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Abstract

The aim of the present study was to understand the placental transfer of polychlorinated biphenyls
(PCBs), specific hydroxylated PCB metabolites (OH-PCBs), and pentachlorophenol (PCP) in blood
serum, in a birth cohort from eastern Slovakia. During the period 2002—-2004, cord blood specimens
were collected in parallel with maternal specimens from women delivering in the two eastern Slovak
districts of Michalovce and Svidnik/Stropkov. A total of 92 pairs of mother-cord specimens at
delivery were selected for this study. 4-OH-CB107, 3-OH-CB153, 4-OH-CB146, 3'-OH-CB138, 4-
OH-CB187, and 4'-OH-CB172 were quantified. The median concentrations of £,7PCBs, £0H-
PCBs, and PCP in cord serum were 0.92, 0.33, and 0.69 ng/g wet wt., respectively and highly
correlated with the corresponding maternal serum levels (correlations were R2=0.61, 0.78, and 0.82,
respectively). The median cord to mother ratios of the X,7,PCBs, £0H-PCBs, and PCP were 0.18,
0.75, and 1.10, respectively. The median ratio of the £sOH-PCBs to the 17 PCBs in the cord serum
was 0.38 from wet weight based concentrations, which was about four times higher than the ratio of
these compounds in maternal serum (0.09). PCP was more abundant than any PCB or OH-PCB
congener measured in cord serum. The higher cord to maternal ratios of OH-PCB metabolites as
compared with the parent compounds suggests either a higher placental transfer rate or greater
metabolism in the fetus as compared with the maternal compartment. These findings are consistent
with their preferential binding to TTR that can cross the placenta. The cord to maternal ratio varies
by congener (e.g., 4-OH-CB107 = 0.58, 4-OH-CB146=0.74, 3'-OH-CB138=1.01).
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1. Introduction

In the 1970s and 1980s, countries around the world including USA, Japan, Germany, and
Slovakia took regulatory actions to restrict or ban the production and use of PCBs
(polychlorinated biphenyls), and over the subsequent decades, a decline in PCB levels in the
biota including human milk has been observed (Bignert et al., 1998; Norén and Meironyte,
2000). However, PCBs are still one of the world’s most widespread contaminants. PCBs were
involved in several food poisoning incidents; i.e. Yusho (Masuda and Yoshimura, 1984),
Yucheng (Hsu et al., 1985), and the Belgian chicken feed contamination (Bernard et al.,
1999), as well as the contamination of neighborhoods surrounding production sites in Anniston,
Alabama (now closed) (Hansen et al., 2003), and Michalovce, Slovak Republic (Hovander et
al., 2006; Kocan et al., 2004; Pavuk et al., 2004).

PCBs are capable of crossing the placenta to reach the fetus (Ayotte et al., 2003; Covaci et al.,
2002; Fukata et al., 2005). Animal experiments have demonstrated PCBs to be toxic to
numerous systems, including alterations in the thyroid hormone system (Porterfield and
Hendry, 1998), and adverse effects on cognitive and neurosensory development (Schantz et
al., 1991; Goldey et al., 1995).

Studies in human also suggest adverse effects associated with in utero exposure to PCBs: lower
birth weight (Hertz-Picciotto et al., 2005; Rylander et al., 1996), possible retardation of
postnatal growth (Patandin et al., 1998), impaired immune response (Weisglas-Kuperus et al.,
1995), and neurodevelopmental deficits (Stewart et al., 2004). Some studies specifically
observed impairments in mental performance tests associated with cord blood PCBs (Rogan
etal., 1986; Stewart et al., 2003). The apparent negative effects of PCBs on human health might
have been the result of PCBs themselves, their metabolites such as OH-PCBs, or their
contaminants, such as PCDFs. The metabolism of PCB congeners results in the formation of
a large number of OH-PCB congeners (Bergman et al., 2006; Letcher et al., 2000). OH-PCBs
have been shown to be transferred to the fetal compartment both in humans (Guvenius et al.,
2003; Soechitram et al., 2004) and in animals (Brouwer et al., 1998; Sinjari and Darnerud,
1998; Meerts et al., 2002). Those OH-PCB metabolites with a para- or a meta-substituted
hydroxyl group adjacent to chlorine atoms have a particularly high affinity for transthyretin
(TTR) (Brouwer et al., 1998). Although TTR is not the primary transport protein for thyroid
hormone in human blood, it still crosses the placenta and blood-brain barrier, resulting in the
delivery of T4 and possibly OH-PCBs. In experimental animals, OH-PCB metabolites reduce
thyroxine (T4) levels in the brain and blood of the fetus (Brouwer et al., 1998; Sinjari and
Darnerud, 1998; Meerts et al., 2002) and therefore have the potential to affect behavioral
development.

