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Proceedings of the

2nd PCB Workshop: Recent Advances in the
Environmental Toxicology and Health Effects of PCBS

FOREWORD

The Second PCB Workshop, entitled "Recent Advances in the Environmental Toxicology and Health Effects of PCBs" was attended by more than
150 scientists from Europe, the Americas and Asia. They met in Brno, Czech
Republic during the week of May 7-11, 2002. The NIEHS/EPA-Superfund
Basic Research Program, the Graduate Center for Toxicology at the University of Kentucky and the Research Centre for Atmospheric and Environmental
Chemistry and Ecotoxicology of Masaryk University, Brno sponsored the
Workshop. Papers were presented at six separate sessions (including poster
sessions) emphasizing themes related to the origins, human residues and exposures, actions, biomarkers, risk and remediation of polychlorinated biphenyls (PCBs). Special thanks to the NIEHS/EPA-Superfund Basic Research Program for their support of the publication costs of this volume of
articles that grew out of that meeting.

Dr. Holoubek

Dr. Robertson

RECETOX-TOCOEN & Associates
Brno - Czech Republic

University of Iowa
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PCBs IN THE KARSTIC ENVIRONMENT OF SLOVENIA AND
CROATIA AS CONSEQUENCE OF THEIR ACCIDENTAL RELEASE
Mladen Picer 1 and Ivan Holoubek 2

2

1
Rudjer Boskovic Institute, Bijenička 54, 10000 Zagreb, Croatia.
RECETOX - TOCOEN & Associates, Kamenice 126/3, 62500 Brno Czech Republic:

SUMMARY
In the last twenty years there were two serious incidents
in the karstic area of Slovenia and Croatia which resulted in
significant amount of PCBs’ inflow into the bioecological
cycle of the karstic environment. The first one was in Slovenia in the small town Semič, Bela Krajina. Owing to this
very high levels of PCBs were observed in nearby samples
of air, water, sediment and fish. Even about 200 km down
the river Kupa in Croatia (into which contaminated rivers
from Slovenia flowed), levels of PCBs have been higher in
comparison with other rivers in Croatia.

the “Bilice” E.T.S. over 2000 mg/kg PCBs in dry soil
samples) were found in Šibenik, Zadar and Dubrovnik
area. The levels of PCB human intake found in Zadar area
are not alarming but should not be under estimated. On
the other hand, intake of PCBs in the critical population
of Bela Krajina has been very serious.
KEYWORDS:
PCBs, Karstic environment, Slovenia, Croatia.

The second incident was during release of PCBs during war in Croatia. Some natural resources, infrastructure,
homes, and enterprises during 1991-1995 warfare in Croatian karst area have been unscrupulously destroyed. During 1996 waste oil and soil samples near damaged transformer stations were collected in Delnice, Zadar, Šibenik,
Split, and Dubrovnik area and analysed for polychlorinated biphenyls. Significant levels of PCBs (the highest at

INTRODUCTION
The first serious karstic environmental contamination
in former Yugoslavia was in Slovenia at the beginning of
seventies because of the inadequate putting off of PCBfalls from the plant “Iskra” for capacitors production in
the small town Semič, Bela Krajina (Figure 1).

FIGURE 1 - Map of investigated area in Slovenia and Croatia in connection with PCBs released in Semič, Slovenia.
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FIGURE 2 - Map of the Croatian karst area with potential sources of hardly
degradable harmful materials created during warfare actions and sample collection.

Discovery of PCBs contamination began in 1983, during an investigation of water of the small river Krupa as
potential source of drinking water for the county Bela Krajina. The town Semič is around 4 km away from the source
of river Krupa . The plant “Iskra” has used various PCBs
oils, mostly Clophen A 50, Clophen A30 and Pyralen 1500
from 1962. to 1985. It is estimated that about 3 to 6 tons of
PCBs were emitted into the atmosphere, and the same
range of amounts were lost during various technological
manipulations. 65 to 75 tons were transferred to inadequate
land sites (mostly in karstic hollows) inside the plant or in
the vicinity. During the sanation of the contaminated area,
1986 a waterproof concrete dumpsite was constructed, in
which about 30 to 50 tons of PCBs wastes collected from
karstic hollows and other sites in the vicinity of the plant
contaminated with PCBs were transferred. In the same

time, it is estimated that between 30 and 40 tons of PCBs
wastes still existed inside the karstic area of Bela Krajina
county [1 –3].
During the war in Croatia there were great fears and
concrete evidence that significant quantities of polychlorinated biphenyls (PCBs); various flame-retardants, explosives, and their by-products were released in the environment. During uncontrolled combustion of PCB and
other organohalogens, even more dangerous polyhalogenated dibenzofurans and dibenzodioxins are formed, so the
area under warfare operations was under even greater
jeopardy [4, 5]. According to the collected data on warfare damage in Croatian karst area, a map has been created showing potential sources of hardly degradable harmful materials produced during warfare (Figure 2).
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METHODOLOGY

The levels and residue profiles of polychlorobipheniles (PCB), and chlorobenzenes (CBz) in pine needles were investigated [6]. The distance from the source
of pollution, the exposure time and the transportation
routes influence levels and residue profiles of these compounds. PCB levels in pine needles decrease with distance
from the site of pollution (Figure 6): at 50 m they were
2.2; at 200 m 0.15; and at 10 km 0.01 µg/kg dry wt. Triand tetra-CBs were about 1:100 of the PCB level at 50 m
and 1:4 of the PCB level at 10 km from the source of
contamination. Higher chlorinated and planar compounds
of low vapour pressure were enriched in plants. Enrichment
in plants increases with partition coefficient of the organochlorine and the exposure time. Different transportation
routes from the source of pollution to plants via (i) airplant; (ii) river water-air-plant influences the composition
of chlorine homologues in plants. The differences in the
profile of organochlorines in plants were compared with
the physicochemical data of the individual components [6].

Chemical analysis: Crude samples and anhydrous
Na2SO4 were concurrently homogenised and extracted
with petroleum ether in a blender, or by using ultrasound
bath or Soxhlet extraction. The analytical method used for
the analysis of extracts included filtration through a column of Na2SO4 anh., cleaning on an alumina column and
the separation of the PCB’s from organochlorine insecticides on a miniature silica gel column. After concentration down from 0.3 to 1 cm-3, eluates were analysed by
ECD gas chromatography. During all the analytical procedures, the Mirex standard was used as the internal
standard. Details of the methods used for analysis of
PCBs and chlorobenzenes in various matrices are as described in numerous published papers [1-8].
Intake of PCBs into critical group: Estimation of intake
of PCBs by critical group of population is schematically
presented in the Table 1.

Comparing the maximum levels of PCBs in fish samples obtained from Bela Krajina water environment
(Krupa and Lahinja in Slovenia), Kupa river in Croatia
and coastal area of Dalmatia (Figure 7) it is obvious that
the levels of PCBs in fish from Bela Krajina are the highest. Ranges of levels of PCBs in fish from Kupa River,
the marine and harbour of coastal area of Dalmatia are
relatively similar. Comparison of estimated distribution of
the daily input of PCBs into critical population of Bela
Krajina (1984); Kupa (1985-1987) and Zadar 1997 (eating
fish catched from Zadar marine) is presented in Figure 8.
Certainly the highest estimated input of PCBs into critical
population is in case of Bela Krajina although input of
PCBs into critical population in area of Kupa river and
Zadar area is not completely safe.

