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Abstract
The concentrations of persistent organochlorine contaminants including polychlorinated biphenyls (PCBs),
DDT (its isomers and metabolites), hexachlorobenzene (HCB) and isomers of hexachlorocyclohexane (HCH)
have been determined in human milk samples from the three regions in the Czech Republic. Results were
generated by the congener-specific analyses (two-dimensional high resolution gas chromatography). The
results are compared with the similar studies from other industrial countries (Norway, Great Britain, the
Netherlands and Germany). Typical patterns of major PCBs contained in analyzed breast milk samples are
presented. PCB No.153 was the dominant congener in all the samples. A good correlation was found
between the sum of PCBs and PCB No.: 153 (r=0.99), constitutes approx. 30% of calculated PCBs content.
Copyright © 1996 Elsevier Science Ltd
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Introduction

PCBs represent a widely investigated group of environmental pollutants. Hundreds of studies documented
their accumulation in food chain caused by their lipophilicity and relative high resistance to degradation [1-3].
Particularly high concentrations of these compounds are found in fat-rich tissues of various biota, and in case
of mammals they are excreted into milk during lactation. While the PCBs pattern in species at low trophic
level is similar to that of exposure source (represented mostly by contaminated diet)[4], in warm-blooded
organisms more extensive biodegradation occurs resulting in a reduction and/or elimination of some
chlorobiphenyls (and also many organochlorine pesticides: OCPs). Because of the position of human beings
on the top of the food chain, these changes are very pronounced both in samples of adipose tissue and breast
milk and they yield a characteristic chromatographic profile consisting of the most persistent PCB congeners
and some OCPs.
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In former studies, the “total PCBs” were in most cases determined by GC utilising low resolution packed
columns for a group separation of present analytes and the ECD (electron capture detector) for detection.
The chromatographic patterns of analytes were then compared with the GC profile of the most relevant
commercial PCBs mixture, on the basis of which the quantitation was carried out. This approach obviously
could result in a significant bias of generated results. Congener-specific analysis which has been implemented
over the last decade in connection with advances of high resolution GC columns provided basis for
generation of more realistic data. Under these conditions, an improvement of data comparability was
achieved and in addition to that, information necessary for the risk assessment based on quantitation of (even
minor) PCBs possessing toxic potential is thus possible [5].

209 theoretically existing PCBs may be divided into several subgroups according to various criteria. For the
purpose of regulation and to have a means for comparison of data from various laboratories, seven
congeners, [UPAC Nos.: 28, 52, 101, 118, 138, 153 and 180 (major components of technical mixtures with
medium to. high persistency) were selected as "indicators" of contamination extent.

The aim of our study was to determine the levels of major persistent organochlorine contaminants occurring
in human milk collected from mothers living in various regions of the Czech Republic. Results generated by

congener-specific analysis are compared with relevant data reported in other European countries.

Experimental

Samples collection

Breast milk samples were collected from three regions of Czech Republic. The milk was expressed manually
into the bottles and stored at 6°C untii analysis. The age of mothers involved in this survey ranged from 18 to
30, all of them were healthy, giving birth to their first normal and healthy child. Questionnaire protocol
prepared according to WHO methodology [6] was completed by mothers from Prague region. The questions
were focused on the background data on mother such as age, weight, height, smoking and dietary habits, and

as regards child, its sex, weight and length.

Analytical standards
PCB standards were obtained from Dr. Ehrenstorfer GmbH (Germany) in concentrations of 10 pug/ml in

isooctane. Working standard mixture of the PCBs contained following congeners: (i) indicator PCBs: 28, 52,
101, 118, 138, 153, 180, (ii) other congeners commonly occurring in biotic samples: 31, 44, 66, 70, 74, 110,
128, 149, 163, 170 and (iii) some other mono- and di-ortho PCBs: 105, 114, 156, 167, 158.

Standard solutions of persistent chlorinated pesticides and their metabolites included: HCB, o-HCH, B-
HCH, y-HCH, o,p’-DDE, p,p’-DDE, o,p’-DDD, p,p’-DDD, 0,p’-DDT, p,p’-DDT. They were also supplied
by Dr. Ehrenstorfer GmbH (Germany), as solids (purity 98.7% and more). Working mixture of chlorinated

aromatics in isooctane was prepared from these individual standards.
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Methods

Fat collected from centrifuged cooled breast milk sample was mixed with anhydrous sodium sulphate and
then the flowing powder was extracted with n-hexane. Gel permeation chromatography on Bio-Beads SX-3
(500 x 0.8cm ID stainless steel column, mobile phase chloroform, flow rate 0.6 ml.min™) was used for
removing of the lipids [7].