Unlike the parent PCB compounds, OH-PCBs are transferred in very low amounts via milk
(Féngstrom et al., 2005). The studies of neurodevelopment in relation to postnatal exposure
via breast milk have been inconsistent and often not significant (Jacobson and Jacobson,
2004). For this reason, although PCB exposure is higher through breastfeeding than in utero
(Fukata et al., 2005; Guvenius et al., 2003), the prenatal exposure is believed to pose a greater
threat to the infant than postnatal exposure. The analysis of umbilical cord blood is, therefore,
central to the assessment of developmental effects, since it provides a direct measure of in
utero exposure to PCBs and their metabolites.

Pentachlorophenol (PCP) is also of interest because it is present at high concentrations, higher
than other halogenated phenolic compounds (HPCs) dominant in cord blood (Guvenius et al.,
2003; Sandau et al., 2002), and is documented as an endocrine disruptor (Beard and Rawlings,
1999; Ishihara et al., 2003).
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The present study of prenatal exposure to PCBs, PCP, and OH-PCBs was conducted in eastern
Slovakia, in an area with PCB exposures among the highest in the world (Hovander et al.,
2006; Kocan et al., 1994; Pavuk et al., 2004). We characterized and quantified the levels of 17
PCBs, 9 OH-PCB metabolites and PCP in cord blood sera specimens collected from mother-
child pairs at delivery in two eastern Slovakian districts, Michalovce and Svidnik/Stropkov,
to assess and compare the placental transfer and prenatal exposures to those compounds. Our
ultimate goal is to improve the understanding of the relationship between prenatal exposure to
halogenated endocrine disruptors and early childhood immune- and neuro-development.

2. Materials and methods

2.1. Cohorts

During the period 2002-2004, over 1100 mothers were enrolled into a birth cohort study in
the Michalovce district, where the Chemko, Inc. chemical plant produced PCBs from 1959 to
1984, and in Svidnik/Stropkov district as a lower exposure area with similar population
characteristics, about 70 km to the north. Hospital staff trained in the study protocols
administered informed consent to all participants and collected the maternal and cord blood at
delivery. The study participants gave written informed consent. A total of 762 and 341 women
participated from Michalovce and Svidnik/Stropkov districts, respectively. We collected a total
of 1087 pairs of both maternal and cord sera. The general characteristics of our study cohort
were described in previously (Park et al., 2007). This study complied with all applicable U.S.
and international requirements with regard to research on human subjects and was approved
by the respective Institutional Review Boards at the University of California, Davis and the
Slovak Medical University.

2.2. Samples

A Medican cannula was used, instead of standard needles, to collect umbilical cord blood
samples just after the delivery. An adapter was used to connect the cannula to nine mL plastic
vacutainer tube (S-Monovette, Sarstedt, Germany). An adequate volume of blood was aspirated
into the S-Monovette tubes without adding anticoagulant. The blood samples were allowed to
clot no more than two h at 5-10 °C. After clotting, blood was centrifuged at 3000 rpm for 15
min. Isolated serum was stored frozen at —18 °C in pre-cleaned glass tubes with
polytetrafluoroethylene (PTFE) liner screw caps. All the samples were transported to the
laboratory of the Slovak Medical University, Bratislava in thermo boxes to prevent thawing.
The samples were then stored at —18 °C till the analysis. Ninety-two aliquots (0.5-5 mL) were
transported to the University of California, Davis (CA, USA) and stored at —80 °C until analysis
of halogenated phenolic compounds (PCP and OH-PCB metabolites).