For the other critical group PCB intake estimation
was based on these results. Certainly, levels of PCBs
intake in fish vary and depend about state of pollution the
investigated area.
RESULTS AND DISCUSSION
Comparison of PCB levels in various matrices of the
Bela Krajina area for the period 1984 to 1987 is presented
in Figure 3 [1-3] and for Kupa river in Croatia for period
1985 – 1987 are in Figure 4 [8-10]. Results of investigations of PCBs levels in various matrices of Dalmatian
coastal samples in Croatia obtained during 1996 to 1999
are presented in Figure 5 [4, 5].

TABLE 1
Obtaining real data about consumption fish and PCB intake of Sisak and Petrinja critical group.

PHASE I
1
Distributing survey notes to professional and non professional fishermen families

PHASE II
Direct interview with every member
of families with higher than 1 kg
per month fish consumption
Interview data

Total number of families = 65
Range of fish consumption
Number of families
(kg. month –1)
<1
20
1 to 1.99
26
2.0 to 2.99
12
>3
7
Number of families - 45

Number of persons - 78

1) Total fish consumption
2) Three the most consumable fish
from Kupa river

Personal data
1) Oldies
2) Weight
3) Profession
4) Smoking and alc. habit

88

© by PSP Volume 12 – No 2. 2003

Fresenius Environmental Bulletin

EA
K
EN
IC
H
C

B

PO
R

EE
F

M

M
EA
T
K

FA
T
PO
R

K

S
EG
G

FI

SH

EN
IM
SE
D

W

A
TE
R

T

T

MATRIX

10000
1000

PCBMIN
PCBMAX

PCB LEVEL (mgkg-1)

100
10
1
0,1
0,01
0,001
0,0001
0,00001
0,000001

FIGURE 3
Comparison of PCB levels in various matrices of the Bela Krajina area for the period 1984 to 1987.
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FIGURE 4
Comparison of PCB levels in various matrices of the Kupa River in Croatia.
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FIGURE 5 - Comparison of PCB levels in various matrices of the
Dalmatian coastal samples in Croatia obtained during 1996 to 1999 period.

FIGURE 6 - The levels of polychlorobiphenyls (PCB), and chlorobenzenes (CBz)
in pine needles depending of distance from PCB source in Bela Krajina.
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FIGURE 7 - Comparison ranges of levels of PCBs in fish samples obtained from Bela Krajina water environment
(Krupa and Lahinja in Bela Krajina, Slovenia), Kupa River in Croatia and coastal area of Dalmatia.
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FIGURE 9 - Comparison of PCB levels in plasma of different group of Slovenian residents:
Group A – River Krupa Gorge; Group B – 1-3 km distant from Krupa; Group C – non exposed Slovenian residents.

Comparison of PCBs level in plasma of different group
of Slovenian residents: Group A – river Krupa gorge;
Group B – 1-3 km distant from Krupa; Group C – non
exposed Slovenian residents) is presented in Figure 9 [11].
As can be seen, significantly lower levels of PCBs were
observed in the plasma of residents far from river Krupa,
which seems to be the most polluted water body in karstic
area of Slovenia and Croatia.

children) intake PCBs is above the recommended
levels.
3)

Significantly higher levels of PCBs in plasma of
residents close to river Krupa in Bela Krajina, Slovenia was observed in comparison with other residents in Slovenia.

4)

It seems that the most polluted water body with
PCBs in karstic area of Slovenia and Croatia are
the rivers Krupa and Lahinja in Slovenia.

CONCLUSION
Investigations of the levels of PCBs in karstic area of
Slovenia and Croatia as a consequence of incident situations show:
1)

2)
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LEVELS OF PERSISTENT ORGANOCHLORINE
POLLUTANTS (POPs) IN SOILS FROM SOUTH ROMANIA
Adrian Covaci*, Adriana Gheorghe and Paul Schepens
Toxicological Center, University of Antwerp, Universiteitsplein 1, 2610 Wilrijk, Belgium

SUMMARY
Selected persistent organochlorine pollutants (POPs),
including polychlorinated biphenyls (PCBs) and organochlorine pesticides, such as DDT and hexachlorocyclohexane (HCH) isomers, were measured in surface soils
collected from rural and industrial areas located in the
South of Romania. DDTs were the main organochlorine
pesticides found in Romanian rural soil (concentrations
up to 460 ng/g dw), while HCHs were occasionally found
in high concentrations (up to 308 ng/g dw). Concentrations of PCBs were low (< 20 ng/g) at almost all rural
sites, while concentrations in industrial soil were higher
(up to 175 ng/g dry weight), with the highest value of
1100 ng/g dw at the chemical plant Doljchim. These results are in accordance with the previous measurements of
PCBs and OCPs in Romanian soils. Interestingly, high
concentrations of HCB (up to 90 ng/g dw) and HCH isomers (predominantly β-HCH isomer) were found near
Oltchim plant (Ramnicu Valcea), producing in a large scale
chlorinated compounds, including lindane and alachlor. No
soil samples exceeded the Romanian reference values for
PCBs and pesticides in rural or industrial soil.

degradation, formation of strongly bound residues and
burial to depth [3]. While certain soils receive inputs of
such chemicals from dumping procedures, pesticide usage,
sewage sludge disposal and agricultural amendments, all
soils - even in remote areas – receive inputs of POPs from
atmospheric deposition. POPs are very persistent in soils
[3, 4] and the POP burden of soils is a complex function of
the balance between inputs and losses, which is strongly
dependent on the use of soil, environmental/ climatic conditions (temperature, humidity) and soil type/ system (organic carbon, nutrients, pH, microbial populations).
Compared with Western Europe and North America,
fewer information concerning the levels of POPs in soils
is available from Eastern Europe [5-8]. In Romania, OCPs
(especially DDT and hexachlorocyclohexanes-HCHs)
were massively used for agricultural purposes until their
ban in 1985 [9], and due to their high persistence, residues
of these substances continued to be found in soil and other
environmental compartments [10, 11]. Previous analysis
of POPs from Romanian soil (~ 50 locations from Eastern, Western and Southern Romania) has shown relatively
high concentrations of pesticides in soils from rural areas
and relatively high concentrations of PCBs and sporadically DDTs in soils from urban areas [11, 12]. In addition,
one industrial soil (Oltchim-Ramnicu Valcea) showed
high concentrations of PCBs, HCB and HCHs. The present work builds up on the previous study with the inclusion of additional 35 soil samples collected from rural and
industrial areas located in Wallahia, the Southern province of Romania.

KEYWORDS: polychlorinated biphenyls, organochlorine pesticides, DDT, HCH, soil, Romania.

INTRODUCTION
Persistent organochlorine pollutants (POPs), such as
polychlorinated biphenyls (PCBs) and organochlorine
pesticides (OCPs), have become a major issue of research
in order to investigate their environmental occurrence,
biochemical and toxic effects and human exposure. Even
after a decade of being banned, they are still present in the
environment and subjected to cycling processes [1] and
long range transport [2]. Soils are an important reservoir for
POPs [3] and agricultural soil is likely the largest sink of
OCPs and a major source of emissions. Various processes
occur in soils, namely, exchange with the atmosphere, bio-

MATERIALS AND METHODS
Samples

Surface soil samples (max. 5 cm deep) were collected
in October 2001 from rural (n=17) and industrial (n=18)
areas from Wallahia, the Southern province of Romania
(Figure 1). For rural zones, samples were collected from
arable areas belonging to Silistea-Gumesti, Peris
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FIGURE 1 - Map of Romania showing the sampling sites.

