lipid-normalized concentration at birth) is
indicated by the arrow. Postnatal exposure (gray
area) is based on 6 months of breast-feeding. The
entire area under the curve (gray plus blue areas)
represents lifetime exposure.
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congeners (28, 53, 101, 118, and 180) and for
an alternative scenario of historical emission
time trends, as described in the Supplemental
Material.

The amount of prenatal transfer of each
PCB congener was determined by assuming
that the infant is in chemical equilibrium
(equifugacity) with the mother at the time
of birth. The amount of lactational transfer
was estimated assuming that breast milk is
in chemical equilibrium with the mother’s
body tissues and blood. We also assumed
that breast-feeding occurs for 6 months,
after which the infant receives a regular diet
adjusted for age (Moser and McLachlan
2002). Estimates are presented for a default
female who is defined as a woman who was
breast-fed for 6 months and was the only
child of a 30-year-old mother, and who at
age 30 breast-fed her first and only child for
6 months. Nulliparous women were also
assumed to have been breast-fed as the first
and only child of a 30-year-old mother.
Estimates to assess the influence of breast-
feeding assumed that non—breast-fed children
were fed formula derived from cow’s milk.

A time step of 1 hr was used in all simula-
tions with results plotted with a 5-day resolu-
tion for the first year of an individual’s life
and on a 1-year resolution for years 1-80.
Prenatal exposure was considered to be
equal to the body burden at birth (Figure 1,
arrow). Postnatal exposure was the cumula-
tive exposure of the 6 months of lactational
transfer. Lifetime exposure was defined as the
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cumulative exposure during the entire 80-year
life span of a woman. Exposures are reported
as lipid-normalized concentrations (nanograms
per gram lipid), which should not be confused
with overall body burden (nanograms per
gram body weight or nanograms per person).

Results and Discussion

Human PCB exposure predictions under
constant emissions. To interpret how lipid-
normalized PCB concentrations are affected
by time-variant emissions, it is helpful to
understand the estimated concentration pro-
file assuming constant emissions. Figure 1
illustrates the age dependence of the lipid-
normalized PCB-153 concentration for
a default female (as defined above). During
the 6 months the woman is breast-fed as
an infant, her estimated lipid-normalized
PCB-153 concentration continually increases
because the rate of PCB uptake from breast
milk is assumed to be greater than the rate
of growth (Figure 1). However, after breast-
feeding ceases, the PCB concentration rapidly
decreases because the rate of growth exceeds
the rate of contaminant uptake from food until
12-15 years of age. Minor fluctuations in the
concentration—time profile during this time
period reflect the changing lipid content of
the body (calculated according to Moser and
McLachlan 2002) [see Supplemental Material,
Figure 1 (doi:10.1289/ehp.1002415)]. By
the time a woman reaches her late teens and
early 20s her growth rate slows, and hence,
with continued consumption of contaminated
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Figure 2. Predicted lifetime lipid-normalized concentration profiles of PCB-153 according to year of birth
for default females born between 1920 and 2010 under time-variant conditions.
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food, her lipid-normalized PCB-153 concen-
tration increases (Figure 1). When a woman
becomes pregnant, her body lipid content
increases, resulting in a decrease in the overall
lipid-normalized PCB-153 concentration (see
Supplemental Material, Figure 1). Following
childbirth at 30 years of age, the woman’s
lipid-normalized PCB-153 concentration is
further reduced by elimination of lipid-soluble
contaminants through milk production
(Figure 1). Upon weaning of her child, the
mother’s predicted lipid-normalized PCB-153
concentration increases until it regains its pre-
pregnancy concentration at approximately
40 years of age. We assume that after age 40
the relative proportion of lipid weight to body
weight increases while the volume of food
consumed decreases, resulting in declining
PCB-153 concentrations (Figure 1). Several
statistical studies suggest that the PCB body
burden increases with age (Bergonzi et al.
2009; Dewailly et al. 1996). In fact, over
the age ranges examined in these studies
(1642 years), our model also predicts increas-
ing body burden with age. On the other hand,
our prediction of decreased lipid concentration
after 40 years of age is based on the assump-
tion that body fat increases continually with
age, which may not be true for all individuals.
Human PCB exposure predictions under
time-variant emissions. Under nonsteady
emissions, a default female’s lipid-normalized
PCB-153 concentration profile depends on
the age at which her exposure began and
will reflect the variability in PCB emissions
over time. This is evident in Figure 2, which
shows estimated lipid-normalized PCB-153
concentrations predicted for default females
born every 10 years between 1920 and 2010
under time-variant emissions [scenario 2;
see Supplemental Material (doi:10.1289/
ehp.1002415)]. Our model predicts that the
largest peak concentration at any given age
was experienced by 6-month-old girls born in
1980 (Figure 2), which suggests that maternal
transfer during pregnancy and lactation was a
significant source of PCB-153 contamination
among women born after the PCB production
phaseout in the 1970s (Figure 3). Although
estimated PCB-153 concentrations peaked at
6 months of age in women born after 1980,
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peak concentrations for women born in 1970
or earlier would have occurred in the 1980s,
regardless of a woman’s age during the 1980s
(Figure 2). In other words, our model pre-
dicts that a woman born in 1940 would have
experienced a peak PCB-153 concentration in
1980 at approximately 40 years of age, whereas
a woman born in 1960 also would have
experienced her peak concentration in 1980
at approximately 20 years of age. Although
women born after maximum PCB-153 emis-
sions would have experienced the highest
maximum lipid-normalized PCB-153 con-
centrations, our model predicted that women
born approximately 15 years before the phase-
out (i.e., the generation born in 1960) would
have experienced the greatest cumulative life-
time exposure to PCBs (Figure 3C). For model
predictions for additional PCB congeners (28,
53, 101, 118, 138, 180), see Supplemental
Material, Figure 3.