2.3. Chemicals and standards

Diazomethane was synthesized in hexane by using N-nitroso-N-methylurea (Sigma-Aldrich,
USA) as described elsewhere (Sandau, 2000). The following hydroxylated PCBs (OH-PCBs)
were purchased from Wellington Laboratory (TerraChem Inc., USA) and used as authentic
reference standards for the identification and quantification of the analytes: 2,3,3',4',5-
pentachlorobiphenyl-4-ol (4-OH-CB107), 2,2',3,4',5,5"-hexachlorobiphenyl-4-ol (4-OH-
CB146), 2,2',3',4,4' 5-hexachlorobiphenyl-3-ol (3'-OH-CB138), 2,2',3,3',4',5-
hexachlorobiphenyl-4-ol (4'-OH-CB130), 2,2',3,4',5,5',6-heptachlorobiphenyl-4-ol (4-OH-
CB187), 2,2',3',4,4'5,5'-heptachlorobiphenyl-3-ol (3'-OH-CB180), 2,2,3,3,4',5,5'"-
heptachlorobiphenyl-4-ol (4'-OH-CB172). 2,2',4,4',5,5"-hexachlorobiphenyl-3-ol (3-OH-
CB153) and 2,3,3',4',5,5',6-heptachlorobiphenyl-4-ol (4-OH-CB193) were synthesized
(Bergman et al., 1995). The numbering of OH-PCBs is based on that specified by Bergman et
al (2006).
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Pentachlorophenol (PCP) was purchased from Ultra Scientific (USA). 2',3,3',4',5,5'-
hexaclorobiphenyl-4-ol (4'-OH-CB159) was purchased from AccuStandard (USA) and used
as an internal standard.

2.4. Analysis and clean up

We analyzed cord blood serum specimens for 17 PCB congeners (CB-28, 52, 101, 123/149,
118, 114,153,105, 138, 167,156/171, 157, 180, 170 and 189) at the Slovak Medical University
as described previously (Kocan et al., 1994; Pavuk et al., 2004). The lipid content was
enzymatically determined at the Slovak Medical University, using method described elsewhere
(Akins et al., 1989). Ninety-two selected cord serum specimens were analyzed in 10 batches
for nine OH-PCB congeners and pentachlorophenol (PCP) at the University of California,
Davis. The extraction procedure used in this study was identical to that described in an earlier
publication (Park et al. 2007).

2.5. Instruments

OH-PCBs and PCP were determined as methyl derivatives by gas chromatography (Agilent
6890N) with a mass spectrometer (Agilent 5973N). MS was operated in electron capture
negative ionization mode as described previously (Park et al., 2007). For most OH-PCB
congeners and PCP, the molecular ions were monitored as the base peak. However, the most
abundant fragment ions [(M+2-HCI)™] were monitored for meta-substituted congeners (e.g.,
3'-Me0O-CB138 and 3-MeO-CB153) since their molecular ions were weak in intensity.

2.6. Quantification and QA/QC

All glassware was washed, dried by acetone and hexane, and baked at 550 °C for 8 h. One
procedure blank (one% potassium chloride solution, five mL) and one spiked control serum
sample were analyzed with each batch as QA/QC samples. The control samples were prepared
as described in the previous study (Park et al., 2007). Five levels of calibration standards for
the quantification were prepared in methanol, stored in brown ampoule and placed in a
refrigerator. The external calibration range was from 0.1 to 50 pg/uL. We derivatized them
simultaneously with the serum sample extracts for more accurate quantification. 4-OH-CB159
(2.00 ng), which, to our knowledge, has not been detected in human blood to date, was added
to all samples before extraction as a recovery internal standard. CB-209 (3.15 ng) was spiked
to the samples before GC analysis. Serum concentrations of OH-PCBs were corrected based
on the recoveries of the internal standards.

2.7. Statistical Analysis

We selected a total of 92 pairs of maternal-cord blood sera specimens for OH-PCB assays; to
enhance statistical power, we sampled more heavily from those pairs in which the maternal
PCB levels were above the 75! percentile. Thus, our sample was comparised of 50% below
the 75% percentile, 15% from 75 to 85t percentile, 22% from 85t to 95™ percentile and
13% above 95 percentile. We report mean, standard deviation, and the cutpoints for the
highest and lowest deciles for the distributions of PCB and OH-PCB concentrations in maternal
and cord sera from our cohort of 1103 using weights proportional to the inverse of the sampling
fractions. We report the measured concentrations of PCP treated the samples as randomly
selected, since PCP was not associated with PCBs. We conducted parametric tests using log-
transformed PCB and OH-PCB values to determine the differences and relationships. We
calculated R-squared values from a weighted Pearson correlation analysis to determine the
relationships between individual PCBs and their presumed metabolites in maternal and cord
sera. We conducted Student t-tests of differences in the concentrations between maternal and
cord sera, and between PCBs and their metabolites. We used the non-parametric Mann-
Whitney test for PCP data to examine the difference between maternal and cord serum
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concentrations. We report the concentration of phenolic compounds, OH-PCBs and PCP on a
wet weight basis since they are not accumulated in lipids, but rather have high affinity to blood
proteins (Bergman et al. 1994; Letcher et al. 2000).