Viisoara, Calarasi, and Beharca, villages, from individual
farms in Peris and Valenii de Munte, and from suburban
sites at the periphery of Filiasi town. For industrial areas,
samples were collected from the thermal power plants of
Branesti-Gorj and Rovinari, from the electrical power
plant of Isalnita and from sites near the electric motors,
transformers and condensers plant TMC Filiasi. Other
industrial soil samples originate from different chemical
plants: Arpechim-Pitesti, a major Romanian plant of
chemical and petrochemical products, Doljchim-Craiova,
an urea and methanol producer, USG-Govora, the biggest
manufacturer of soda products in Romania and OltchimRamnicu Valcea, the biggest organochlorine compounds
producers (including lindane and alachlor) from Romania.

Samples were homogenised by sifting through a steel
mesh (~2 mm grid size), dried at room temperature and
sealed in air-tight polyethylene containers for storage at
room temperature until analysis.
Methods

A number of 28 PCB congeners (IUPAC numbering)
were targeted for analysis (see list with results). Additionally,
we included hexachlorobenzene (HCB), α−, β− and
γ−HCH hexachlorocyclohexane isomers (the sum expressed as HCHs), p,p'-DDE, p,p'-DDD, o,p’-DDT and
p,p'-DDT (the sum expressed as DDTs) as the major organochlorine pesticides found in environmental samples.
PCB 46, PCB 143 and ε-HCH were used as internal
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standards. All individual standards were purchased at a
concentration of 10 ng/µl in iso-octane from Dr. Ehrenstorfer Laboratories (Augsburg, Germany). Dilutions
were made in iso-octane to cover the range of POPs expected in the samples. Certified reference material CRM
481, an industrial soil certified for PCBs ((IUPAC Nos.
101, 118, 149, 153, 156, 170 and 180) was purchased
from BCR (Brussels, Belgium) and was used for internal
quality control. Acetone, hexane, dichloromethane and
iso-octane were of pesticide grade (Merck, Darmstadt,
Germany). Analytical grade concentrated sulphuric acid
95-97% was purchased from Merck. Anhydrous sodium
sulphate (Merck) for residue analysis and silica gel 60200 Mesh (Merck) were used after heating overnight at
120oC. A Soxhlet extractor B-811 (Buchi, Switzerland)
was used for the extraction of organic residue from soil.

with a 50m x 0.22mm x 0.25µm, HT-8 capillary column
(SGE, Zulte, Belgium). Pulsed splitless mode (pulse pressure = 35 psi, pulse time = 1 min) was used for injection
and the split outlet was opened after 1 min. Injector and
detector temperatures were set at 275oC and 320oC, respectively. The temperature program of the oven was set
to 90oC for 1 min, then with 15oC/min to 180oC, kept for
1 min, then to 250oC by 3oC/min and further by 15oC/min
to 290oC, kept for 15 min.
Method limits of detection for each compound were
set to 0.1 ng/g soil. Recoveries of target analytes and
internal standards ranged between 70 and 85%. The procedure was validated through analysis of procedural blank
and certified material, CRM 481. The procedural blank
was carried out by extracting a thimble filled with sodium
sulphate and by treating the extract as a sample. Values
for all compounds in the procedural blank were substracted from values found in the samples.

The methodology used for the determination of organochlorine pollutants in soil has been described and
validated elsewhere [12] and is briefly presented below.
Portions of 2g of soil were spiked with internal standards
and extracted for 2h using a hot Soxhlet manifold with
50 ml hexane:acetone (3:1, v/v). The extract was concentrated to 5 ml in the extractor, was further purified on
cartridge filled with acidified silica, eluted with hexane
and concentrated under a nitrogen stream to 80-100 µl.
One µl from the final extract was injected into a Hewlett
Packard (Palo Alto, CA, USA) 6890 GC-µECD equipped

RESULTS AND DISCUSSION
Means, standard deviations and ranges of concentrations (ng/g dry weight) of PCBs and OCPs in soils collected from South of Romania are shown in Table 1. The
distribution of contaminants is discussed according of soil
provenience (rural and industrial land).

TABLE 1 - Concentrations (ng/g soil dw) and ratios of selected POPs in
soils from Southern Romania, function of their provenience (October 2001).

Rural* (n=17)
Compounds

HCB

Sum HCHs
β-HCH/ Sum HCHs

Sum DDTs
pp’-DDT/ Sum DDTs

Sum PCBs
PCB 153/ Sum PCBs

Conc
ng/g soil

Industrial (n=18)
Conc
ng/g soil

n

Mean±SD

Range

n

Mean±SD

Range

<10
>10

17

0.1±0.1

nd-0.5

<10
>10

13
5

3.0±3.9
44.4±28.9

nd-9.9
10.6-89.8

<50

14 (1*)

11

2*

0.1-41.9
0.00-0.78
150.7-236.3
0.07-0.12

<50

50-250

50-750

7

14.2±14.3
0.37±0.24
129.1±79.4
0.70±0.27

1.5-37.5
0.05-0.73
50.3-248.7
0.20-0.90

>250

1*

9.6±12.5
1) 0.25±0.24
193.5±60.6
0.10±0.03
307.7
0.27

<50

11(4*)

16.8±13.8
0.69±0.20

0.3-40.3
0.45-1.06

<50

15

20.9±9.9
0.59±0.16

2.1-43.6
0.26-0.81

50-500

6

214.7±168.7
0.37±0.08

64.6-466.9
0.28-0.49

>50

3

137.5±104.3
0.60±0.04

61.89-256.5
0.55-0.63

<20

16 (4*)

nd-17.5
0.00-0.17

<20

7

>20

1

3.8±5.9
0.05±0.06
23.1
0.1

20-1000

10

>1000

1

8.7±8.0
0.12±0.12
59.9±50.5
0.13±0.02
1119.7

nd-16.6
0.09-0.15
22.2-174.5
0.09-0.15
0.13

* indicate suburban samples situated at the periphery of Filiasi town.
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TABLE 2 - Romanian reference values (ng/g dw) for alert
and intervention levels for traces of pollutants in soil [16].

Pollutant

Alert level

Normal values
Sensitive*

I. Chlorobenzens,
Chlorophenols
Total chlorobenzens
Total chlorophenols
II. PCBs
PCB 28
PCB 52
PCB 101
PCB 118
PCB 138
PCB 153
PCB 180
Total PCBs
III. PCDD/PCDF
Total PCDD
Total PCDF
IV. Organochlorine pesticide
Σ DDT
p,p’-DDT
p,p’-DDE
p,p-DDD
Σ HCH
α -HCH
β -HCH
γ -HCH
δ -HCH
Total OCP

Intervention level

Less sensitive**

Sensitive

Less sensitive

<100
<20

5 000
2 500

10 000
5 000

10 000
5 000

30 000
10 000

<0.1
<0.1
<0.4
<0.4
<0.4
<0.4
<0.4
<10

2
2
10
10
10
10
10
250

10
10
40
40
40
40
40
1 000

10
10
40
40
40
40
40
1 000

50
50
200
200
200
200
200
5 000

<0.1
<0.1

0.1
0.1

0.1
0.1

1
1

1
1

<150
<50
<50
<50
<5
<2
<1
<1
<1
<200

500
250
250
250
250
100
50
20
50
1 000

1 500
750
750
750
750
300
150
50
150
2 000

1 000
500
500
500
500
200
100
50
100
2 000

4 000
2 000
2 000
2 000
2 000
800
400
200
400
5 000

Alert level - determines a supplementary monitoring and reduction of these pollutants
Intervention level – determines actions to be taken (soil cleaning, restricted access, etc)
Uses:
*Sensitive: residential and agricultural areas, playing fields, parks, protected areas, sanitary zones under restriction regime
**Less sensitive: industrial and commercial land uses

Rural areas

In samples from suburban sites located near Filiasi
town, the HCH concentration increased strongly (range
150 - 308 ng/g dw) and the proportion of β-HCH was
relatively low (22 ± 15%) (Table 1). The α-HCH/γ-HCH
ratios were up to 33.5 (mean 17.1 ± 11.4), probably due to
an old use of technical lindane. The presence in rural land
of high concentrations of pesticide residues is not surprising, due to the vicinity of large surfaces belonging before
1989 to state farms with intensive past use of pesticides.
One sample was exceeding the Romanian reference value
(250 ng/g dw) for HCHs [16] in agricultural land (Table 2).

