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Abstract

Passage of environmental chemicals across the placenta has important toxicological 

consequences, as well as for choosing samples for analysis and for interpreting the 

results. To obtain systematic data, we collected in 2000 maternal and cord blood, cord 

tissue, placenta, and milk in connection with births in the Faroe Islands, where exposures 

to marine contaminants is increased. In 15 sample sets, we measured a total of 87

environmental chemicals, almost all of which were detected both in maternal and fetal 

tissues. The maternal serum lipid-based concentrations of organohalogen compounds 

averaged 1.7 times those of cord serum, 2.8 times those of cord tissue and placenta, and 

0.7 those of milk. For organohalogen compounds detectable in all matrices, a high degree 

of correlation between concentrations in maternal serum and the other tissues 

investigated was generally observed (r2 > 0.5). Greater degree of chlorination resulted in 

lower transfer from maternal serum into milk. Concentrations of pentachlorbenzene, -

hexachlorocyclohexane, and several polychlorinated biphenyl congeners with low 

chlorination were higher in fetal samples and showed poor correlation with maternal 

levels. Perfluorinated compounds occurred in lower concentrations in cord serum than in 

maternal serum. Cadmium, lead, mercury, and selenium were all detected in fetal 

samples, but only mercury showed close correlations between concentrations in different 

matrices. While the environmental chemicals examined pass through the placenta and are 

excreted into milk, partitions between maternal and fetal samples are not uniform.

Keywords: Biomonitoring, environmental exposure, human milk, maternal-fetal 

exchange, metals, organohalogen compounds, perfluorinated compounds, umbilical cord 

Main message: Most environmental chemicals pass the placental barrier, but 

interpretation of their concentrations in maternal and fetal tissues must take into account 

the relative partitioning. 
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Introduction

Developmental exposures to environmental chemicals have become an important public 
health concern because of their possible toxic impact on sensitive development and 
programming of organ functions (1). Unfortunately, the degree to which different 
persistent pollutants pass from the mother to the child is only partially known (2). Thus, 
the partition between maternal and fetal tissues is of importance to the risk assessment of 
environmental chemicals and to selection of samples for biological monitoring. 

Cord blood has the advantage of being a non-invasive sample and has been used for 
assessing exposure to a variety of metals and organohalogen compounds (3-8). While 
collecting the umbilical cord is easy, this tissue has been utilized only occasionally for 
exposure assessment, e.g., for methylmercury (9). Despite a low lipid content, analyses of 
the cord for lipophilic contaminants have also been reported (10-12). The placenta is a 
more complex tissue, because of its mixed maternal/fetal origin, thus ideally requiring
removal of the maternal part before chemical analysis (7, 13). Placental concentrations of 
environmental chemicals reflect the accumulation at the barrier— e.g., in the case of 
cadmium (14-16). Finally, human milk concentrations reflect the maternal body burden 
as well as the nursing infant’s lactational exposure (7, 17, 18).

The relation between concentrations of environmental chemicals in maternal and 
fetal tissues and tissue fluids, and the conversion factors for concentrations in commonly 
used samples have not been systematically documented. Previous studies of paired 
samples suggest that organohalogen pollutant concentrations, when expressed on a lipid
basis, tend to be somewhat higher in milk than in maternal serum, which again contains 
higher levels than umbilical cord serum (6, 19-25). While the distribution may depend on 
the molecular weight of the compound, molecular size, differences in lipophilicity, and 
affinities to biological molecules (26), the overall effect of the physico-chemical 
properties is difficult to predict. The present study therefore aimed at determining the 
extent to which important environmental chemicals follow similar partitions between 
media frequently used for biological monitoring purposes. We collected paired mother-
child samples to measure the concentrations of 87 environmental chemicals, including 20 
polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), 
and coplanar polychlorinated biphenyls (PCBs); 58 other PCBs, organochlorine 
pesticides, and polybrominated diphenyl ethers (PBDEs); five perfluorinated compounds;
and four trace elements. These substances are also part of the Centers for Disease Control 
and Prevention’s National Human Health and Nutrition Examination Survey (NHANES), 
which is a biannual survey of the non-institutionalized population of the United States 
(27).

Matched mother-child samples were obtained in connection with consecutive 
normal parturitions in the Faroe Islands. We chose to carry out the study in this fishing 
community because of an anticipated wide range of exposures. The traditional Faroese
diet includes pilot whale, which accumulates high concentrations of PCBs, certain 
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pesticides, and other persistent lipophilic compounds in the blubber, while 
methylmercury is accumulated in the meat (28, 29).

Materials and Methods
Subjects, sample collection, and chemical analyses. In connection with the recruitment 
of a cohort from consecutive births at the National Hospital in Torshavn, Faroe Islands
(30), maternal blood, maternal hair (for mercury analysis), placenta (fetal part), umbilical 
cord tissue, cord blood, and milk were obtained. Detailed information on sampling,
chemical analyses, and abbreviations is given in the Supporting Information (S1).

Virtually complete sample sets were obtained from 106 normal births. Two weeks 
after childbirth, each mother was interviewed by use of a questionnaire on the frequency 
of meals and portion sizes that included traditional foods, such as pilot whale meat, pilot
whale blubber, fish, fulmars, and other seabirds. The Faroese diet is otherwise similar to 
the Scandinavian diet.

Hair from all sample sets was first analyzed for mercury, and all milk samples were 
analyzed for major PCB congeners. On the basis of these initial results, 15 complete 
sample sets – maternal hair, whole blood, serum and milk, placenta, and infant cord 
tissue, whole blood, and serum – were selected for pollutant analyses. Five sets 
represented mothers who had not eaten whale meat or blubber at all during pregnancy 
(Group 1). Five represented the highest hair-mercury concentrations among the samples 
analyzed, as a likely reflection of a high intake of whale meat in the recent past (Group 
2). The last five sets of samples had the highest milk-PCB concentrations as an indication
of a high life-time blubber intake (Group 3). Background information on relevant 
parameters was extracted from the obstetrical charts.

The project was approved by the Faroese ethical review committee and 
subsequently by the IRB at Harvard School of Public Health; written informed consent
was obtained from each mother. 