The predictions generated by our model are
consistent with those reported by Alcock et al.
(2000) and Moser and McLachlan (2002). In
particular, the results of the present study and
Alcock et al. (2000) suggest that the previously
reported trend of increasing body burden with
age was most likely an artifact of the year of
birth relative to PCB emissions rather than
increasing PCB exposure with age. The peak in
dietary PCB contamination coincided with the
peak in prenatal PCB exposure in the study
by Moser and McLachlan (2002), whereas
the results of our study predict that the peak
in prenatal exposure occurred approximately
10 years after the maximum PCB emissions
(Figure 3A). Therefore, this 10-year delay may
represent the length of time required for PCBs
to move from the air through the environment
and into the food chain (Breivik et al. 2010).
Simulations with different PCB emissions sce-
narios [see Supplemental Material, Figure 2
(doi:10.1289/ehp.1002415)] suggest that the
temporal delay between generations with the
highest cumulative lifetime PCB exposures
and those with the highest prenatal and post-
natal exposures was approximately 20-30 years
regardless of the emissions scenario.

Our findings in this study imply that
because the highest accumulated exposure
occurred at reproductive age for women born
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Intergenerational exposure differences

in the 1960s (Figure 2), this group may be
especially at risk for reproductive disturbances,
as has been reported for both males and females
with high organochlorine exposures (Toft et al.
2006). We estimated that the highest prenatal
PCB-153 exposure occurred among children
born in 1980 (Figure 3A), which suggests that
this population may have been at increased risk
of health effects associated with prenatal PCB
exposure, including decreased motor skills,
growth impairment, reduced IQ, reduced
fecundity, and early-onset menstruation (Wigle
et al. 2008). Therefore, even though women
born in the 1960s may have experienced
a greater cumulative exposure to PCBs than
their children, their children may have suffered
more health effects due to prenatal exposure.
In other words, because of IGDE, the health
repercussions of PCB exposures will span sev-
eral generations but may manifest differently in
each generation depending upon the timing of
their exposure.