In general, concentrations of HCB in soil from rural
sites were extremely low, mostly below the detection
limit (Table 1).
HCHs: Two HCH formulations were used in Romania:
technical lindane, which contained 60-70% α-, 5-12% β-,
and 10-12% γ-HCH, and pure γ-HCH. Only γ-HCH is
insecticidal, but the other isomers have toxic properties,
especially β-HCH, which is more bioaccumulative [13].

In samples from rural land with HCH concentrations
< 50 ng/g soil (Table 1), the mean value of β-HCH/sum
HCHs ratio was 0.25 ± 0.24 showing that α-HCH and γHCH represented the most part of the mixture. Moreover, low values of α-HCH/γ-HCH ratio (< 1) obtained
for 13 out of 17 samples proved a recent use of pure
lindane in these regions or contamination through atmospheric deposition of isomers volatilised from treated
agricultural soils [14,15].

DDTs: Technical grade DDT contains 65-80% active
component p,p’-DDT, 15-21% o,p’-DDT, and up to 4%
p,p’-DDD. High concentrations of DDTs were found in
6 out of 17 soils collected from agricultural land included
before 1989 in collective farms with an intensive pesticide
use (Table 1). The relatively high p,p’-DDT/sum DDTs
ratio (0.37 ± 0.08) may prove the presence of an aged
DDT mixture. However, no sample exceeded the Roma-
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nian reference value (500 ng/g dw) for DDTs [16] in
agricultural land (Table 2). Samples from individual
farms, located in areas where pesticides were not used or
used only sporadically, showed concentrations < 50 ng/g
soil with p,p’-DDT representing almost 70% of the total
DDT concentration.

Eastern parts of Romania (Table 3). DDTs were the
main organochlorine contaminants in all three provinces
with a high frequency of values exceeding a concentration of 50 ng/g soil. In contrast, HCH concentrations
were much lower in the Western and Eastern part of Romania compared to the South. This shows the use for certain agricultural purposes of HCH mixtures in parallel with
the DDT mixture. Moreover, the distribution of HCH isomers indicated a mixed use of technical HCHs versus pure
lindane. However, due to relatively low number of analysed samples, it is not possible to point to differences in
concentrations between regions, but it is feasible to locate
spots with relatively high concentrations of pesticides.

Samples from rural land close by Silistea-Gumesti
village contained HCHs up to 41.9 ng/g dw, but some
exhibited high DDTs concentrations (Figure 2).
The maximum value of 383.9 ng DDTs/g soil was
found for a sample (AD028) from an agricultural area
formerly included in the local collective farm and situated
near an area used for more than 30 years for vegetable
crops. Two other samples (AD029 and AD030) remote
from AD028 contained relatively high concentrations of
DDTs, but probably from other sources. For example,
sample AD029 was taken in the proximity of the railway
where some insecticides and herbicides could have been
used in the past [17].

In addition to the above data, it is worth mentioning
that starting from 1992, an integrated Soil Monitoring
System for organic pollutants (including DDT and HCHs)
has been implemented in Romania [18] and organised in
two subsystems (agricultural and forest soils) covering the
whole country. However, the actual system does not include soil from industrial facilities or dumping sites and
does not consider other persistent organic pollutants such
as HCB and PCBs. While only small differences in HCH
concentrations were observed between agricultural and
forestry uses, a marked difference was observed for
DDTs, with the highest values for the agricultural land
(up to 2 458 ng/g dw). Interestingly, as in our study, the
samples with highest concentrations of HCHs and DDTs
were predominantly from the Southern part of Romania.
A closer mapping of these sites is supposed to be carried
out in the near future.

PCBs: Low PCB concentrations were found in almost all
samples from rural sites (Table 1). Only one exceeded 20 ng
PCBs/g soil (23.1 ng/g soil dw), while the mean concentration for the other 16 samples was 3.8 ± 5.9 ng/g soil, with
PCB 153 representing 5 ± 6 % of the PCB mixture.

The data obtained in this study from rural soils collected in 2001 from Southern Romania can be compared
with the previous data [11, 12] obtained from similar soil
samples collected in 1999 from the Western, Southern and

450
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FIGURE 2 - Profiles of HCHs and DDTs in samples from different rural sites located nearby Silistea-Gumesti.
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TABLE 3 - Concentrations (ng/g dw) of organochlorine pesticides
and PCBs in soil samples collected from different regions of Romania.

a – ref. 11
b - this study

Industrial areas
HCB: High concentrations of HCB were found near
Oltchim, with the highest value of 90 ng/g soil at 100 m from
the plant and more than 50% decrease at a distance > 500 m
(Figure 3). These concentrations were lower than the HCB
concentration found in 1999 in the same area in 1999 [11].

While 7 out of 18 samples from industrial sites exhibit α-HCH /γ-HCH ratios lower than 1, all samples
from Oltchim and USG Govora showed higher ratios
(1.4 - 8.0), probably due to the same source: releasing
vapours from Oltchim and from its dumping sites. Surprisingly, for the studied area, β-HCH and total HCH
concentrations increased with the distance from Oltchim
(Figure 3). This unexpected profile may prove that several
factors such as climatic conditions (temperature, direction
and intensity of the wind or precipitation type and frequency) together with the vapour pressure and Henry’s
law of constant of β-HCH are responsible for selective
deposition and diffusion on limited areas, followed by
episodes of removing by rain [22]. This assumption is
also supported by the profile of HCH isomers concentration in the soil versus the distance from the former HCH
plant from Duque de Caxias, Rio de Janeiro [23]. The
relative stability or change of meteorological parameters
will result in different tendencies: (i) to increase the level
of the maximum concentration; (ii) to homogenize the
concentration levels or (iii) to shift over time the amplitude of concentration. None of these three variants contradicts Figure 3 and moreover, any of their probable
sequences supports it.

HCHs: For samples with HCH concentrations < 50 ng/g
soil, a slightly higher prevalence of β-HCH (37%) over γHCH (32%) and α-HCH (19%) was observed. For HCH
concentrations > 50 ng/g soil, the percentage of β-HCH in
the isomer mixture increased strongly (82 ± 11%), except
one sample from Doljchim, which contained only 20% βHCH and 56% γ-HCH.