Statistical analysis. Concentration ratios were calculated for the various matrices 
in regard to the concentration in maternal blood. Each set of pairwise data was processed 
when at least five pairs of samples had results for the specific analyte above the detection 
limit, and an average concentration ratio was calculated if Pearson’s correlation 
coefficient was at least 0.7 (r2 0.5). For each matrix, the ratios obtained for the analytes 
were ranked, and extreme results were eliminated sequentially until the overall average 
showed a coefficient of variation of no more than 20%. This strategy ensured that almost 
all individual ratios for the different analytes were within one standard deviation from the 
overall average. If based on results with correlation coefficients above 0.7, outlier ratios 
are reported separately as the arithmetic means. Ratios based on correlation coefficients 
below 0.7are reported separately as medians. Concentration dependence of the ratios was 
assessed by calculating regression coefficients, where the regression line was forced 
through the origin. Apart from increased uncertainty of results close to the detection 
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limit, regression coefficients were in accordance with the average ratios, and regression 
analyses are therefore not reported. 

Results 
Maternal age, parity, body weight, and weight gain during the 15 pregnancies are shown 
in Table 1. The three exposure-based groups differed only slightly from one another in 
regard to background information. While maternal serum and milk were analyzed for the 
complete set of 87 environmental chemicals, the 20 PCDDs, PCDFs, and coplanar PCBs 
were not determined in cord blood, cord tissue, and placenta due to insufficient sample 
sizes combined with low lipid contents. The perfluorinated compounds (PFCs) were 
analyzed in twelve sets of maternal serum, cord serum, and milk. Of the 58 
organohalogen compounds determined in fetal samples, only 2,2,5,5,8,9,9,10,10-
nonachlorobornane (Parlar-62), BDE-85, and PCB-18 were below the detection limit for 
all samples. Parlar-62 was detected in maternal serum, although in only three samples. In 
general, environmental chemical concentrations for Group 1, who did not eat traditional 
food during pregnancy, tended to be lower than the results for the two other groups, and 
the results for Group 3 with the high milk-PCB concentrations were among the highest 
also for most of the chemicals analyzed. Thus, the sampling strategy ensured a wide 
range of results. 

Concentrations in umbilical cord serum and milk, and to a lesser extent those from 
cord tissue and placenta, correlated well with the maternal serum concentrations. In cord 
serum, only pentachlorobenzene (PCBz) and -HCH seemed to diverge from this pattern. 
In placenta and cord tissue, the highly chlorinated PCBs correlated the best with the 
maternal serum concentration, while PCB congeners 28, 44, 49, 52, 66, 101, 105, 128, 
and 149 showed much scattering. Greater variability in the apparent partition occurred at 
concentrations close to the detection limit. The a priori requirement of at least five 
sample pairs with detectable concentrations reduced the numbers of sample pairs to 43, 
45, 50, and 59 for cord serum, cord tissue, placenta, and milk, respectively. A correlation 
coefficient of at least 0.7 resulted in further reduction to 39, 34, 29, and 56 sample pairs. 
Based on the required agreement with an overall ratio in regard to maternal serum, the 
partition ratios for the four specimens were based on 33, 22, 21, and 38 sample pairs.

Based on the overall mean ratios, cord serum, cord tissue, and placenta had lower 
lipid-based concentrations of organohalogen substances than maternal serum, while the 
relative lipid-based concentrations in milk were higher (Table 2). Support for these
overall results was also obtained from several median ratios calculated for sample pairs 
with correlation coefficients below 0.7 (Tables S1-S3). Among the brominated 
substances, BDE-47 and, less clearly, BDE-100 tended to show increased concentrations 
in tissue and milk compared to maternal serum (Table S1). The chlorinated pesticides
PCBz and -HCH showed a relative excess in fetal samples (Table S2). When compared 

-HCH concentrations, the results for the gamma isomer were generally almost two 
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orders of magnitude lower in maternal serum and milk, but of similar magnitude in the 
fetal samples. p,p-DDE concentrations showed averages about 50-fold higher than those 
of the DDT isomers, which had less stable ratios. Several pesticides showed 
concentrations in milk that were higher than anticipated from the overall average ratio.

For the sum of polychlorinated biphenyls (Figure 1), the lipid-based cord serum 
concentration correlated very well with that of the maternal serum (r = 0.99) and showed 
a concentration ratio of 0.56. For milk, the correlation was not as close (r = 0.87), and the 
average ratio was 1.35. Cord tissue PCB concentrations correlated as well as milk (r = 
0.88), although with an average ratio of 0.64, while placenta concentrations showed a 
poorer correlation of 0.53. 

Some PCB congeners showed higher lipid-based concentrations in fetal samples 
than in maternal serum and milk (Table S3), but some of these ratios may be imprecise 
due to concentrations close to the detection limit and poor correlations between paired 
samples. When the PCBs were grouped according to chlorination, the partition between 
maternal serum and milk decreased at higher number of chlorine substitutions (Figure 2). 
For the other paired samples, correlations between partitions and the degree of 
chlorination were less clear and more variable.

Concentrations of the dioxin-like compounds varied somewhat less than other 
halogenated substances. Still, several PCDDs and PCDFs, and PCB congeners 126 and 
169, showed high correlations between paired maternal serum and milk samples, and they 
were in agreement with regard to the relative distribution in the two matrices. Overall, the
partitioning between the lipid phases agreed with the ratio of approximately 1.5 for milk 
versus maternal serum for 1,2,3,7,8-pentachlorodibenzo-p-dioxin (12378D), 123478D, 
123678D, 2,3,4,7,8-pentachlorodibenzofuran (23478F), 123478F, 123678F, and PCB 
congeners 126 and 169. Although sufficient numbers of detectable concentrations were 
not available for several dioxin-like substances, increased chlorination tended to show a
lower ratio between milk and maternal serum concentrations.

All five PFCs were detected in the samples analyzed. Perfluorooctanic acid 
(PFOA), perfluorooctane sulfonic acid (PFOS), perfluorononanoic acid (PFNA), and 
perfluorodecanoic acid (PFDA) revealed excellent correlation between maternal and cord 
serum concentrations, with ratios of 0.72, 0.34, 0.50, and 0.29 (Table 3). Perfluorohexane 
sulfonic acid (PFHxS) showed a poor correlation, but the median ratio of 0.74 confirmed 
that transplacental passage occurred. In the milk samples, only PFOA was detected, and 
then only in seven of 11 samples analyzed. Assuming a PFOA concentration of 0 in the 
milk samples below the detection limit, the correlation with the maternal serum PFOA 
concentration was 0.80 and with cord blood 0.72.

In regard to the trace elements (Table 4), lead was below the detection limit in all 
cord tissue samples. Although poorly correlated, the average lead concentrations were 
quite similar in cord blood and milk, but higher in the placenta. Cadmium showed a 100-
fold excess in placenta in comparison to that in cord blood, but blood concentrations 
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close to the detection limit made partition calculations unstable. Mercury and selenium 
showed similar partition ratios, although the average ratio for cord tissue versus cord 
blood was much higher for mercury than for selenium. Mercury showed excellent 
correlations between concentrations in different matrices (Figure 3), while selenium 
showed much scattering. In the matrices analyzed, the two elements correlated only 
poorly (e.g., r = 0.27 for cord blood), and the average molar concentration of selenium in 
cord blood, placenta, and milk exceeded that of mercury by approximately 20-fold. 