Contributions of reproductive behaviors to
IGDE under constant emissions. In addition
to changing emission time trends, a second-
ary source of IGDE may arise from changing
trends in reproductive behaviors. For example,
in Sweden, the average age at first birth was
24 years in 1970, compared with 28.9 years
in 2008, and the average number of children
per woman was 2.1 in 1960 compared with
1.6 in 2000 (Statistics Sweden 2009). To dif-
ferentiate reproductive trends from emissions
variability, we first examined reproductive
characteristics under a constant PCB emis-
sion scenario in which, once steady state has
been reached, there would be no PCB IGDE
assuming that reproductive behaviors are also
held constant. In other words, under steady-
state conditions, the mother and child would
have the same concentration profile.

Figure 4 shows comparisons of the pre-
dicted lifetime lipid-normalized PCB-153
concentration profiles of primiparous moth-
ers at different ages and prenatal, postnatal,
and cumulative lifetime exposure estimates
under constant PCB emissions. The prenatal
exposure of an infant born to a 20-year-old
mother is 79% and 73% that of an infant
born to a 30-year-old and 40-year-old
mother, respectively, with similar differences
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Figure 3. Comparison of prenatal (A), postnatal (B), and lifetime (C) lipid-normalized PCB-153 exposure predictions for default females according to year of birth (black

line) based on estimated time-variant PCB-153 emissions (blue line). Note the difference in the y-axis scale in C.
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in postnatal exposure according to the moth-
er’s age at birth (Figure 4A). This supports
the hypothesis that children born to moth-
ers with greater lifetime PCB exposure will
receive more maternal transfer (Bergonzi
et al. 2009; Lignell et al. 2009; Uemura et al.
2008). However, the age at which the mother
gives birth does not substantially influence the
mother’s own estimated cumulative lifetime
exposure (Figure 4A).

Figure 4B shows comparisons of the esti-
mated lipid-normalized PCB-153 concentra-
tion profiles of a 30-year-old woman with five
children (born at 2-year intervals at 22, 24, 26,
28, and 30 years of maternal age) and a nulli-
parous 30-year-old woman. Prenatal PCB-153
exposures of the second- and fifth-born
children are predicted to be 80% and 55%,
respectively, of the prenatal exposure of the
first-born child, with similar predictions for
postnatal exposure. Because we assumed that
multiparous women breast-fed each child, the
estimated decrease in both prenatal and post-
natal exposure of the fifth-born child is a con-
sequence of decreased body lipid burdens of
PCB-153 in the mother due to transplacental
transfer and breast-feeding of the previously
born children. These results assume 6 months
of breast-feeding and births at 2-year intervals;
if breast-feeding continued > 6 months, PCB
transfer from mother to child would increase
and the prenatal and postnatal exposure of
each successive child would decrease. On the
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other hand, prenatal and postnatal transfer
to successive children would decrease as the
amount of time between successive childbirths
decreases because the body burden of the
mother would have less time to recover to pre-
pregnancy levels between births. A decrease in
maternal transfer with increased parity might
be expected to indicate large differences in
the lifetime exposure of the mother (Schade
and Heinzow 1998; Vaz et al. 1993; Wang
et al. 2009). However, our model suggests
that a mother who gives birth to one, two, or
five children still experiences 96%, 91%, or
82%, respectively, of the PCB-153 lifetime
exposure of a nulliparous woman (Figure 4B),
supporting the hypothesis that parity has a
minimal influence on the lifetime exposure of
the mother (Bergonzi et al. 2009).

To differentiate the role of breast-feeding
as a source of contamination during infancy
and as a loss mechanism for the mother,
we considered four breast-feeding scenarios
(Figure 4C) depending on whether a woman
was fed by breast milk or formula as an infant
and whether she does or does not breast-feed
one infant of her own. Alcock et al. (2000)
estimated that the maternal PCB body burden
would decrease by 25% during 6 months of
breast-feeding, but our model only predicts a
5% decrease. The reason for the discrepancy
may be that Alcock et al. assumed that 7.5 kg
of a mother’s overall lipid content is transferred
to a child during 6 months of breast-feeding,
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compared with only 4.5 kg assumed by our
model. Furthermore, from the Alcock et al.
(2000) study, it is unclear what the original
lipid mass is for the mother who experiences a
25% decrease in body burden. The greater the
proportion of lipid transferred to the infant,
the greater the transfer of contaminant.