Samples collected from 100, 500, 1000 and 1500 m
from the Oltchim plant showed high concentrations of
HCHs (range 132.1 and 350.1 ng/g dw). The prevalence
of β-HCH (89 ± 3%) in these soils can be explained by
the fact that during the production of lindane about 85%
of the product consisted of isomers such as α-, β- and δHCH, which are further discarded into special dumping
sites located near the plant [19]. The presence of these
dumping sites (4 cells with 350 000 m³) may have a key
role in the short range transport (<5 km) from the point
source of residual HCHs, as already proved for PCBs [20].
In case of improper disposal, the dumping places become
a potential high contamination source for the whole region [19]. The presence of HCHs was evidenced in water
from Lake Babeni, which gets the industrial and municipal wastewater from three counties as well as from the big
pesticides manufacturer plant Oltchim [21]. High concentrations of HCHs (up to 9 g/l) were found in the water
collected in 1991 and 1992, but no information on the
isomeric profile was provided.

DDTs: In 15 out of 18 industrial soils, DDT concentrations were < 50 ng/g soil. In these samples, p,p’-DDT represents more than 50% of the DDT mixture, proving that
the soil texture and other local conditions delayed the
chemical or biochemical biodegradation of p,p’-DDT.
Higher DDT concentrations (up to 256.5 ng/g dw) were
measured in only three samples collected near a railway
in the proximity of TMC Filiasi (with a possible pesticide
exposure from agricultural land).
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FIGURE 3
Profiles of different persistent organochlorine pollutants in function of distance from the organochlorines factory Oltchim.
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DDT concentrations in samples near Oltchim plant
were low (<26 ng/g dw) and almost constant for sampling
points situated between 100 and 1500 m from the plant. In
these samples, the concentrations of p,p’-DDT were more
than 10 times higher than the concentrations of p,p’-DDE.
In Romania, almost all big chemical plants, thermal or
electrical power stations are situated outside towns and in
most cases, the presence of pesticide residues is due to the
proximity to agricultural land.
PCBs: In 7 out of 18 industrial soils, PCB concentrations were < 20 ng/g soil (Table 1). Higher concentrations
(54.6 and 55.5 ng/g soil) were found in samples from
locations near two chemical plants (Doljchim and Arpechim). Another soil from Doljchim plant sampled two
weeks later and at 200 m from the previous one, contained a very high PCB concentration of 1119.7 ng/g soil,
probably due to a recent episode of PCB use or release.
This assumption is supported by the proximity of a power
transformer plant (Electroputere, Craiova). Despite their
very different PCBs concentrations, similar profiles of
PCB congeners was obtained for two samples from
Doljchim (1119.7 ng PCBs/g soil) and from USG (45.9
ng PCBs/g soil) with a major contribution of PCB 180
and PCB 153 (Figure 4). It was already shown that soil
sorption is favoured by a high degree of chlorination [24].

Samples from locations situated in the vicinity of
USG at distances up to 1000 m showed PCBs concentrations ranging between 15.9 and 22.8 ng/g soil (mean value 19.4 ng/g soil). However, one sample from 1500 m
exhibits a double PCB concentration, probably because
the collection site was closer to Oltchim plant. PCB concentrations of 150 ± 25 ng/g were obtained for samples
near Oltchim situated at distances between 100 and 500 m.
More than a five times decrease in PCB concentration
was observed for samples collected at 1000 and 1500 m
from the plant (Figure 3). The PCB concentration level in
a sample from the same area [11] collected in 1999 (no
information about the distance to the plant) were more
than four times higher than the present PCB concentrations. Similar PCB concentrations have been measured in
soils near industrial facilities in Poland [7].
Fate and stability of DDTs and HCHs in soil

In aerobic conditions, much of the p,p’-DDT present
in the soil is transformed to p,p’-DDE, while in anaerobic
conditions, the principal degradation product is pp-DDD
[25]. All three compounds (p,p’-DDT, p,p’-DDE and
p,p’-DDD) are strongly adsorbed when deposited on soil
and mostly remain on the surface layers. Their volatilisation is more likely to occur from moist soils than dry soils
[25] and, therefore, being increased by soil irrigation. It is
interesting to mention that, due to agricultural works, soil
from rural areas is disturbed and the deeper layers are
brought back to surface. This procedure allows thus an
efficient recycling of old contamination episodes.

The half-lives of DDTs in soil are in the range of
months and depend on the climate conditions and type of
soil (e.g. the half-life of p,p’-DDE ranged from 151 to
271 days, while in extremely acidic soil the half-life was
at least 672 days) [25]. Moreover, it has been observed
that over long periods of time, organochlorine pollutants
may become bound in soil particles and, as a result, less
available to organisms, such as worms [26]. In this case,
the amounts of pollutants that are available to organisms
are much less than amounts measured by analytical procedures based on exhaustive extractions. Thus, the more
recent soil exposure, the higher bioavailability, which
depends on the type and properties of the soil, the concentrations of pollutants in soil and the ageing time [27].
For agricultural soil, the transfer of available pesticides from soil to the plants is of importance. For nonlipophilic compounds, such as organochlorine pesticides
and PCBs, at least in some types of plants (rice, beans and
tomatoes), the root uptake/translocation is not a major
route [28]). The organic contaminants are strongly attached to soil particles and thus, immobile. The major
route is revolatilisation from contaminated soil to air and
then atmospheric deposition through dry particle bound
deposition and/or wet deposition [29].
Perception of environmental pollution with organochlorine
compounds in Romania

Although environmental legislation frame for assessing POPs pollution exists in Romania (Table 2), much
has still to be done. Romania, as well as many other developing countries, are confronted with inadequate safety
and hygienic practices regarding application, storage,
transport and manufacture of pesticides [30]. Adequate
waste disposal and inventories of pollution sources for
POPs has to be done. Moreover, after the pesticide ban
(1985), the remaining stocks and the unsecure warehouses
became a major problem, due to the deterioration of depots through the improper disposal, and the illegal sales of
pesticides.
Therefore, the monitoring of abiotic and biotic compartments and, especially, the control of food production
and consumption has to be undertaken in a systematic
way. This is urgently necessary near sites with high past
contamination with PCBs and/or OCPs (plants, factories)
or near present production sites (such as Oltchim). Moreover, an increased awareness of the population of the
potential human health hazard represented by the presence of POPs in food and environment correlated with a
correct and valuable information through the mass media.
A systematic monitoring of POPs in humans should be
undertaken in order to identify highly exposed categories
and groups. Until now, there are extremely few studies
concerning the presence of POPs in Romanians [10, 11]
and they all show the presence of pesticides in relatively
high concentrations in the body. PCB concentrations in
human serum were shown to be low, but occasionally
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high concentrations were encountered probably due to a
recent exposure of the individuals.
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SUMMARY
The interpretation of monitoring data of PCB in sediment, sedimented suspended matter, breams (Abramis
brama), eels (Anguilla anguilla) and roaches (Rutilus
rutilus) from Upper-, Middle- and Lower Elbe, the Berlin
Teltowkanal and the river Spree with its neighbouring
waters permits the following assumptions. The main part
of PCB in the Elbe in Saxony and Saxony-Anhalt may
have been imported from the neighbouring Czech Republic. At Schmilka in the Elbsandstein Mountains, far away
from any industry at the border from the Czech Republic
to Germany maximal values were measured, decreasing
downstream the river Elbe till Magdeburg. In Lower Saxony and Hamburg there were again PCB increases. The
last mentioned facts permit the assumption that the use of
PCB was more intensive in the old FRG than in the former GDR were the compounds had to be imported. These
observations have also been confirmed for the (substantially smaller) territory of Berlin. The town was totally
divided into two also economical contradictory parts for
nearly 40 years, from 1961 to 1990. In the longitudinal
profiles from the Teltowkanal as well as the Spree the
PCB contents distinctly increase from the eastern parts of
the town to former Berlin-West. The percentage of the
lower chlorinated congeners Σ28, 52,101 in sPCB also
increase in the same direction. Possible input sources may
be older motor vehicles which were sufficient for the
isolated area of Berlin for the innercity transport as well
as military tracked vehicles.