Discussion
This study addressed the partition between maternal and fetal tissues for a large number 
of environmental chemicals of toxicological interest. The samples were selected from 
normal births in a fishing community, where elevated exposures to marine contaminants 
occur. A range of exposures was intended for determination of relative partitions at 
different concentration levels. The results cover a large number of important 
environmental chemicals, particularly substances commonly present in human samples.

Virtually all substances detected in the samples were present in fetal tissues and 
cord blood as an indication that transplacental passage had occurred. Concentrations of 
cadmium were relatively increased in the placenta, thus suggesting a partial barrier for 
this trace element, as also reported in previous publications (14-16). For the lipophilic 
substances, possible placental accumulation was observed only for some low-chlorination 
PCBs, although increases also occurred for concentrations in cord tissue and cord serum. 

Cord serum concentrations of lipophilic substances averaged slightly more than half 
of the levels in maternal serum after adjustment for lipid concentrations. The average 
lipid concentration in maternal serum (8.9 g/L) was three-fold higher than in cord serum 
(3.0 g/L), and on a volume basis, concentrations in cord serum therefore averaged only 
20% of those occurring in maternal serum. Lipids are likely to pass more rapidly than the 
contaminants into the fetal circulation, but may then be metabolized, thereby lowering the 
concentration on the fetal side. 

Lipid-adjusted concentrations in placenta and cord tissue were slightly more than 
one-third of the results observed for maternal serum. The lipid concentration of the 
placenta was about 5-fold higher than in cord tissue, but only small differences occurred 
in the number of samples of these tissues with detectable concentrations of the lipophilic 
substances. Overall, the correlations between paired samples and the partition of 
lipophilic substances in maternal and fetal samples extend similar observations reported 
in previous studies (3-8).

The dioxins and related substances were measured only in paired serum and milk 
samples. The lipid-based concentration of dioxins tended to be about 50% higher in 
human milk, but the ratio was not constant for all analytes. However, in general, 
deviations were rather small. Two highly chlorinated substances—OCDD and 
1234678D—were excreted to a lesser extent into milk compared to maternal serum 
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concentrations. This finding suggests that the passage into milk may be more difficult for 
larger molecular sizes (5, 24), as also seen for PCB congeners (Figure 2). Although the
dioxin-related substances were not measured in fetal samples, other studies suggest that 
some degree of barrier may exist in the placenta (31).

Considerable differences have been reported in lipid-adjusted concentrations of 
some environmental chemicals in maternal serum and milk from the same individual 
(32). In particular, a uniform distribution in the lipid phase between the samples had been 
called into question for -HCH, HCB, and the more lightly chlorinated PCBs (8,
25). The present study confirmed that several substances deviate from a uniform pattern 
of distribution, in particular PCBs with low chlorination, such as congeners 28, 44, 49, 
52, 66, 101, 110, and 149. Compared to their concentrations in maternal serum, the 
gamma, but not the beta, HCH stereoisomer showed much higher concentrations in cord 
serum and fetal tissues. The reasons for such discrepancies are unclear, but they could 
reflect a difference between maternal and immature fetal metabolism or an 
enantiospecific uptake. However, the observation that some lipophilic contaminants 
differ in their relative distribution across the placenta must also be considered in regard to 
short-term toxicokinetic differences. Because the maternal serum was collected in the 
32nd week of pregnancy, analytical results are compared for samples collected up to two 
months apart. The relatively short elimination half-life of lightly chlorinated PCBs could 
therefore lead to unstable tissue concentrations, and variable exposures could then easily 
affect the calculated partition coefficients. However, such variability would not be likely 
to explain the large differences in average concentrations. 

Brominated substances have been previously reported to be less efficiently 
transferred into cord blood, while much higher concentrations are present in human milk 
than in serum (33). Thus, BDE47 concentrations were reported to be similar in maternal 
and cord blood plasma, but poor correlations were obtained for the more highly 
brominated congeners, BDE99, BDE100, and BDE153, which tended to show lower 
concentrations in cord blood plasma, thereby suggesting a less efficient passage through 
the placenta ((34). These substances have been reported to accumulate in the fetal liver, 
while very little is retained in the placenta (35). In the present study, a low ratio for 
BDE153 in cord serum was corroborated and our findings also support the notion of 
increased milk concentrations of BDE congeners 47 and 100, while congeners 99 and 153 
were closer to the overall average ratio, and PBB153 was lower.  These results suggest 
that relative bromination may affect the partition to a greater extent than chlorination, 
perhaps as a result of differences in molecular size. 

The PFC concentrations were higher in maternal serum than in cord serum, and the
ratio suggested that the length of PFC chain as well as the active group affected the 
ability to pass the placenta. PFCs with a short chain length showed higher relative cord 
serum concentrations than PFCs with a longer chain length. PFCs with sulfonic acid as 
the active group seemed to pass more easily into the fetal circulation than PFCs with 
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carboxylic acid as the active group. These results appear to fit in well with the findings of 
a previous study that examined maternal and cord serum concentrations of four PFCs 
(36). While a significant association with serum levels was found for PFOS, the milk 
concentrations were very low, as has previously been reported (37, 38).

Among the trace elements, mercury showed excellent correlations between 
concentrations in different matrices; the correlations thus support the use of all the 
specimens included in the present study, including easily collected umbilical cord tissue 
(39). However, much greater variability was seen with cadmium, lead, and selenium (15,
40).

The close correlation between lipid-based concentrations in maternal serum and 
milk for a large number of lipophilic substances supports the notion that either matrix is 
appropriate for assessment of exposure levels. A general proportionality factor can be 
considered as a feasible approximation for comparing the results, as only few of the 
contaminants commonly measured will require a substance-specific conversion factor. 
Positive correlation coefficients also indicate that these chemicals are readily transported 
from mother to fetus. However, measured concentrations in cord tissue and placenta are 
more variable, the former perhaps affected by the low lipid content. These matrices are 
therefore not as useful for monitoring purposes, except perhaps for cadmium, which 
accumulates in the placenta. Although DeKoning et al. (20) recommended that several 
types of specimens be collected to assess perinatal exposure levels, the present study 
suggests that an efficient strategy would emphasize specimens with a high rate of 
detectable concentrations. 