Determination of PCB congeners and organochlorine pesticides was conducted using a two-dimensional high
resolution GC-ECD [8]. The sample was analysed simultaneously on two parallel capillaries with different
selectivities. The first one was NB-54, 5%phenyl-1%vinylmethylpolysiloxane phase. The second column was
more polar column NB-1701, 7%phenyl-7%cyanopropylmethyl-polysiloxan (see Table 1). GC analyses were
performed on a Hewlett Packard 5890 ser. II gas chromatograph equipped with split/splitless injector,
electronically programmed pressure and two *Ni electron capture detectors (ECDs). GC chromatograph was
operated under conditions summarised in Table 1. Hewlett Packard Chemstation software (HP 3365) was

used for processing of data.

Table 1
GC conditions applied for PCB and OCP determination in human milk samples

columns consisting GC systems: NB-54, NB-1701
(supplied by Nordion, Finland)
length x I.D. x film thickness 50m x 0.20mm x 0.1um (both)
injector temperature (°C) 250
detectors temperature (°C) 300
splitless period (min) 2.5
oven temperature program 60°C-2.5min, 30°C/min to 200°C,
1°C/min to 270°C
carrier gas nitrogen
linear velocity (cm/s) 15.7
pressure program: constant flow: 0.5 (ml/min)

i.e. 130 kPa at 60°C

Results and Discussion

Serious pollution of food chains by PCBs occurred in the past in the Czech Republic. The main source of
these contaminants in local human diet were milk, meat and eggs produced by farms where paints with high
content of PCBs for coating of silos, sheds and other agricultural facilities were used (the composition of a
commercial technical mixture Delor 106 that was contained in these paints corresponds to Aroclor 1254) [9].

Czech monitoring program established in the middle of 80ties revealed remarkably high levels of PCBs in
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human milk. However, the content of contaminants used to be expressed at that time as "total PCBs" [10]. It
should be noted that the comparability of generated data was rather poor, reflecting different "quantitation
strategies” applied by individual laboratories. Implementation of congener-specific method at the beginning of
90ties made possible to get more information about the PCBs patterns in samples inspected within this

project.

Table 2
Comparison of levels of indicator PCBs in human milk from Czech Republic (Prague subset) with the
similar studies from Norway, Great Britain and the Netherlands

(PCBs expressed in the ng.g" in fat)

country Norway Great Britain the Netherlands Czech
[reference] [11] [12] [13] Republic
n=28" n=32" n=19* n=17*
Congener average median average median  average median average  median
PCB No - (range) (range) (range) (range)
28 78 22.1 315 17.0 12.1 5.8 nd*
(nd-24.2) (nd-188) (0.2-188.6)
52 ** 26.2 6.4 2.6 1.5 nd*
(nd-154) (nd-32.7)
101 1.1 nd 15.0 4.9 1.5 1.1 nd*
(nd-4.7) (nd-82) (0.2-10.0)
118 26.2 237 28.6 194 355 327 285 25
(9.6-56.7) (5-197) (9.7-94.0) (7-59)
138 86.8 910 681 564 1299 1242 2890°* 260
(74.6-185.9) (18-261) (438-314.3) (100-558)
153 1144 99 859 718 1863 1727 319.0 331
(49.6-2594) (27-275) (59.9475.7) (142-702)
180 506 460 749 01 769 713 402 116
(9.7-108.3) (1-210) (2.5-418:8) (91-487)
T ind. PCB 2869 330.2 4443 936.7

#  number of analysed samples

*  below the limit of quantification i.e. <5 ng.g" in fat
**  not quantified due to the interference with the unknown peak
*** PCB 138 was coeluted with PCB 163 (expressed as PCB 138)

In Table 2 there are summarised our results together with similar data reported recently in Norway [11],

Great Britain [12] and the Netherlands [13]. As can be seen, the sum of indicator PCBs was higher in local
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samples compared to those of foreign origin while the content of lower chlorinated PCBs (congeners No. 28
and 52) as well as pentachlorobiphenyl No.101 were below the limit of determination (i.e. 5 ng.g” in fat).
This fact may be attributed to different contamination pattern of Czech diet and, consequently, different
dietary exposure. As it was mentioned above, technical mixtures with prevailing content of hexachloro- and

