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Abstract. We report on the PCB levels in plasma from chain. Prolonged exposure to relatively small amounts of PCBs
42-month-old children and the factors that determine theséeads to high levels of these compounds in species at the top of
levels. We measured the levels of the PCB congeners 11the food chain, including fish, birds, wildlife, and human
(2,4,5-34" pentachlorobiphenyl (CB)), 138 (2,3,4- beings. Food is the major source §0%) of human exposure.
2'4’'5'hexaCB), 153 (2,4,52'5'hexaCB), and 180 (2,3,4,5- InThe Netherlands, dairy products are the major contributors to
2'4’5'heptaCB) in cord plasma, breast milk, and plasma fromthe daily intake of PCBs (Huismaet al. 1995a).
42-month-old children (= 126) living in the Groningen area, PCBs can be found in all fat compartments of the human
The Netherlands. The sum of the levels of these four congebody, including blood and adipose tissue (Jensen 1987). They
ners was calculated for cord plasm®PCRB.,q), breast milk  cross the placenta and are transferred into breast milk, exposing
(ZPCByik), and 42-month plasm&PCBiomg. 2PCB.ogwWas  the offspring during fetal life and infancy (Jacobsen al.
used as a measure of prenatal exposure. Postnatal exposure vi&84). Breast milk contains relatively large quantities of these
assessed in terms of tBCBx and the duration of lactation. compounds, and in the baby almost complete absorption takes
In addition, maternal factors including age, body weight andplace (Dahkt al. 1995; Abrahanet al. 1994). In infant formula
height, parity, and formal education were recorded. In 42-monthmilks, no detectable amounts of PCBs have been found. The
old children who have been fully breast-fed for at least sixlatter is due to the fact that in the process of infant formula
weeks as babies, the medBRCB,,,was 4.5 times as high as production, cow’s milk lipids are replaced by fats of vegetable
that in formula-fed children (0.81 pg/L vs. 0.18 pg/L). The PCB origin.
levels in cord blood and human milk and the duration of In the present study, we report on the PCB levels in plasma
breast-feeding predict the plasma PCB level at 42 months. Eaabbtained from 42-month-old toddlers that have been breast- or
additional week of full breast-feeding is estimated to result informula-fed as babies, and the factors that determine these
an increase of 0.3% of the milk PCB level. We concluded thatlevels.
lactation is a major source for the child’s PCB body burden at
42 months.

Materials and Methods

From June 1990 until 1992, healthy pregnant women were asked to

. . . . _participate in the study. The planned sample size was 100 breast-
Polychlorinated biphenyls (PCBs) are polycyclic aromalt'cfeeding and 100 formula-feeding mothers. Eligible women were

compounds, that are widespread environmental pollutants. 1§,,ached by their midwives or obstetricians between the 32nd and
the Western world, PCBs were used in a wide range 0hath week of pregnancy. To be elegible, women had to be healéhy (
industrial products, such as fire retardants, paint additivesaot suffering from a serious illness); had to live in Groningen or
plasticizers, and dielectrical fluids in capacitors and transformsurroundings, which is a semi-industrialized region in the northeastern
ers, until they were banned in the late 1970s. There are 20@art of the Netherlands; had to be of caucasian origin; had to have no
possible PCB congeners, which differ in their chlorine substitu-history of direct exposure to PCBs; and had to have no more than one
tion pattern and their degree of chlorination. They are highlymher child. The current child hgd to be healthy and born at term. The
lipophilic, chemically stable, and resistant to breakdown byMothers were provisionally assigned to one of the two feeding groups
acids, bases, heat, and hydrolysis. Due to these Chemicfo}r the basis of t.helr intention to brgast- or formula-feed their infant. In
. " - . e breast-feeding group, we only included mothers who were able to
properties, PCBs are extremely dlfflc_ult for living OrQa“'SmS to ustain full breast-feeding for at least six weeks. In the formula-feeding
excrete. PCBs therefore tend to bioaccumulate in the foo‘group, formula milk from a single batch (Almiron M2; Nutricia N.V.;
The Netherlands) was provided. In the latter group, children were
exclusively fed on formula milk during the first six months after birth.
For each mother, the age at delivery, parity, and formal education were
Correspondence tcC. |. Lanting recorded. In addition, the maternal prepregnancy body weight and
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Table 1. Characteristics of the participants and the nonparticipants in 15 I
the final study populaticn
Participants Nonparticipants ¥
m
Variables n Outcome n Outcome %
Feeding mode S
% Breast-fed 126 50 85 48 5 °r * - -
Duration of full P *
breast-feeding -
median (range; ]
weeks) 63 14 (6-30) 41 14 (6-30) o T
SPCBo £ *
median (range; © s |
pg/L) 115 0.35(0.12-1.10) 76 0.37 (0.08-0.81) T
3PCByi¢
median (range;
pg/L) 58 119 (3.3-28.2) 37 10.9 (5.8-31.0) * E
2 Data concern 211 mother/infant pairs. Differences between groups are I%l -
not significant 0 ] I I
b3 PCB.,¢ = sum of the levels (ug/L) of the PCB congeners 118, 138, 118 138 153 180
153, and 180 in cord plasma
¢ 3PCBy = sum of the levels (ug/L) of the PCB congeners 118, 138, PCB congener