Nine OH-PCB congeners and PCP were identified. The average recoveries of the OH-PCB
congeners ranged from 78+10% to 97+£12% where the recoveries between two matrices were
within the analytical error. The average recovery of PCP was 97£19%. Recoveries of the
internal standard (4-OH-CB159) were on average 83+7%. In cord blood serum, major PCB
precursors (CB-153, 138, 180, 170), PCP, and major OH-PCB metabolites (4-OH-CB107, 3-
OH-CB153, 4-OH-CB146, 3'-OH-CB138, 4-OH-CB187, and 4'-OH-CB172) were detected in
>98% of all cord sera specimens.

The cord and maternal blood concentrations of potential PCB precursors for the OH-PCB
metabolites, the sum of 17 PCB congeners (X17PCBs), six major OH-PCB metabolites, their
sum (ZgOH-PCBs), PCP, and lipid weights are presented in Table 1. The mothers’ age ranged
from 18 to 44 years. We observed little association between mother’s age and the
concentrations of mother and cord PCBs, PCP and OH-PCBs, and the mother to cord ratios of
these compounds. Concentrations of both PCBs and OH-PCB metabolites in cord serums were
about two times higher in Michalovce subjects than in those from Svidnik/Stropkov (data not
shown). However, the ratios of PCBs and OH-PCBs in cord to maternal blood between the
two areas were not significantly different (Student t-test, p=0.98 (PCBs) and p=0.38 (OH-
PCBs)). Based on this result, the data from the two districts were combined. The concentrations
of X17PCBs, Zg0OH-PCBs, and PCP in cord serum were highly correlated with maternal serum
levels (Pearson R? = 0.62 and 0.81 for £17PCBs and Z5OH-PCBs, respectively, and Spearman
R2 = 0.82 for PCP) (not shown here).

The median concentrations of £17PCBs, £g0H-PCBs, and PCP in cord serum were 0.92, 0.33,
and 0.69 ng/g wet wit., respectively. Concentrations of OH-PCBs in cord serum were slightly
lower than those in maternal serum, using the Student t-test on log-transformed weighted data
(p<0.05). The distribution of PCP showed similar median concentrations of 0.65 and 0.69 ng/
g wet wt. in maternal and cord serum, respectively (Mann-Whitney test; p=0.33). The medians
of XPCBs were 0.92 and 4.50 ng/g wet wt. in cord and maternal serums, respectively (p<0.001).

The median of selected PCBs, OH-PCB metabolites, and PCP in the maternal/cord serums are
shown in Figure 1. The median mother to cord ratios of XPCBs, XOH-PCBs, and PCP were
0.18,0.75, and 1.10, respectively. The ZOH-PCB metabolites significantly correlated with the
¥PCBs in cord serum (R2=0.78, p<0.001) and in maternal serum (R2=0.61, p<0.001) (Figure
2). Using log transformed data, the presumed individual PCB precursors and their metabolites
for both maternal and cord serum were related as shown in Figure 3, with correlations ranging
from R2=0.11 to 0.51.

4. Discussion

Although there are many reports on the PCB analysis of human cord, the analysis of
halogenated phenolic compounds for this matrix is less common. To our knowledge, there are
only three recent publications on cord blood analysis of halogenated phenolic compounds
(HPCs) (Guvenius et al., 2003; Sandau et al., 2000; Soechitram et al., 2004). Only Guvenius
etal. and Soechitram et al. reported the HPCs’ data from maternal-cord blood pairs. Itis readily
seen that the ratio of cord to maternal serum concentration is much higher for OH-PCB
metabolites and PCP than it is for PCBs (Table 1 and Figure 1). In cord serum, PCP was the
most abundant HPC and even higher than any PCB congeners, whereas, in maternal serum, it

Chemosphere. Author manuscript; available in PMC 2009 June 29.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Park et al.