Table 3
Comparison of levels of indicator PCBs in human milk from Czech Republic (Prague subset) with the
data from Germany (Middle-Hesse) (PCBs expressed in the ng.g" in fat)

Country Germany Germany Czech Republic
[reference] 7 nn
years 1984 /85 199091 199394
n=69" n=68" n=17"
Congener average median  average median  average median
PCB No.- (range) (range) (range)
28 0.5 5 17 18 nd*
(0.5-40) (9-46)
52 0.5 2 13 15 nd*
(0.5-60) (6-44)
101 15 21 14 17 nd*
(0.5-19) (0.5-55)
118 * b 28.5 25
(7-59)

T 5 T T St Ty
(60-660) - (654669) - (00558
153 335 24 W i
' (70-750) (108-968) (42702) ‘
180 16 i& 1m 194 340 %
(40-400) . . (75-1023) (91-487)
Limnd.PCB 751 638 57
*  number of analysed samples

*  below the limit of quantification i.e. <5 ng.g" in fat
** not analysed in this study
*** PCB 138 was coeluted with PCB 163 (expressed as PCB 138)

heptachlorobiphenyls were mostly the primary source of environmental pollution in our country. Regarding

the composition of market basket of countries listed in Table 2, fish and fish products are consumed here in
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Table 4

Content of persistent organochlorine contaminants in human milk - comparison of various regions
in Czech Republic

(expressed inng.g” in fat)

Region PCB B-HCH pDT HCB *
Prague 1696 71 998 639 17
Kladno 860 79 832 570 12
Uherské 1529 80 1283 482 7
Hradi3t&

kS

g

Prague
Region
[ﬁﬁa [jveticH =9 oot 2 > ]

PCB - sum of congeners Nos.: 28,66,70,74,105,118,138,153,156,170 and 180
B-HCH - hexachlorocyclohexane (beta isomer)
DDT -p,p’-DDT and p,p’-DDE
HCB - hexachlorobenzene

- number of analysed samples

higher rate. (The consumption statistics in Norway, United Kingdom, the Netherlands and former
Czechoslovakia in the end of 80ties were as follows 41.1, 19.9, 9.2 and 6.8 kilograms of fish and fish
products per capita and year, respectively [14].) Relatively high contents of PCBs were often reported in fish
from Baltic and Northern Sea [15,16]. Since the biodegradation of PCBs in fish is very limited, higher intake
of lower chlorinated PCBs (that are typically accumulated in these biota) via this commodity may be reflected
in elevated levels in human milk.

In Table 3, our data are compared with those obtained in Germany - ten and five years ago [17]. The drop of
sum of indicator congeners was recorded in the second set of samples, nevertheless the mean content of
lower chlorinated PCBs (congeners No. 28 and 101) slightly raised. Unfortunately, in the quoted study there
are not suggested reasons for these phenomenon.

Comparison of PCB levels in human milk was carried out in three different regions in the Czech republic:
Prague represents industrial urban agglomeration, Kladno is a small city close to Prague and Uherské

Hradité is a locality characterised by high environmental burden of PCBs due to their outbreak from paints-
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producing plant and wide use of these paints in local agriculture facilities.

In Table 4 there are clearly illustrated increased levels of PCBs in the later locality with higher extent of
pollution. As it was shown in another study [18] compared to typical “background” of Czech Republic,
locally produced food crops are more contaminated and thus their consumption results in higher mothers
burden. The levels of PCBs in Prague and Kladno were lower, no distinct differences were recorded between
these regions. As to the chlorinated pesticides, the higher content of DDT (and its metabolite DDE) in
Uherské Hradi§té may be attributed to its wide use in this agricultural area in the past. Levels of HCB which
may be formed in various combustion processes were slightly higher in industrial areas such as Prague and
Kladno. The content of B-HCH was similar in all sets of examined samples.

Table 5 presents typical spectra of major PCBs contained in analysed samples. In accordance with resuits
reported in many other studies [11,12,17,19]; PCB No.153 was the dominant congener in all our samples. A
very good correlation was found between the sum of major PCBs and PCB No.153 (for set of 17 samples
from Prague r = 0.99, correlation coefficient for other major congeners were r= 0.98 for PCB 180, and 0.93
for PCB 138, respectively). However, it should be noted that the extent of contamination characterised by the
content of PCB 153 does not always correspond to the concentrations of planar PCBs that are considered to

be mainly responsible for toxic effects in humans [11,13, 20].
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