153, and 180 in breast milk Fig. 1. Levels of the PCB congeners no. 118, 138, 153, and 180 in

breast milk (n= 63)
Table 2. Baseline characteristics of the study group

Variables Breast-Fed Formula-Fed  grom the breast-feeding mothers, milk was collected as a 24-h sample
Number of children 63 63 in the second week after delivery by emptying both breasts with an
Sex electrical pump (Babyluxus 2, KAWECO, Stuttgart, Germany). Ten-
% boys 48 51 percent aligouts were pooled and stored-&0°C. The remaining
Birth weight breast milk was given to the infant by bottle. The PCB congeners no.
Mean+ SD (g) 3,624+ 510 3,477+ 412 118 (2,4,5-34' pentachlorobiphenyl (CB)), 138 (2,3,4425’ hexaCB),
Maternal pre-pregnancy weight 153 (2,_4,5-24’5’ hexaCB), and 189 (2,3,4,545 heptaCB) were
Mean= SD (kg) 66+ 9 68+ 112 determined in plasma and breast milk by means of gas chromatography
Maternal height with electron capture detection (Burseal. 1989; Tuinstrat al. 1993).
Mean=+ SD (cm) 171+ 6.5 171+ 6.0 The same measurements were done in samples of the formula milk. All
Maternal BMP PCB measurements were performed at the TNO Nutrition Laboratories
Median (range) 22 (16-32) 22 (17-32) in Zgist, The Netherlands. The levels of these four congeners are
Maternal age at delivery relatively high, and therefore measurable at reasonable levels of
Mean= SD (years) 3t 3 28+ 42 accuracy and precision. The sum of the levels of these four congeners
Duration of full breast-feeding was calculated for cord plasmaRCBg, breast milk EPCBy), and
Median (range; weeks) 14 (6-30) 0 plasma obtained from the 42-month-ol&PCB;yy,9. The SPCB.oq
Duration of partial breast-feed- was used as a measure of prenatal exposure. Postnatal exposure to
inge PCBs from nursing was assessed in terms of IRCB,,;, and the
Median (range; weeks) 3 (0-52) 0 number of weeks during which fullXPCB, - duration of full
Formal education of the mother nursing) and partial PCB., - duration of partial nursing) breast-
% higher educatich 76 15 feeding had been given. A more detailed description of the sampling
and analytical methods can be found in a previous report (Huighan
aSignificantly different from the breast-feeding group<(®.05) al. 1995hb).
bBMI = body mass index [weight (kg)/height (#h) The Chi-square, the student'test, and the Mann-Whitney U test
¢ Number of weeks during which the child was fed on both breast andvere used to compare groups. TBECB,, the SPCB,, and the
formula milk 3 PCBymoWere logarithmically transformed. The effect of prenatal and
d Professional or university training lactational exposure on the plasma PCB levels at 42 months was

evaluated by multiple regression analysis. ThBCB,,,, was the
dependent variable. The maternal age, body weight and height at

. . delivery, BMI, parity, and formal education of the mother; the initial
height were noted and used to calculate the body mass index (BMlgqde of feeding; th&PCB,,; and the PCB exposure during full

weight (kg)/height (nf). The BMI is an indicator of fat stores. Also, prsing were the independent variables. A p value of 0.05 or less was
data on the number of weeks of full and partial breast-feeding was.nsidered significant.