KEY WORDS: monitoring in sediment and fishes, unintended
import, higher PCB loads in Western Germany and West-Berlin:

INTRODUCTION
In the considered region PCB was used to very different extents; in the former CSSR/CSFR PCB were produced
till 1985 and used intensely, in the former GDR PCB must
have been imported since 1965. The application was quite
low, whereas in the FRG till 1989 (prohibition for production and use) PCB containing aggregates were broadly
used. In the river Elbe and in rivers, lakes and canals in
Berlin samples have been analysed from water, sediment,
suspended matter and fishes from 1980–2001. For the river
Elbe in the FRG as well as the waters in former BerlinWest investigation data are present from federal laboratories since the beginning of the eighties, for the Elbe in
Western-Bohemia from the CHMU as well as in Saxony,
Saxony-Anhalt and Brandenburg and former Berlin-East
since 1990 also from federal laboratories. According to the
differences in the PCB use, the analytically determined
PCB contents in the matrices are very different and are
suited for a cause-oriented monitoring. The attempt is made
with the help of the present data material to get hints as to
the temporal development of the water loads with PCB as
well as to their sources. Figure 1 shows the investigation
area in the Elbe and Figure 2 the Berlin waters.

FIGURE 1 – The Elbe from Schmilka to the Sea.

104

© by PSP Volume 12 – No 2. 2003

Fresenius Environmental Bulletin

FIGURE 2 – Scheme of Berlin waters.

MATERIAL AND METHODS

RESULTS

There were exclusively data used from CHMU Prag
1999 [1], from ARGE ELBE Hamburg 1995–2000 [2],
SenStadt/FiA Berlin 1984–2000 [3], LAU HAlle/Saale
1990–2000 [4] and the German Environmental Specimen Bank (UPB/ESB) 1990–1998 [5]. For the UPB all
samples were taken, prepared, stored and analysed according to the Standard Operation Procedure of the
UPB/ESB [5]. For the determination the samples were
mixed with anhydrous sodium sulfate/sea sand to form a
free flowing product, which was extracted with n-hexan/
acetone in an extraction column. Clean-up procedures
for the base extract were performed with gel-permeation
and high performance liquid chromatography. Quantification was carried out by high resolution gas chromatography (GC) continued with electron capture detection
(ECD) using two columns of different polarity. More
details are given in [5].

In Figure 3 longitudinal profiles of the PCB contents
in sedimented suspended matter out of the river Elbe from
sampling points in Schmilka near the Czech-German
border to the mouth in Cuxhaven, means of monthly samples 1994, 1996 and 1998 are presented. In permissible
approximation the following deductions may be obtained:
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• The highest values are coming from the bordering
point in Schmilka (far from each industry in the
Elbsandstein Mountains), downstreams are clear
decreases to be seen at the territory of the former
GDR. Reaching the old FRG in Cumlosen this
pronounced tendency is interrupted till the sampling points in Schnackenburg and partly Bunthaus
in Hamburg. From there on the PCB values again
clearly decrease and are only present – if any – in
spaces at the mouth in Cuxhaven.
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µg/kg dm

1994

1996

1998

Elbe km

FIGURE 3 - Longitudinal profile for PCB congeners in sedimented suspended matter out of the river Elbe from the Czech/German border
in Schmilka to the mouth in Cuxhaven. Arithmetic means of all monthly samples/year. According to primary data of the ARGE ELBE.

These trends are confirmed again by the course of the
PCB values in breams (Abramis brama) in Table 1 and in
eels (Anguilla anguilla) in Table 2. Especially for the eels
the PCB increases in the region of Hamburg and clearly
pointed out.

samples of PCB in bottom sediments from 1989/90 and in
Figures 5 and 6 mean values from eel samples (n = 3–14) in
1991/93 and 1999/2000. The results show that
• the PCB contents and the shares of the lower chlorinated congeners Σ28, 52,101 increase from east
to west, i. e. upstream the canal. Very high values
are to be seen in the Neuköllner Schiffahrtskanal,
an industrial intensely used waterway. Potential
emittents – the concrete slab factory Grünau, near
the sampling point Einfahrt, as well a tank barrack
in Lichterfelde – show partly remarkable peaks.

From the results of suspended matter as well as fishes can be gathered that within the periods of investigation from 1994–1999 no decrease of the PCB values can
be detected.
The thesis expressed in the introduction that the
PCB are imported from the Czech Republic is confirmed. On the area of the former Federal Republic,
mainly in the Region of Hamburg a higher PCB usage –
compared with the former GDR – lead to higher PCB
peaks in the former FRG.
For Berlin longitudinal profiles can be assessed for the
Teltowkanal, a very slow flowing water, mainly crossing
industrially-commercially used areas. Figure 4 shows single

A comparison of Figure 5 and 6 shows that the PCB
contents on the sampling point which were sampled in
1991/93 as well as in 1999/2000, was mostly higher in
1999/2000. This is especially clear e. g. at the sampling
points Rudow, Barnackufer, Griebnitzsee, Kleiner Wannsee, Großer Wannsee and Jungfernsee – all in former
Berlin-West.
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TABLE 1 - PCB congeners in breams (Abramis brama) from the river Elbe, longitudinal profiles from
sampling sites near the Czech-German border to the mouth. Arithmetic means of all samples/sampling site/year.

sampling site

Elbe

n

km

% lipid
content

µg sPCB/kg fw
min

max

µg/kg fw

source of

x

sx

lPCB

hPCB

primary data

1991
Prossen

13

5

3,1

230

240

238

10

56

182

German

Vockerode

245

5

4,7

76

90

83

8

29

54

specimen

Barby

296

5

5,3

58

63

61

3

15

46

banking

Heinrichsberg

376

5

2,6

40

44

42

5

15

27

Cumlosen

470

5

3,0

75

86

78

6

19

59

Fährmannssand

645

13

3

52

944

182

330

39

143

Glückstädter Nebenelbe

670

11

2,3

48

151

91

30

22

69

ARGE ELBE

1996
Prossen

13

7

1,2

140

163

152

8

26

126

German

Barby

296

7

2,4

92

110

100

8

26

74

specimen

Magdeubrg

318

7

1,0

74

97

91

12

22

69

banking

Cumlosen

470

7

2,0

72

89

80

8

21

59

Blankenese

636

7

2,8

99

122

111

12

24

87

sPCB = Σ cong. 28, 52, 101, 138, 153, 180; lPCB = Σ cong. 28, 52, 101, hPCB = Σ cong. 138, 153, 180

TABLE 2 - PCB congeners in eels (Anguilla anguilla) with > 10 % lipids from the river Elbe, longitudinal profiles from sampling sites near
the Czech-German border to the mouth. Arithmetic means of all samples/sampling site/year. According to primary data from ARGE ELBE.