Page 6

was lower than the concentrations of CB-153, 138, 170, and 180. The cord median ratio of the
YOH-PCBs to the ZPCBs in wet wt. was 0.38 which was slightly higher than that reported
from other areas; ~0.2 in coastal populations in Quebec (Sandau et al., 2002), ~0.31 in Dutch
mothers (Soechitram et al., 2004), and ~0.33 in Swedish mothers (Guvenius et al., 2003). The
pattern of individual PCBs and OH-PCB metabolites observed in this study showed a slight
discrepancy from other studies (Guvenius et al., 2003; Sandau et al., 2002; Soechitram et al.,
2004), possibly due to the differences in the exposure of mothers to various PCBs, and variation
in the formation and retention of OH-PCB metabolites in mothers.

PCB congeners are transferred on a 1:1 basis between the lipid compartment in maternal blood
and that in cord blood. Since the lipid level is much lower in cord than in maternal blood, the
volume of PCBs being transferred is, relatively speaking, low, and hence, the concentration
on a fresh weight basis is lower in cord than in maternal serum (or plasma). OH-PCBs, in
contrast, are not bound to lipids (or dissolved in the lipids) but instead bind to serum or plasma
proteins. The concentrations of OH-PCBs in cord were almost the same as in the maternal
serum, which would be highly coincidental if maternal OH-PCBs were not being transferred
easily across the placenta. While it is interesting to speculate about a higher rate of PCB
hydroxylation in the fetal compartment, we are not aware of evidence supporting such activity.
Since OH-PCBs are reversibly bound to transthyretin, the transplacental transfer is dependent
on this molecule. Empirically, we see that the regression line of OH-PCBs vs. PCBs measured
from cord serum was tighter and steeper than the one from maternal serums (Figure 2). This
tighter regression may indicate that PCBs and OH-PCB metabolites observed in the placenta
were transferred mainly from the mothers. Nevertheless, a possible contribution of metabolism
in the placental/fetal compartment cannot be excluded. Perhaps the strongest argument in favor
of more efficient transfer of the metabolites as compared with the parent compounds is the
higher binding affinity to TTR. The role of thyroid binding globulin, however, remains
unknown, and this is the primary binding protein in humans.

PCBs and OH-PCBs showed significant correlations between mother and cord serum,
supporting that these compounds cross the placenta. The median cord to maternal ratio for the
YOH-PCBs (0.75) was about 4 times higher than that from PCBs (0.18) from wet wt. based
concentrations. The median ratio of cord vs. mother for OH-PCBs in this study was similar to
Swedish subjects of 0.71 (Guvenius et al., 2003) and slightly higher than Dutch subjects of
0.53 (Soechitram et al., 2004). The ratios for PCBs from other studies was 0.23 at Dutch
mothers (Soechitram et al., 2004), 0.18 at Swedish mothers (Guvenius et al., 2003), 0.30 at
Japanese mothers (Fukata et al., 2005). This again confirms the previous observations that OH-
PCBs preferentially cross the placenta over PCBs, which makes them more important in the
health risk assessment of fetus. Among halogenated phenolic compounds, PCP, 3'-OH-CB138,
and 4'-OH-CB172 showed the highest ratios, proving they have the best selectivity to cross
the placenta. PCB congeners showed consistently low ratios. This result might be related to
the observation for the population living in Nunavik and Lower North Shore of Quebec that
free T4 concentrations in cord blood plasma were negatively correlated with the XHPCs (PCP
plus OH-PCBs) while they were not correlated with any PCB congeners or the XPCBs (Sandau
et al., 2002).

Pairs of OH-PCB metabolites and potential or known PCB precursors have been described
elsewhere (Letcher et al., 2000). In summary, the 1,2 shift mechanism involves the
biotransformations of CB-105 and CB-118 to 4-OH-CB107, CB-138 and CB-153 to 4-OH-
CB146, and 170/180 to 4'-OH-CB172, while an oxygen (hydroxyl group) can be directly
inserted to transform CB-153 and 138 to 3-OH-CB153 and 3'-OH-CB138, respectively. The
simple regression analysis does not provide information on which PCB congeners contribute
to the formation of specific metabolites since correlations among PCB congeners are
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moderately high, leading to correlations with unrelated metabolites: e.g., 4-OH-CB146 vs.
CB-118 (R2=0.49); 4-OH-CB172 vs. CB-153 and CB-138 (R2=0.30 and 0.39, respectively).