collected. The medical ethics committee of the University Hospital
Groningen approved the protocol.
Immediately after birth, blood was obtained from the umbilical cord.
When the children were 42 months of age, a 5-ml blood sample WaBesuns
taken by means of venipuncture. Parental consent was obtained.
Plasma and cells were separated by centrifugation at 3,000 rpm for 16wo hundred and eleven mothers and their children took part in
min. The plasma samples were stored-&0°C until PCB analysis. this study. One hundred and four (49%) of these women were in
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the breast-feeding group, and 1®1%) belonged to the formula- higher in the breast-fed group (0.39 ug/L, range: 0.17-1.1,;
feeding group. In the perinatal period, 191 cord-plasma samples = 58) as compared to that in the formula-fed group (0.32
and 99 breast-milk samples were collected. At the age of 42ug/L, range: 0.12—-0.83; & 57). At 42 months, in the breast-fed
months, blood was sampled from 126 (60%) children andgroup the medialXPCBy,m Was equal to 0.81 pg/L (range:
analyzed for PCBs. The main reason for not obtaining a plasm@.23-2.2 pg/L), whereas it was 0.18 pg/L (range: 0.07-1.49) in
sample from the 85 remaining toddlers was the inability of thethe formula-fed children (p< 0.001). The mediar®PCByk
parents to visit the hospital due to practical problems, such awas 11.9 pg/L (range: 3.3—-28.2 pg/L=n58). In the formula
the pregnancy of the mother, or the absence of care for siblingsnilk samples, the levels of the PCB congeners no. 118, 138,
The children whose blood was sampled at 42 months of age dii53, and 180 were found to be below the limit of detection.
not significantly differ from those whose blood could not be Figure 1 shows the congeneric pattern of the mother’s milk.
obtained at this age in terms of feeding mode, duration of fullFigure 2 presents the median levels of the individual PCB
breast-feeding, cord-plasma and breast-milk PCB levels (Tableongenersi(e. congeners no. 118, 138, 153, and 180) at birth
1). Table 2 presents the characteristics of the final study groumnd at 42 months of age for the breast- and the formula-fed
At birth, the median®PCRB.,,q was significantly (p< 0.01)  children, respectively.
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The regression analysis resulted in the following model: relationship between blood PCB levels at four years of age and
behavioral activity level (Jacobson and Jacobson 1990). This
3 PCByymo = 0.429(SE= .149) behavioral effect of postnatal PCB exposure was found to be

" S44(SE-.136) subtle and its clinical relevance is uncertain. Today the influ-

- 0.820(SE= .281f" - XPCE; ence of perinatal PCB exposure on human sexual development
+ 0.0028(SE= .00055) - FBF SPCB, and fertility is a major issue in PCB res_earch. As yet the impact

of PCB exposure on these aspects is unclear (Gladeal.

where FBF stands for the number of weeks of full breast-1996). .
feeding, which in case of bottle-feeding is equal to zero. FM, N conclusion, the plasma PCB level at preschool age are
which stands for feeding mode, takes the value zero forelated to the duration of full breast-feeding, and the PCB levels
breast-fed children and one for bottle-fed children. This nonlin-in cord plasma and human milk.
ear model explains 75% of variance. Each week of additional
breast-feeding is estimated to increaseXRC B, by 0.28% ]
(SE = 0.05%) of theSPCByx. For a mother with a median Acknowledgments.We would like to thank Dr. B. C. L. Touwen for
. itk

I . . the critical review of this article. This study is part of an international
2PCBii (i.e. 11.9 ug/L) this am_ounts to an increase of O'O?’?’research project entitled “Early PCB exposure and neurodevelopmen-
pa/L per week of full breast-feeding.

) . tal deficit: Application and validation of indicators for the early
The maternal factors, including age, prepregnancy bodyjetection of deficit,” which is funded by the European Community

weight and height, BMI, parity, formal education, and the (contract no. EV5V-CT92-0207).

child’s exposure to PCBs during partial breast-feeding were not

significantly associated with thePCB,,,,, and were dropped

from the model.

References

Abraham K, Hille A, Ende M, Helge H (1994) Intake and faecal

Discussion excretion of PCDDs, PCDFs, HCB, and PCBs (138, 153, 180) in a
breast-fed and a formula-fed infant. Chemosphere 29(9-11):2279—