The main finding of this study is that the contaminants tend to be present in all 
matrices examined. In general, lipid-based concentrations of lipophilic chemicals in 
maternal serum are correlated with concentrations in the other media. However, the 
transfer to the fetal circulation results in lower concentrations, while milk levels tend to 
be about 50% higher than the maternal serum. These patterns are complex, and the 
complexity must be taken into account when selecting samples for analysis and when 
interpreting the results. 

Acknowledgments

This study was supported by grants from the US National Institute of Environmental 
Health Sciences (ES012199), the Danish Environmental Protection Agency as part of the 
environmental support program DANCEA (Danish Cooperation for Environment in the 
Arctic), and the Danish Council for Strategic Research. The authors are solely 
responsible for the contents of this paper, which do not necessarily represent the official 
views of the Centers for Disease Control and Prevention, the NIEHS, NIH, or any other 
funding agency. The funding sources had no role in study design, data collection and 
analysis, the decision to publish, or the preparation of the manuscript. The authors thank 
Anna Sofía Veyhe for help with sample collection and preparation; Antonia Calafat and 



 10 

her colleagues for measuring the concentrations of PFCs in the milk samples; and Mette 
L. Eriksen for help with the data management. 

Supporting Information Available

Details of the specimen sampling and chemical analyses, and detailed results for analytes 
that did not contribute to the overall average partition ratios. The complete set of raw data 
are available at www.chef-project.dk. 

Literature Cited

(1) Grandjean, P.; Bellinger, D.; Bergman, A.; Cordier, S.; Davey-Smith, G.; Eskenazi, 
B.; Gee, D.; Gray, K.; Hanson, M.; van den Hazel, P.; Heindel, J. J.; Heinzow, B.; Hertz-
Picciotto, I.; Hu, H.; Huang, T. T.; Jensen, T. K.; Landrigan, P. J.; McMillen, I. C.; 
Murata, K.; Ritz, B.; Schoeters, G.; Skakkebaek, N. E.; Skerfving, S.; Weihe, P.; The 
faroes statement: human health effects of developmental exposure to chemicals in our 
environment. Basic Clin Pharmacol Toxicol 2008, 102 (2), 73-75.
(2) Andersen, H. R.; Nielsen, J. B.; Grandjean, P.; Toxicologic evidence of 
developmental neurotoxicity of environmental chemicals. Toxicology 2000, 144 (1-3), 
121-127.
(3) Grandjean, P.; Brown, S. S.; Reavey, P.; Young, D. S.; Biomarkers of chemical 
exposure: state of the art. Clinical Chemistry 1994, 40 (7B), 1360-1362.
(4) Meijer, L.; Weiss, J.; Van Velzen, M.; Brouwer, A.; Bergman, A.; Sauer, P. J.; Serum 
concentrations of neutral and phenolic organohalogens in pregnant women and some of 
their infants in The Netherlands. Environ Sci Technol 2008, 42 (9), 3428-3433.
(5) Nakamura, T.; Nakai, K.; Matsumura, T.; Suzuki, S.; Saito, Y.; Satoh, H.;
Determination of dioxins and polychlorinated biphenyls in breast milk, maternal blood 
and cord blood from residents of Tohoku, Japan. Sci Total Environ 2008, 394 (1), 39-51.
(6) Rogan, W. J.; Gladen, B. C.; McKinney, J. D.; Carreras, N.; Hardy, P.; Thullen, J.; 
Tinglestad, J.; Tully, M.; Neonatal effects of transplacental exposure to PCBs and DDE. J
Pediatr 1986, 109 (2), 335-341.
(7) Smolders, R.; Schramm, K. W.; Nickmilder, M.; Schoeters, G.; Applicability of non-
invasively collected matrices for human biomonitoring. Environ Health 2009, 8, 8.
(8) Stewart, P.; Darvill, T.; Lonky, E.; Reihman, J.; Pagano, J.; Bush, B.; Assessment of 
prenatal exposure to PCBs from maternal consumption of Great Lakes fish: an analysis of 
PCB pattern and concentration. Environ Res 1999, 80 (2 Pt 2), S87-S96.
(9) Harada, M.; Minamata disease: methylmercury poisoning in Japan caused by 
environmental pollution. Crit Rev Toxicol 1995, 25 (1), 1-24.
(10) Aozasa, O.; Ohta, S.; Nakao, T.; Miyata, H.; Ishizawa, H.; Sakashita, S.; Satou, R.; 
Mizuno, R.; PCB contamination assessment of yusho patients by using preserved human 
umbilical cord. Bull Environ Contam Toxicol 2008, 81 (6), 578-582.
(11) Burse, V. W.; Najam, A. R.; Williams, C. C.; Korver, M. P.; Smith, B. F., Jr.; Sam, 
P. M.; Young, S. L.; Needham, L. L.; Utilization of umbilical cords to assess in utero 
exposure to persistent pesticides and polychlorinated biphenyls. J Expo Anal Environ 
Epidemiol 2000, 10 (6 Pt 2), 776-788.