sampling site

Elbe

n

km

% lipid
content

µg sPCB/kg fw
min

max
1994

µg/kg fw

x

sx

lPCB

hPCB

Prossen

13

6

18

230

803

497

212

99

398

Klöden/Gallin

198

24

22

203

830

423

154

124

299

Wahrenberg

458

20

20

18

600

218

137

46

172

Gorleben

492

46

39

28

1622

301

332

61

240

Boizenburg

562

18

16

93

885

296

185

34

262

Hohnstorf

567

19

23

6

603

214

188

28

168

Moorburg

618

6

15

255

409

347

60

80

267

Bützfleth

633

10

24

86

821

329

200

49

280

Brunsbüttel

692

6

17

174

443

286

84

31

237

1999
Prossen

13

20

28

298

728

532

94

151

331

Meißen

83

3

22

231

606

420

133

120

300

Wahrenberg

458

15

20

19

483

191

130

40

151

Gorleben

492

17

29

7

571

140

163

11

129

Boizenburg

562

13

20

21

268

125

76

25

100

Kattwykhafen

620

19

22

234

984

439

169

90

349

Pagensander NE

635

15

19

108

627

384

167

81

303

sPCB = Σ cong. 28, 52, 101, 138, 153, 180; lPCB = Σ cong. 28, 52, 101, hPCB = Σ cong. 138, 153, 180
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FIGURE 4 - PCB congeners in sediment from the Teltowkanal and neighbouring
waters, longitudinal profile 1998/90. According to primary data of SenStadt:
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FIGURE 5 - PCB congeners in eel from the Teltowkanal and influenced waters,
longitudinal profile 1991/93. According to primary data of SenStadt/FiA.
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FIGURE 6 - PCB congeners in eel from the Teltowkanal and influenced waters, longitudinal profile 1999/2000.
Arithmetic means of all samples/samping point/year. According to primary data of SenStadt/FiA.
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A 50 km long very intensively sampled route goes
from the lakes in the southeast of Berlin via the Ober-,
Stadt- and Unterspree to the mouth into the Havel in
Spandau. In Figure 7 a longitudinal profile of the PCB
content in eels from 1988/91 and in Figure 8 from
1996/2000 is shown, the following conclusions may be
drawn of them:

• The increase in sPCB downstream the Spree from
southeast to northwest is very clearly to be seen. In
the former Berlin East two maxima are detectable,
the entrance to the Teltowkanal into the lake Langer See and the mouth of the channel Britzer
Zweigkanal into the river Spree. Both carry their
PCB loads from the former Berlin-West.

µg/kg fw

northwest

southeast

y/n
Samping site

FIGURE 7
PCB congeners in eel from the Oder/Spree system from Seddinsee to Unterspree, longitudinal profile 1988/91.
Arithmetic means of all samples/samping point/year. According to primary data of SenStadt/FiA.
Catalogue of the sampling sites: 1 Seddinsee, 2 Dämeritzsee, 3 Gr. Müggelsee, 4 Müggelsee, 5 Langer See entrance to the Teltowkanal, 6 Alte Spree Köpenick, 7 mouth of the Wuhle, 8 swimming area Oberspree, 9 marina, 10 mouth of the Britzer
Zweigkanal, 11 Bullenbruch, 12 Rummelsburger See NE shore, 13 Abteiinsel, 14 Osthafen, 15 Oberbaumbrücke,
16 Kupfergraben, 17 Humboldthafen, 18 Berlin-Spandauer Schiffahrtskanal, 19 Hohenzollernkanal, 20 Alter Berlin-Spandauer
Schiffahrtskanal, 21 Unterspree, 22 Alte Spree Spandau

µg/kg fw

northwest

southeast

y/n
Samping site

FIGURE 8
PCB congeners in eel from the Oder/Spree system from Zeuthener See to Unterspree, longitudinal profile 1996/2000.
Arithmetic means of all samples/samping point/year. According to primary data of SenStadt/FiA.
Catalogue of the sampling sites: 1 Zeuthenersee, 2 Dämeritzsee, 3 Seddinsee, 4 Langer See, 5 Großer Müggelsee, 6 mouth of the
Wuhle, 7 above Rummelsburger See, 8 Bullenbruch, 9 +10 Rummelsburger See, 11 below Rummelsburger See, 12 Bodemuseum,
13 Schloß Charlottenburg, 14 Schleuse Charlottenburg, 15 +16 power plant Reuter, 17 +18 Unterspree
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TABLE 3 - PCB production in the Deutsche Solvay-Werke in Westeregeln (GDR). According to [6].

year

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

Σ1955–64

t

60

70*

80*

90*

100*

100*

110*

120*

130*

140

1000

* estimated

TABLE 4 - PCB imports into the former GDR from 1972–1985. According to [6].

Jahr

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

Σ1972–80

t

725

1040

1030

1050

1220

1200

1140

1225

1135

1130

880

970

680

90

13 515

DISCUSSION AND CONCLUSIONS
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SEDIMENTS OF OSAKA BAY AND LAKE BIWA, JAPAN
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SUMMARY
We analyzed PCBs in sediment cores from Osaka
Bay (an industrial area), Lake Biwa (both suburban and
rural areas), and a background sampling area in Japan.
The historical trends in PCB levels nearly matched the
trends in Japanese PCB production. The deposition flux
of PCBs was in the order of Osaka Bay > Lake Biwa >
background sampling area. Principal component analysis
was applied to profiles of dioxin-like PCB congeners.
Two principal components were interpreted as the degree
of chlorination and the contribution of incineration byproduct, respectively.

KEYWORDS:
polychlorinated biphenyls (PCBs), sediment, historical trend,
deposition flux, principal component analysis (PCA), sources.

INTRODUCTION
Polychlorinated biphenyls (PCBs) are considered to
be environmental pollutants because of their persistence in

the environment [1 - 4] and their toxicity. In Japan, the
production of industrial PCBs (Kanechlor) began in 1954,
and their production and open use was prohibited in 1972.
Residues of PCBs used are still being stored today. Nonand mono-ortho-substituted PCB congeners (dioxin-like
PCBs) are referred to as dioxin-related compounds, since
their toxicity is similar to that of polychlorinated dibenzop-dioxins and polychlorinated dibenzofurans (PCDD/Fs)
[5, 6]. Well-known sources of dioxin-like PCBs include
those compounds released by the use or disposal of industrial PCB products or formed as byproducts during incineration processes [7 - 10]. Masunaga [11] estimated the
contribution of incineration to PCB-toxicity equivalent to
2,3,7,8-TCDD (PCB-TEQ) in sediment concentration as
an index of PCBs formed as incineration byproducts. In an
earlier study [12], we applied principal component analysis
(PCA) to PCB congener profiles of various samples, and
the principal components yielded were interpreted as
similarity to congener pattern of incineration byproduct
and the degree of chlorination. The purpose of the current
study was to obtain the congener-specific PCB profiles of
sediments from Osaka Bay and Lake Biwa, and to apply
PCA to these profiles with the aim of determining the
principal PCB sources in these areas.

Kako River
Surface sediment :
area B(1999) Kobe

Shira Pond, SR(1999)
and
Takanami Pond, TN(1999)
Lake Biwa

KB4(1999)

OS1 Yodo River
(2001)
Osaka
Yamato
River
OS2
KB1 (1997)
(1998)

KB3(1997)
KB2(1998)

Lake Biwa
BW2(1997) BW1(1998)

Surface sediment :
area A(2001)

Osaka Bay

Kino River

Otsu

Osaka Bay
Wakayama

sampling point of sediment core

10 km

BW3(1997)

Kyoto

samping area of surface sediments

FIGURE 1 - Sites of sampling of sediment cores and surface sediments.
Numbers in parentheses are the years of sampling.
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MATERIALS AND METHODS

trated and quantified by HRGC-HRMS. Sediment core
samples were dated by the 210Pb method [14, 15].