Lactation is a major source for the PCB body burden in 2286
42-month-old children. The median 42-month plasma PCBBUrse VW, Korver MP, Needham LL, Lapeza CR, Boozer EL, Head
level of children that have been breast-fed for at least six weeks tslc')-n ';'fdgr'ﬁo“:ﬁ;a ?:gi?p'ﬁg&g?:é if‘osclcct‘rrirzns""i;’?r:asg::fr:_eéilrl':g;a'
was 4.5 times as high as that of formula-fed children. Each rative studv. J Assoc Off Anal Chemn 72(4)-649—659 : i
add_ltlonal week of full breast-feeding was estimated to resulurbahI P Linds{rom G, Wiberg K, Rappe(C) (1995) Absorption of
an 'ncrease of "f‘bOUt 0.3% of the m'lk_ PCB_IeveI. Qur study polychlorinated biphenyls, dibenzo-p-dioxins and dibenzofurans
population consisted of 126 mother/child pairs, which can be by preast-fed infants. Chemosphere 30(12):2297-2306
considered typical for The Netherlands (Koopman-Esseb®om Gladen BC, Rogan WJ, Ragan NB (1996) Preliminary results on
al. 1994). PCB levels in plasma and breast milk in The prenatal and lactational exposure to PCBs and DDE and pubertal
Netherlands are comparable to those found in other parts of the growth and development. Organohalogen Comp 30:215-217
industrialized Western world, including the United StatesHuisman M, Eerenstein SEJ, Koopman-Esseboom C, Brouwer M,
(Jacobsoret al. 1990; Rogan and Gladen 1991; Jacobson and Fidler V, Muskiet FAJ, Sauer PJJ, Boersma ER (1995a) Perinatal
Jacobson 1990, 1996). It should be mentioned that the effect of €xposure to polychlorinated biphenyls and dioxins through dietary
the intake by the children of food products other than breast or uiS'”mtzlr‘]eMCEi’;‘g:q‘;?}eéesziggﬁzc73':_&268:\/ Hadders-Algra M, van
{/Sémzl\?emnll)kirﬁ‘grzrlnzam)orlntt; }chCiSBrr!Z\':g f was not determined, a der Paauw CG, Tuinstra LGMTh, Weisglas-Kuperus N, Sauer PJJ,

. . Touwen BCL, Boersma ER (1995b) Perinatal exposure to polychlo-
Among the infants of mothers who decided to breast-feed, the rinated biphenyls and dioxins and its effect on neonatal neurologi-

median PCB Ieyel in cord plasma was significantly higher than cal development. Early Hum Dev 41:111-127
that among children whose mothers preferred formula-feedingyisman M, Koopman-Esseboom C, Lanting Cl, van der Paauw CG,
This difference in cord plasma levels can be attributed to  Tuinstra LGMTh, Fidler V, Weisglas-Kuperus N, Sauer PJJ,
differences in the mother’s dietary intake of PCBs, and the Boersma ER, Touwen BCL (1995c) Neurological condition in
mean maternal age (see Table 2). In the Dutch setting, 18-month-old children perinatally exposed to polychlorinated
formula-feeding mothers have been found to consume less biphenyls and dioxins. Early Hum Dev 43:165-176
dairy products and beef, which are relatively high in PCBs, aglacobson JL, Jacobson SW (1990) Effects of exposure to PCBs and
compared to their breast-feeding counterparts (Huisetaad. related compounds on growth and activity in children. Neurotoxi-
1995a). Furthermore, women who decided to bottle-feed their cgl Ter?i°'J12:3b19_328?N 1096) Intellectual impairment in child
infant were younger at the time of delivery. This implies that acobson JL, Jacobson SW ( ) Intellectual impairment in children
. . exposed to polychlorinated biphenyls in utero. N Engl J Med
formula-feeding mothers have been subjected to a shorter

. ; . 35:783-789
period of PCB intake than the breast-feeding women. Jacobson JL, Fein GG, Jacobson SW, Schwartz PM, Dowler JK (1984)
Contrary to prenatal exposure (Jacobsorl. 1990; Rogan The transfer of polychlorinated biphenyls (PCBs) and polybromi-

and Gladen 1991; Huismaat al. 1995b, 1995c; Jacobson and nated biphenyls (PBBs) across the human placenta and into
Jacobson 1996), adverse effects of postnatal PCB exposure maternal milk. Am J Public Health 74:378-379
have seldom been found. One study showed a negativ@acobson JL, Jacobson SW, Humphrey HEB (1990) Effects of in utero



139

PCBs in Plasma of Children
relation to living areas in The Netherlands. Chemosphere 29:2327—

exposure to polychlorinated biphenyls and related contaminants on

cognitive functioning in young children. J Pediatr 116:38-45 2338
Jensen AA (1987) Polychlorobiphenyls (PCBs), polychlorodibenzo-p-Rogan WJ, Gladen BC (1991) PCBs, DDE, and child development at

dioxins (PCDDs) and polychlorodibenzofurans (PCDFs) inhuman 18 and 24 months. Ann Epidemiol 1:407-413

milk, blood and adipose tissue. Sci Total Environ 64:259-293 Tuinstra LGMTh, van Rhyn JA, Traag WA, van de Spreng P, Zuidema
Koopman-Esseboom C, Huisman M, Weisglas-Kuperus N, Boersma T, Horstman HJ (1993) Method for the determination of dioxins,
ER, de Ridder MAJ, van der Paauw CG, Tuinstra LGMTh, Sauer  planar and other PCBs in human milk. Organohalogen Comp
PJJ (1994) Dioxin and PCB levels in blood and human milk in 11:181-183