 11 

(12) Kawashiro, Y.; Fukata, H.; Omori-Inoue, M.; Kubonoya, K.; Jotaki, T.; Takigami, 
H.; Sakai, S.; Mori, C.; Perinatal exposure to brominated flame retardants and 
polychlorinated biphenyls in Japan. Endocr J 2008, 55 (6), 1071-1084.
(13) Miller, R. K.; Mattison, D. R.; Plowchalk, D., Biological monitoring of the human 
placenta. In Biological monitoring of toxic metals, Clarkson, T. W.; Nordberg, G. F.; 
Sager, P. R., Eds. Plenum Press: New York, 1988; pp 567-602.
(14) Goyer, R. A.; Transplacental transfer of cadmium and fetal effects. Fundam Appl 
Toxicol 1991, 16 (1), 22-23.
(15) Lagerkvist, B. I.; Sandberg, S.; Frech, W.; Jin, T.; Nordberg, G. F.; Is placenta a 
good indicator of cadmium and lead exposure? Arch Environ Health 1996, 51 (5), 389-
394.
(16) Osman, K.; Akesson, A.; Berglund, M.; Bremme, K.; Schutz, A.; Ask, K.; Vahter, 
M.; Toxic and essential elements in placentas of Swedish women. Clin Biochem 2000, 33
(2), 131-138.
(17) Chemical contaminants in human milk. CRC Press: Boca Raton, 1991.
(18) Arendt, M.; Communicating human biomonitoring results to ensure policy 
coherence with public health recommendations: analysing breastmilk whilst protecting, 
promoting and supporting breastfeeding. Environ Health 2008, 7 Suppl 1, S6.
(19) Aylward, L. L.; Hays, S. M.; LaKind, J. S.; Ryan, J. J.; Rapid communication: 
partitioning of persistent lipophilic compounds, including dioxins, between human milk 
lipid and blood lipid: an initial assessment. J Toxicol Environ Health A 2003, 66 (1), 1-5.
(20) DeKoning, E. P.; Karmaus, W.; PCB exposure in utero and via breast milk. A
review. J Expo Anal Environ Epidemiol 2000, 10 (3), 285-293.
(21) Jacobson, J. L.; Fein, G. G.; Jacobson, S. W.; Schwartz, P. M.; Dowler, J. K.; The 
transfer of polychlorinated biphenyls (PCBs) and polybrominated biphenyls (PBBs) 
across the human placenta and into maternal milk. Am J Public Health 1984, 74, 378-
379.
(22) Koopman-Esseboom, C.; Weisglas-Kuperus, N.; de Ridder, M. A.; Van der Paauw, 
C. G.; Tuinstra, L. G.; Sauer, P. J.; Effects of polychlorinated biphenyl/dioxin exposure 
and feeding type on infants' mental and psychomotor development. Pediatrics 1996, 97
(5), 700-706.
(23) Muckle, G.; Ayotte, P.; Dewailly, E. E.; Jacobson, S. W.; Jacobson, J. L.; Prenatal 
exposure of the northern Quebec Inuit infants to environmental contaminants. Environ 
Health Perspect 2001, 109 (12), 1291-1299.
(24) Schecter, A.; Kassis, I.; Papke, O.; Partitioning of dioxins, dibenzofurans, and 
coplanar PCBS in blood, milk, adipose tissue, placenta and cord blood from five 
American women. Chemosphere 1998, 37 (9-12), 1817-1823.
(25) Shen, H.; Main, K. M.; Virtanen, H. E.; Damggard, I. N.; Haavisto, A. M.; Kaleva, 
M.; Boisen, K. A.; Schmidt, I. M.; Chellakooty, M.; Skakkebaek, N. E.; Toppari, J.; 
Schramm, K. W.; From mother to child: investigation of prenatal and postnatal exposure 
to persistent bioaccumulating toxicants using breast milk and placenta biomonitoring. 
Chemosphere 2007, 67 (9), S256-S262.
(26) Wittsiepe, J.; Furst, P.; Schrey, P.; Lemm, F.; Kraft, M.; Eberwein, G.; Winneke, G.; 
Wilhelm, M.; PCDD/F and dioxin-like PCB in human blood and milk from German 
mothers. Chemosphere 2007, 67 (9), S286-S294.



 12 

(27) Needham, L. L.; Calafat, A. M.; Barr, D. B.; Uses and issues of biomonitoring. Int J 
Hyg Environ Health 2007, 210 (3-4), 229-238.
(28) Fangstrom, B.; Hovander, L.; Bignert, A.; Athanassiadis, I.; Linderholm, L.; 
Grandjean, P.; Weihe, P.; Bergman, A.; Concentrations of polybrominated diphenyl 
ethers, polychlonnated biphenyls, and polychlorobiphenylols in serum from pregnant 
Faroese women and their children 7 years later. Environ Sci Technol 2005, 39 (24), 9457-
9463.
(29) Weihe, P.; Grandjean, P.; Debes, F.; White, R.; Health implications for Faroe 
islanders of heavy metals and PCBs from pilot whales. Sci Total Environ 1996, 186 (1-2), 
141-148.
(30) Heilmann, C.; Budtz-Joergensen, E.; Nielsen, F.; Heinzow, B.; Weihe, P.; 
Grandjean, P.; Serum Concentrations of Antibodies Against Vaccine Toxoids in Children 
Exposed Perinatally to Immunotoxicants. Environ Health Perspect 2010.
(31) Suzuki, G.; Nakano, M.; Nakano, S.; Distribution of PCDDs/PCDFs and Co-PCBs 
in human maternal blood, cord blood, placenta, milk, and adipose tissue: dioxins showing 
high toxic equivalency factor accumulate in the placenta. Biosci Biotechnol Biochem 
2005, 69 (10), 1836-1847.
(32) Greizerstein, H. B.; Stinson, C.; Mendola, P.; Buck, G. M.; Kostyniak, P. J.; Vena, J. 
E.; Comparison of PCB congeners and pesticide levels between serum and milk from 
lactating women. Environ Res 1999, 80 (3), 280-286.
(33) Eyster, J. T.; Humphrey, H. E.; Kimbrough, R. D.; Partitioning of polybrominated 
biphenyls (PBBs) in serum, adipose tissue, breast milk, placenta, cord blood, biliary fluid, 
and feces. Arch Environ Health 1983, 38 (1), 47-53.
(34) Guvenius, D. M.; Aronsson, A.; Ekman-Ordeberg, G.; Bergman, A.; Noren, K.; 
Human prenatal and postnatal exposure to polybrominated diphenyl ethers, 
polychlorinated biphenyls, polychlorobiphenylols, and pentachlorophenol. Environ 
Health Perspect 2003, 111 (9), 1235-1241.
(35) Doucet, J.; Tague, B.; Arnold, D. L.; Cooke, G. M.; Hayward, S.; Goodyer, C. G.; 
Persistent organic pollutant residues in human fetal liver and placenta from Greater 
Montreal, Quebec: a longitudinal study from 1998 through 2006. Environ Health 
Perspect 2009, 117 (4), 605-610.
(36) Monroy, R.; Morrison, K.; Teo, K.; Atkinson, S.; Kubwabo, C.; Stewart, B.; Foster, 
W. G.; Serum levels of perfluoroalkyl compounds in human maternal and umbilical cord 
blood samples. Environ Res 2008, 108 (1), 56-62.
(37) Karrman, A.; Ericson, I.; van Bavel, B.; Darnerud, P. O.; Aune, M.; Glynn, A.; 
Lignell, S.; Lindstrom, G.; Exposure of perfluorinated chemicals through lactation: levels 
of matched human milk and serum and a temporal trend, 1996-2004, in Sweden. Environ 
Health Perspect 2007, 115 (2), 226-230.
(38) Tao, L.; Kannan, K.; Wong, C. M.; Arcaro, K. F.; Butenhoff, J. L.; Perfluorinated 
compounds in human milk from Massachusetts, U.S.A. Environ Sci Technol 2008, 42 (8), 
3096-3101.
(39) Grandjean, P.; Budtz-Jorgensen, E.; Jorgensen, P. J.; Weihe, P.; Umbilical cord 
mercury concentration as biomarker of prenatal exposure to methylmercury. Environ 
Health Perspect 2005, 113 (7), 905-908.