According to our model, at the age of
6 months, a formula-fed infant experiences
75% less postnatal PCB-153 exposure than
does a breast-fed infant (Figure 4C). However,
this translates into only a 15% reduction in
lifetime exposure (Figure 4C). Furthermore,
we estimate that breast-feeding as a loss mecha-
nism accounts for < 5% of the difference in the
lifetime exposure of a breast-feeding mother
relative to a non-breast-feeding mother
(Figure 4C). Of course, these predictions are
based on 6 months of breast-feeding the infant
100% of the time. In reality, a mother may
breast-feed her infant for > 1 year, which would
increase the amount of contaminant transferred
to the infant, or may use a combination of
breast milk and formula, which would decrease
the transfer of contaminant.

From these constant emissions calcula-
tions, we can estimate the exposure variability
within a population and between generations
that can be quantitatively attributed to mater-
nal age, parity, and breast-feeding prevalence.
Our results suggest that parity and being
breast-fed as an infant are the main factors
contributing to variability in the lifetime
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Figure 4. Predicted lipid-normalized PCB-153 profiles and estimated prenatal, postnatal, and lifetime exposures, assuming constant PCB-153 emissions over time
for a woman who gives hirth to her first and only child at 20, 30, or 40 years of age (A); has none, two, or five children (with births at 2-year intervals and the last
birth at 30 years of age) (B); and consumed breast milk (BM) or formula milk (FM) exclusively for 6 months after her birth and breast-fed (BF) or formula-fed (NBF)
a single infant born when the woman was 30 years of age (C). In a steady-state simulation, every generation experiences the same exposure (i.e., results for

mother and child are the same).
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PCB-153 exposure of the maternal popula-
tion. On the other hand, breast-feeding an
infant and age at childbirth do not signifi-
cantly influence a woman’s own lifetime expo-
sure. The previous number of offspring born
to a mother is the greatest determinant of
each infant’s prenatal exposure. Consequently,
our findings suggest that a shift in the num-
ber of children per family over time will have
a larger impact on intergenerational differ-
ences in both prenatal and lifetime PCB-153
exposures than will the other reproductive
characteristics examined. Our findings also
indicate that the type of milk fed to an infant
has the greatest impact on postnatal exposure,
and therefore the prevalence of breast-feeding
also may have a strong influence on inter-
generational differences in postnatal exposure.
Under constant PCB-153 emissions, shifts
in the age at which women give birth will
also introduce intergenerational differences in
both prenatal and postnatal exposures because
as the average age of childbirth increases, pre-
natal and postnatal exposure will also increase
(Bergonzi et al. 2009; Dewailly et al. 1996).
However, changes in maternal age will have
less of an impact on IGDE than will changes
in the number of offspring and the prevalence
of breast-feeding,

In terms of population impact, our results
suggest that women born to older mothers
and who have fewer older siblings may be
the most likely to experience reduced fecun-
dity and abnormal reproductive function-
ing due to their prenatal PCB-153 exposure.
Interestingly, regardless of the reproductive
characteristics of the mother, under con-
stant emissions all offspring achieve equal
lipid PCB-153 concentrations by 17 years
of age (Ritter et al. 2009), and our model
suggests that all women achieve approxi-
mately equal lipid PCB-153 concentrations
by about 60 years of age (Figure 3A-C). This
has potential implications for studies aim-
ing to evaluate changing body burdens of a
population over time. Specifically, researchers
aiming to deduce trends in the PCB exposure
experienced by a population over time should
consider sampling females 17 years of age
or > 60 years of age, because such sampling
would reduce the variability caused by factors
other than dietary contamination.