As for OH-PCB metabolites, 4-OH-CB187 was the predominant congener in almost all cord
specimens and comprised 31+5% of TOH-PCB:s. It was followed by 4-OH-CB146 which was
detected at a higher concentration than 4-OH-CB187 in only four out of 92 cord serums. These
results were in accordance with other studies (Guvenius et al., 2003; Sandau et al., 2002;
Soechitram et al., 2004). These two combined with four other metabolites (3-OH-CB153, 3'-
OH-CB138, 4'-OH-CB172, and 4-OH-CB107) together constituted 89+5% of the OH-PCB
congeners we measured. 3'-OH-CB180 and 4-OH-CB193 were only detected at trace levels.
It may be concluded that analysis of the six OH-PCBs listed in Table 1 covers all major OH-
PCB metabolites well enough to be suggested for future analysis.

With slight variation, the rank order of abundance of individual PCBs and OH-PCB metabolites
observed in the cord blood was as follows: CB-153 > CB-180 > CB-138 > 4-OH-CB187 >
CB-170 > 4-OH-CB146 > 3'-OH-CB138 > 3-OH-CB153 > 4'-OH-CB172 > 4-OH-CB107 =
CB-118 > CB-105. This pattern was similar to maternal blood although the ratio between
congeners was not identical, possibly due to the different selectivity for transfer across the
placenta or to metabolism by the fetus. Certain chemical structure is required to bind to TTR,
which involves a hydroxyl group in either the para- or meta-position of a bipheny! ring,
adjacent to chlorine atoms on both sides (Lans et al., 1993; Letcher et al., 2000).

PCP was the most dominant halogenated compound in cord serum but not in maternal serum,
in accordance with other reports (Guvenius et al., 2003; Sandau et al., 2002). Cord PCP showed
even higher median concentration than that of the XOH-PCBs by a factor of 1.8. The median
concentration of PCP was higher than CB-153, the most abundant PCB congener by a factor
of two and higher than 4-OH-CB187, the most abundant OH-PCB congener in the serum, by
a factor of 5.3. In other words, in this population, the fetus is exposed to a greater amount of
PCP than any PCB or OH-PCB congeners. PCP was among the halogenated phenolic
compounds showing the highest placental transfer rate, supporting high affinity (> 95%) to
blood protein in both animal (Braun et al., 1977) and human (Uhl et al., 1986). It has been
reported that PCP interferes with thyroid hormone in the blood (Beard and Rawlings, 1999;
Ishihara et al., 2003; van den Berg, 1990). PCP itself was negatively associated with T3, free
T4, and TBG concentrations in cord bloods from the coastal population of Quebec (Sandau et
al., 2002). Other possible adverse health effects of PCP observed from in vitro and animal
studies include abnormalities in reproduction (Beard and Rawlings, 1999) and immunotoxicity
(Daniel et al., 1995). PCP was not associated with PCBs and OH-PCBs, indicating a different
source of PCP than of PCB compounds. PCP is extensively used as a fungicide for wood
preservation (Wild et al., 1992) and it is rather volatile leading to risks for uptake via inhalation
in the Slovak subjects. A minor PCP contribution may come from hexachlorobenzene (HCB)
metabolism, since the HCB levels are significant in the population (Renner, 1988).

5. Conclusions

This study demonstrates that mothers in eastern Slovakia area carry substantial body burdens
of halogenated phenolic compounds such as PCP and OH-PCB metabolites. In cord serum,
PCP is present in the highest concentration among all compounds analyzed in this study. The
amount of PCBs, OH-PCBs, and PCP transferred via placenta may pose a risk for disruption
of the thyroid hormone system and adverse effects on neurodevelopment. Generally,
halogenated phenolic compounds (OH-PCB metabolites and PCP) showed the higher ratios of
cord to maternal serum than the neutral PCBs, suggesting that the HPCs are more easily
transferred to the fetal compartment and must be included in the risk assessment of fetal
exposure.
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Figure 1.
Comparative presentation of the PCB, OH-PCB, and PCP concentrations in maternal (dotted
bars) and cord (black bars) serums.
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Correlation of £17 PCBs and Xg OH-PCBs in maternal and cord serums, presented as white
and grey rings, respectively.
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