 13 

(40) Schramel, P.; Hasse, S.; Ovcar-Pavlu, J.; Selenium, cadmium, lead, and mercury 
concentrations in human breast milk, in placenta, maternal blood, and the blood of the 
newborn. Biol Trace Elem Res 1988, 15, 111-124. 
Table 1. Characteristics of births from which sample sets were collected for analysis for

environmental chemicals.*

Maternal variables Group 1 Group 2 Group 3

Age (years) 21, 22, 22, 31, 32 23, 29, 29, 30, 38 25, 31, 32, 37, 39

Parity 0, 0, 0, 1, 2 0, 1, 1, 2, 3 0, 1, 2, 3, 4

Weight (kg) 49, 54, 60, 70, 86 54, 59, 60, 61, 95 56, 65, 65, 72, 85

Weight gain during 

pregnancy (kg)
9, 17, 20, 21, 28 0, 12, 15, 15, 15 10, 11, 12, 12, 12

*Group 1: No recent intake of traditional food. Group 2: High hair-mercury concentration

at parturition. Group 3: High PCB concentration in transition milk.
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Table 2. Overall average ratio of organohalogen concentrations in fetal samples and 

human milk in comparison with the concentration in maternal serum, with and without 

lipid adjustment.

Matrix
Number of 

analytes

Lipid concentration 

relative to maternal 

serum*

Average lipid-

based ratio (s.d.)

Average ratio 

(s.d.) based on 

fresh weight

Cord serum 33 0.34 0.58 (0.11) 0.20 (0.04)

Cord tissue 22 0.29 0.37 (0.07) 0.11 (0.02)

Placenta 21 1.5 0.35 (0.07) 0.53 (0.11)

Milk 38 2.6 1.48 (0.28) 3.85 (0.73)

*Mean maternal lipid concentration, 8.9 g/L
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Table 3. Average (median) concentrations (in ng/mL) of perfluorinated compounds in 12

sets of maternal serum, cord serum and milk samples, with the ratio and correlation 

coefficient for maternal v. cord serum.  

Matrix

Perfluorohexane 

sulfonic acid

(PFHxS)

Perfluorooctanic 

acid

(PFOA)

Perfluorooctane

sulfonic acid

(PFOS)

Perfluoro-

nonanoic 

acid

(PFNA)

Perfluoro-

decanoic 

acid

(PFDA)

Maternal 12.3 4.2 19.7 0.76 0,34

Cord 9.1 3.1 6.6 0.37 0.10

Milk* - (0.1) - - -

Concentration in cord / maternal serum

Ratio 0.74 0.72 0.34 0.50 0.29

Correlation 0.05 0.91 0.82 0.84 0.91

* Four of eleven samples available had a PFOA concentration below the detection limit,

and none of the other analytes were detected.
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Table 4. Average (median) concentrations of trace elements in 15 sets of cord blood, cord 

tissue, and placenta, with the ratio and correlation coefficient for each of the other 

matrices with the cord blood concentration.  

Mercury Selenium Lead Cadmium

Cord ) 12.1 105 6.0 0.33

Cord tissue g/g) 0.085 0.20 n.d.* 0.003

Placenta g/g) 0.087 0.81 0.053 0.035

2.31 16.4 8.5 0.23

Ratio to cord blood (correlation coefficient)

Cord tissue 7.0 (0.97) 1.9 (0.60) n.d.* 8.7 (-0.30)

Placenta 7.2 (0.97) 7.7 (0.35) 8.9 (0.34) 107 (0.12)

Milk 0.19 (0.69) 0.16 (0.48) 1.41 (-0.24) 0.70 (0.14)

* n.d., not detected 
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Figure 1. Lipid-based concentration (ng/g) of the sum of all quantified polychlorinated 

biphenyl congeners in milk and fetal tissues (identified by different symbols), as compared 

to the concentration in maternal serum in fifteen sets of samples. 
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Figure 2. Average partition ratio between lipid-based concentrations of polychlorinated 

biphenyl congeners in milk and maternal serum from 15 sample pairs in regard to the 

number of chlorine substitutions of each congener measured.



 S19 

 
Figure3. Total mercury concentrations in cord tissue and placenta (left vertical scale), and 

maternal hair (right vertical scale) in relation to those in cord blood (horizontal scale) from 

15 sets of samples.
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that did not comply with the overall average partition ratio 
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S1. Sampling and chemical analyses

Sampling. Maternal blood—from a cubital vein of the mother during week 32 of the 

pregnancy (last antenatal examination, non-fasting)—was collected in an evacuated 

Vacutainer tube (10 mL) without anticoagulant (Becton-Dickinson, Rutherford, New 

Jersey, USA). Serum was harvested after centrifugation of the coagulated sample. Cord 
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blood was collected immediately after the cord had been clamped by using 10-mL Abbott 

syringes with Teflon-lined pistons (Abbott Ireland Ltd, Sligo, Ireland). Both whole blood 

and serum were obtained. All maternal and cord serum samples were transferred into 

Minisorb tubes (Nunc, Roskilde, Denmark) for storage.

After cord blood collection for whole blood and serum specimens, a minimum of 10 

cm of cord tissue was taken close to the umbilicus of the infant and placed into a Minisorb 

tube. Subsequently, the placenta was secured, and multiple cube-like pieces were cut from 

both peripheral and central lobes. Visible calcium deposits and white infarct areas were 

avoided. The first approximately 4 mm from the maternal side—i.e., the basal decidua—

was removed from each cube. Any marginal tissue, which is entirely of maternal origin, 

was removed as well, as was the chorionic plate; hence, the specimen collected consisted of

placental/trophoblastic tissue of fetal origin. Maternal blood is easier to remove than is fetal 

blood, and repeated washings were conducted by use of saline. Each specimen was 

transferred to a Minisorb tube.

During days 3–5 after delivery, while the mother was still at the hospital, transitional 

milk was collected directly into acid-rinsed 250 ml polyethylene bottles (Kartell, Einasco, 

Milano, Italy). Collection of a minimum of 50 mL from each mother was attempted. All 

liquid and tissue samples were immediately frozen at -20°.

For mercury measurements, hair samples of at least 100 mg (usually of 5–8 cm 

length) were cut with scissors close to the root from the occipital area; the hair sample was 

tied with a cotton thread and saved in a small, marked envelope. For analyses of 

organochlorine compounds, 2 g of serum and milk were used. To compensate for lower 

lipid contents, about 5 g of placenta and cord tissue were applied for these analyses.