Contributions of reproductive characteris-
tics to bioaccumulation variability under time-
variant emissions. After evaluating the effects
of time-variant PCB-153 emissions on IGDE
and the impact of reproductive factors under
constant PCB emissions on IGDE, we assessed
the influence of reproductive characteristics in
combination with emission variability, which
is the scenario closest to reality. Figure 5 shows
average estimated prenatal, postnatal, and life-
time PCB-153 exposures according to year
of birth and reproductive characteristics. Our
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findings suggest that the age at which a mother
gives birth influences only the prenatal and
postnatal exposure of individuals born after
the PCB production phaseout (Figure 5A)
and that a younger mother (20 years of age)
born after the phaseout would transfer less
contaminant to an infant than would an older
mother (30-40 years of age). With respect
to lifetime exposure, the age of the mother at
birth appears to introduce only minor vari-
ability in IGDE.

The extent of prenatal and postnatal expo-
sure is greatest for the first-born child and
less for each successive child, but again, this
effect is observed only for women born after
the PCB production phaseout (Figure 5B).
On the other hand, the number of children

that a woman has would affect her lifetime
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exposure only if her children were born before
the PCB production phaseout. In this case, a
nulliparous woman would have a higher lipid
PCB-153 concentration than would a parous
woman, and lifetime exposure would decrease
with increasing parity. These results suggest
that reproduction is a significant loss mecha-
nism for PCBs, with respect to lifetime expo-
sure, only for women born during the peak
period of PCB use and production.

With respect to postnatal exposure, our
findings suggest that the breast-fed child is
exposed to more PCB contamination than
is the formula-fed child regardless of year
of birth, with the greatest contrast between
breast-fed and formula-fed infants born in
1980 (Figure 5C). This suggests that breast
milk is a significant source of contamination
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Figure 5. Predicted lipid-normalized prenatal, postnatal, and lifetime exposures to PCB-153 as a function
of year of birth, assuming time-variant PCB-153 emissions for a woman who gives birth to her first and
only child at 20, 30, or 40 years of age (A); has none, one, two, three, four, or five children (with childbirth
at 2-year intervals and the fifth child born at 30 years of age for multiparous women) (B); and consumed
breast milk (BM) or formula milk (FM) exclusively for 6 months after hirth and breast-fed (BF) or formula
fed (NBF) a single infant born when the woman was 30 years of age (C).
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for infants. On the other hand, the difference
in lifetime exposure is more complicated. We
estimate that a woman who is breast-fed but
does not breast-feed her own child will have
the highest lifetime PCB exposure regardless
of year of birth, whereas a woman who was
formula fed as an infant but breast-feeds her
own child will have the lowest lifetime expo-
sure (Figure 5C). For women born between
1950 and 1980, differences between women
who were breast-fed and also breast-feed a
child and women who were formula-fed and
do not breast-feed a child depend upon her
year of birth relative to the PCB emissions
scenario. In general, however, the overall dif-
ference between the four groups of women
is relatively insignificant to their cumulative
lifetime exposure.

Finally, as noted for the constant emissions
scenario, by the time women reach 60 years of
age, reproductive factors no longer contrib-
ute to population variability (for a population
that is reproductively active only from 20 to
40 years of age). Furthermore, a mother’s
reproductive characteristics appear to have a
greater impact on the lipid PCB-153 concen-
tration of her infant than on her own expo-
sure, but the mother’s characteristics appear
to be important only to infants born after the
PCB production phaseout. This most likely
reflects the amount of contaminant accumu-
lated in the mother by the time she is of child-
bearing age. Most of the variation in the infant
population can be attributed to feeding behav-
ior, whereas the mother’s age at childbirth is
relatively unimportant.

Conclusion

We investigated the role of reproductive charac-
teristics and time-variant emissions to improve
our understanding of intergenerational differ-
ences in PCB lipid concentrations. Although
our results suggest that women born before

the PCB production phaseout experienced
the highest cumulative lifetime exposure to
PCBs, those born after the phaseout experi-
enced higher prenatal and postnatal exposure.
Because prenatal and postnatal PCB exposures
have been associated with health complications,
our results suggest that even though measures
to phase out PCBs were initiated > 40 years
ago, the health effects of PCBs are likely to
persist over several generations.
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