PCBs, chlorinated pesticides, PBDEs, and PBBs. The lipophilic organohalogen 

compounds measured and their abbreviations are listed in Tables S1-S3. The pretreatment 

of samples before analysis at CDC varied with the matrix. The methodology used for 

processing serum samples (1, 2) included automatic fortification with internal standards as 

well as addition of formic acid and water for denaturation and dilution of the samples by 

use of a Gilson 215 liquid handler (Gilson Inc.; Middleton, WI). The samples were 

thereafter extracted by solid phase extraction (SPE) through use of a Rapid Trace (Caliper 

Life Sciences; Hopkinton, MA) modular SPE system. Removal of co-extracted lipids was 

performed on a silica: silica/sulfuric acid column through use of the Rapid Trace equipment 
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for automation. Final analytical measurement of the target analytes was performed by gas 

chromatography isotope dilution high resolution mass spectrometry (GC-IDHRMS) 

employing a MAT95XP (ThermoFinnigan MAT, Bremen, Germany) instrument. 

The method used for processing milk samples (1) included solid phase dispersion on 

Hydromatrix (Varian Inc.; Walnut Creek, CA) and automatic fortification with internal 

standards by use of a Gilson 215 liquid handler (Gilson Inc.; Middleton, WI). The samples 

were extracted by use of the automated SPE system Rapid Trace (Zymark; Hopkinton, 

MA). Removal of co-extracted lipids was performed on a silica:silica/ sulfuric acid column 

using the Rapid Trace equipment for automation. Final analytical measurement of the target 

analytes was performed by gas chromatography isotope dilution high resolution mass 

spectrometry (GC- IDHRMS) employing a MAT95XP (ThermoFinnigan MAT, Bremen, 

Germany) instrument. 

The method used for tissue samples (cord and placenta) is outlined in Jensen et al. 

(3), and that method was used with modification. Tissue samples (5 g) were fortified with 

internal standards and homogenized in (hexane: acetone 7:2; 20 mL). The samples were 

centrifuged and the organic solvent transferred to another vial. The sample was re-

suspended in hexane: methyl tert-butyl ether (MTBE) (9:1; 10 mL) and centrifuged, and the 

organic solvents were combined. The samples were extracted once more with hexane: 

MTBE. The combined organic phases were partitioned against 0.1M H3PO4 in 1% NaCl 

and thereafter evaporated to dryness (for lipid weight determination). Removal of co-

extracted lipids was performed on a silica:silica/sulfuric acid column using the Rapid Trace 

equipment for automation. 

Among the polychlorinated biphenyls, the following congeners were determined: 18, 

28, 44, 49, 52, 66, 74, 87, 99, 101, 105, 110, 118, 128, 138/158, 146, 149, 151, 153, 156, 

157, 167, 170, 172, 177, 178, 180, 183, 187, 189, 194, 195, 196/203, 199, 206, and 209. 

The persistent pesticides included pentachlorobenzene (PCBz); hexachlorobenzene (HCB);

- -HCH); -hexachlorocyclohexane (l -HCH);

octachlorostyrene; oxychlordane; trans-nonachlor; 2,2-bis(4-chlorophenyl)-1,1-

dichloroethene (p,p’-DDE); 2-(4-chlorophenyl)-2-(2-chlorophenyl)- 1,1,1-trichloroethane

(o,p’-DDT); 2,2-bis(4-chlorophenyl)-1,1,1-trichloroethane (p,p’-DDT) mirex; and 

toxaphene congeners: 2-endo,3-exo,5-endo,6-exo,8,8,10,10-octachlorobornane (P26), 2-

endo,3-exo,5-endo,6-exo,8,8,9,10,10-nonachlorobornane (P50), 2,2,5,5,8,9,9,10,10-
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nonachlorobornane (P62). The following brominated flame retardants (BFRs) were 

measured:  2,4,4’-tribromodiphenyl ether (BD-28), 2,2’,4,4’-tetrabromodiphenyl ether 

(BDE-47), 2,2’,3,4,4’-pentabromodiphenyl ether (BDE-85), 2,2’,4,4’,5-

pentabromodiphenyl ether (BDE-99), 2,2’,4,4’,6-pentabromodiphenyl ether (BDE-100), 

2,2’,4,4’,5,5’-hexabromodiphenyl ether (BDE-153), 2,2’,4,4’,5,6’-hexabromodiphenyl 

ether (BDE-154), 2,2’,3,4,4’,5’,6-heptabromodiphenyl ether (BDE-183), and 2,2’,4,4’,5,5’-

hexabromobiphenyl (BB-153). 

Analytical measurements of the 58 target analytes were performed by gas 

chromatography isotope dilution high resolution mass spectrometry (GC- IDHRMS) 

employing a MAT95XP (ThermoFinnigan MAT, Bremen, Germany) instrument (3). All 

organohalogen laboratory results were reviewed and approved by a quality assurance 

officer to assure that they conform to acceptable quality standards. However, the tissue 

samples analyzed were not analyzed with quality assurance/quality control (QA/QC) 

samples because there are no QC samples available for cord and placenta. The tissues were, 

however, measured by isotope-dilution high resolution mass spectrometry, which is the 

most accurate and precise method of quantification for such chemicals. The isotope-dilution 

method includes the spiking of the tissue with isotopically labeled internal standards that 

are chemically identical to the analytes being measured. Since the matrix analytes and 

isotopically labeled analytes are chemically identical, the ratio of the analytes is identical 

throughout the extraction and cleanup steps. This ratio is used to calculate the quantitative 

amount of analytes present in the tissues.

PCDDs, PCDFs, coplanar PCBs in maternal serum and milk. Samples were 

analyzed at CDC and spiked with 13C12-labeled internal standards followed by C18 solid-

phase extraction (SPE) (4) and a multicolumn automated cleanup and enrichment procedure 

using a Fluid Management Systems Power-Prep/6.  An analytical run was comprised of two 

method blanks, eight unknown samples, and two quality control samples.  PCBs were 

eluted from the AX-21 carbon in the forward direction with hexane and dichloromethane 

(1:1), and PCDDs/PCDFs/cPCBs were eluted in the reverse direction with toluene.  One μL 

of dodecane “keeper” was added to each of the eluants and the solvent was evaporated to 

about 350 μL by use of a Caliper TurboVap II.  Residual solvent was transferred to 

silanized autosampler vials and evaporated to one μL.  Before analysis by high-resolution 

gas chromatography (HRGC) and high-resolution mass spectrometry (HRMS), the vials 
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were reconstituted with 5-μL of 13C- labeled external standard in nonane. A Leap 

Technology GC Pal autosampler was used to make 2-μL injections into an Agilent 6890 

gas chromatograph (GC).  The GC was operated in the splitless injection mode with a flow 

of 1 mL/min He through a DB-5ms column (30 m x 0.25 mm x 0.25 μm film).  Selected 

congeners were quantified by isotope-dilution mass spectrometry (IDMS) using selected 

ion monitoring (SIM) at 10,000 resolving power (10% valley) on two Thermo Electron 

MAT 95 XP (5kV) magnetic sector field mass spectrometers (with “sensitivity” upgrade 

part# 1150760 installed) operated in the electron impact (EI) mode at 40 eV. The HRMS 

quantification scheme employed for seventeen 2,3,7,8-substituted PCDDs/PCDFs and three 

coplanar PCBs used six MID descriptor groups.  

Sums of congener groups were calculated under the assumption that non-detectable 

results were zero. Dioxin equivalent concentrations were calculated by use of WHO 

equivalency factors (2005)

Lipid determination. For standardization of analytical results for lipophilic 

substances, their concentrations were expressed in regard to the lipid content. Total lipid 

contents were determined gravimetrically for milk and for placenta and cord tissue. For 

maternal and cord serum, the lipid concentration was calculated from the concentrations of 

total cholesterol and triglycerides, as previously described (5). Although this formula has 

not been tested for cord serum, it relies on actual measurements of total cholesterol and 

triglycerides as major lipid components in serum. 

Perfluorinated compounds. Analyses of serum samples for PFCs (perfluorohexane 

sulfonic acid (PFHxS), perfluorooctanic acid (PFOA), perfluorooctane sulfonic acid 

(PFOS), perfluorononanoic acid (PFNA), and perfluorodecanoic acid (PFDA)) were

performed at the University of Southern Denmark, Denmark, by the method described by 

Kuklenyik et al. (6), with minor modification. The LC-MS/MS system consisted of a TSQ 

Quantum Ultra with heated-electrospray ionisatizion (H-ESI) operated in negative-ion 

mode and connected to an Accela HPLC pump and a CTC autosampler (Thermo Fisher 

Scientific, Palo Alto, CA). The separation was performed on a Betasil C8 50 x 3 mm (5 

μm) column from Thermo Fischer Scientific, Palo Alto, CA) by use of a gradient system 

(mobile phase A: 20 mM ammonium acetate in water, pH = 4; mobile phase B: methanol). 

The mass transitions, collision energies, and tube lens settings were optimized individually 

for all the compounds. The compounds were quantitated by use of the 13C-isotope-labeled 
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analogues as internal standards (except for PFHxS, which was calculated by use of the 

internal standard for PFOA). The extraction of the serum samples was performed by 

manual solid-phase extraction, and an aliquot of 30 μL was injected into the LC-MS/MS 

system. The limit of detection was < 0.05 ng/mL for PFHxS, PFOA, PFNA, and PFDeA,

and it was < 0.1 ng/mL for PFOS.

The analyses of the milk specimens were conducted at CDC, through use of a

modification of the method used for measuring PFCS in serum (7). Briefly, 275 μL of 0.1 

M formic acid and 25 μL of internal standard solution were added to 100 μL of milk. The 

spiked milk was vortex-mixed and sonicated, then injected into a Symbiosis on-line SPE-

HPLC system (Spark Holland, Plainsboro, NJ), allowing for the preconcentration of the 

target PFCs on a Polaris C18 cartridge (7 mm, 10 × 1 mm; Spark Holland). This column 

was automatically positioned in front of a Betasil C8 HPLC column (3 x 50 mm, 5 μm; 

ThermoHypersil-Keystone, Bellefonte, PA) for the chromatographic separation of the PFCs 

(20mM ammonium acetate (pH 4) in water (mobile phase A) and methanol (mobile phase 

B)). Detection and quantification used negative-ion TurboIonspray ionization-tandem mass 

spectrometry on an API 4000 mass spectrometer (Applied Biosystems, Foster City, CA). 

The limits of detection ranged between 0.1 and 0.2 ng/mL, depending on the analyte. In 

addition to the calibration standards, blanks and quality control (QC) materials were 

analyzed along with the samples to ensure the accuracy and reliability of the data across 

time. Results for quality control materials were evaluated by use of standard statistical 

probability rules (8).

Trace elements. All samples were measured at the University of Southern Denmark 

by atomic absorption; tissue samples were freeze-dried before analysis. For lead, cadmium, 

and selenium, we used a Perkin-Elmer model 5100 atomic absorption spectrometer with

Zeeman background correction, HGA-600 graphite furnace, and an AS-60 autosampler 

(Perkin-Elmer, Norwalk, CT, USA). All samples were analyzed in duplicate. Average 

detection limits for lead; for approximately 0.1 g 

and 8.5 ng/g for tissue concentrations of cadmium and lead, respectively. Mercury was

determined by duplicate analyses using flow-injection cold-vapor atomic absorption 

spectrometry after digestion of the sample in a microwave oven (9).
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Table S3. Average partition ratios for polychlorinated biphenyl (PCB) congeners that 
deviated from the overall mean partition ratios (medians in parenthesis if the correlation 
coefficient between paired samples was below 0.7). Congener numbering is according to 
Ballschmiter (10).

Analyte* Cord serum Cord tissue Placenta Milk

PCB28 2.2 (2.3) 1.80 +

PCB44 (34) (35) (63) -

PCB49 2.9 (16) (21) -

PCB52 - (25) (44) 2.7

PCB66 1.00 (1.8) (3.1) 2.1

PCB74 + 0.93 (0.67) +

PCB99 + 0.92 (0.65) +

PCB101 + (9.9) (19) +

PCB105 + (0.64) (0.98) +

PCB118 + 0.97 (0.98) +

PCB128 + (0.67) (0.87) +

PCB138/158 + + 0.64 +

PCB146 + + 0.51 +

PCB149 - (3.3) (10) +

PCB151 + 1.28 (1.42) +

PCB153 + + 0.51 +

PCB156 + + 0.56 +

PCB157 + + 0.51 +

PCB172 1.22 0.86 0.77 2.6

PCB189 - + + +

PCB194 + 0.24 + 0.85
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PCB196/203 + + + 0.87

PCB201 + + + 0.89

PCB206 + 0.20 + 0.56

PCB209 0.33 0.20 + 0.27

+ included in overall ratio; - insufficient number of observations
* PCB congeners 18, 87, 110 were disregarded due to fewer than five pairs of detectable 
levels. PCB congeners 167, 170, 177, 178, 180, 183, 187, and 195 contributed to the 
overall mean for all sample pairs and are therefore left out as well. 
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