Sampling: The sampling sites are shown in Figure 1.
The northern part of Lake Biwa (sites BW1, BW2) is a
rural area. The southern part of Lake Biwa (site BW3) is
near a small town. The coastal areas at the mouth of the
Yodo River (sites OS1, OS2) are affected by activities in
Osaka, a heavily industrialized city with a large population. The coastal waters off Kobe (sites KB1 to KB4),
near the mouths of the Myohoji River and the Shinminato
River, are affected by activities in Kobe. We used Shira
Pond (SR) and Takanami Pond (TN) as background sampling areas, because they are located in mountainous
regions where there are no obvious pollution sources.
Surface sediments were sampled in area A and B in Figure 1. Sediment cores were taken by inserting an acrylic
resin pipe vertically into the sediment. Sediment cores
were sliced into 2-cm-thick disks. Surface sediments were
taken with a Smith-McIntyre grab sampler.

Total PCBs were analyzed as follows. KOH/
ethanol solution was added to the sediment sample and
heated. The solution was then mixed with hexane and filtered. Water was added to the filtrate and the hexane layer
was separated from the filtrate. The hexane layer was
cleaned up by silica gel column chromatography. The eluent
was concentrated and the total PCB was quantified by GCECD. The dioxin-like PCB congeners and the specific congeners were analyzed as follows. The air-dried sediment
sample was added to 13C12-labelled internal standards and
Sohxlet extracted with toluene. The cleanup procedure was
conducted as specified for PCDD/Fs [13]. The extracts
were concentrated and cleaned up by multilayer silica gel
column chromatography. The final extracts were concenAnalysis:

2000

0

10

20

30

0

RESULTS AND DISCUSSION
Historical trends: The vertical profiles of the total PCBs
and the PCB-118 in sediment cores are shown in Figure 2.
Only five cores of BW1, OS1, KB1, KB2 and KB4 had both
the total PCB and dioxin-like congener specific analytical
results. Historical trends in the sediment cores OS1 and
KB1 showed the same trend; PCB levels were very low
before 1940, peaked during the 1950s and 1960s, then
declined and reached a constant level. PCBs were produced and used from 1954 to 1972 in Japan. The historical trend in PCB levels in these cores therefore matched
the trend in PCB production. The same tendency has been
observed in other studies of sediment cores in Japan [16,
17], North America [18 - 21], and Europe [22, 23].

In contrast, no clear trends were seen on the total PCB
levels in cores BW1, BW2 and KB3. However, the PCB
levels in these cores were low (< 10 to 30 ng/g), and we
considered that no clear trends were apparent because of
the analytical uncertainties related to these low PCB levels.
High levels of PCB-118 congener are present in
PCB products [24], and the PCB-118 concentration can
be regarded as an alternative index to the total PCB
concentration. Vertical profiles of PCB-118 in sediment
cores are shown in the lower part of Figure 2. PCB-118
levels peaked in 1970 in core BW1, which showed no
clear trend in total PCBs. Core KB2 showed no clear
trend in either total PCBs or PCB-118, and the reason
for this is unknown.

Total PCBs concentration [ng/g-dry]
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FIGURE 2 - Historical trends in concentrations of total PCBs (top) and PCB-118 (bottom) in sediment cores.
In the graphs of total PCBs, the long-dashed line shows the limit of quantification (10 ng/g-dw) and an open circle means that the
measured value was below the quantification limit. In core KB4 the value of 1973 was not obtained owing to analytical problem.
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TABLE 1
Concentrations of PCBs in sediment core OS1 and in surface sediments in area A [ng/g-dw].
Core OS1
0~2 cm 4~6 cm 10~12 cm 18~20 cm 38~40 cm
Year
2000
1996
1989
1984
1957
33'44'-T4CB(PCB-77)
0.76
0.47
0.65
0.83
2.1
344'5-T4CB(PCB-81)
0.040
0.057
0.040
0.029
0.073
33'44'5-P5CB(PCB-126)
0.060
0.070
0.080
0.10
0.24
33'44'55'-H6CB(PCB-169) < 0.01
< 0.01
< 0.01
< 0.01 < 0.01
233'44'-P5CB(PCB-105)
1.1
1.2
1.1
1.2
2.5
2344'5-P5CB(PCB-114)
0.10
0.11
0.10
0.11
0.21
23'44'5-P5CB(PCB-118)
3.3
3.9
3.9
4.5
9.7
2'344'5-P5CB(PCB-123)
0.29
0.33
0.29
0.40
0.83
233'44'5-H6CB(PCB-156)
0.29
0.35
0.37
0.40
0.93
233'44'5'-H6CB(PCB-157)
0.070
0.083
0.083
0.10
0.25
23'44'55'-H6CBPCB-167)
0.57
0.67
0.67
0.79
2.0
233'44'55'-H7CB(PCB-189) 0.029
0.033
0.037
0.043
0.080

58~60 cm
1904
< 0.01
< 0.01
< 0.01
< 0.01
0.063
< 0.01
0.23
0.020
< 0.01
< 0.01
0.027
< 0.01

78~80 cm
1850
< 0.01
< 0.01
< 0.01
< 0.01
0.050
< 0.01
0.18
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

dioxinlike PCBs-TEQ

0.0068

0.0079

0.0089

0.011

3.2E-5

2.3E-5

22'33'44'5-H7CB(PCB-170)
22'344'55'-H7CB(PCB-180)
244'-T3CB(PCB-28)
22'55'-T4CB(PCB-52)
22'455'-P5CB(PCB-101)
22'344'5'-H6CB(PCB-138)
22'44'55'-H6CB(PCB-153)

0.59
1.2
5.9
2.3
4.2
2.8
3.1

0.72
1.5
8.1
2.2
4.7
3.2
3.6

0.77
1.6
4.8
2.9
4.9
3.4
4.1

0.95
2.0
6.1
3.4
5.2
4.1
5.1

1.8
3.4
12
16
12
9.2
10

0.026
0.050
0.65
0.57
0.67
0.22
0.29

0.019
0.029
0.50
0.49
0.57
0.17
0.12

0.44
0.78
5.0
3.4
3.8
3.5
3.3

4.7
11
26
31
28
23
22

0.33
0.62
3.3
2.3
2.9
2.0
1.7

1.0
2.0
11
8.8
8.1
6.0
6.4

0.71
1.6
3.5
2.5
3.2
2.7
3.1

0.032
0.066
0.33
0.42
0.70
0.22
0.27

0.58
5.0
26
27
23
13
4.8
1.3
0.26
0.086

0.38
4.5
34
30
26
15
5.8
1.4
0.18
0.083

1.0
8.5
22
27
27
17
6.3
1.6
0.25
0.11

1.2
10
28
35
30
20
8.0
2.0
0.29
0.12

2.1
18
57
140
68
42
13
2.7
0.43
0.19

0.18
0.72
3.2
3.4
2.9
1.1
0.19
< 0.01
< 0.01
< 0.01

0.11
0.64
2.4
2.6
2.3
0.82
0.12
< 0.01
< 0.01
< 0.01

0.27
4.5
21
30
21
13
3.0
0.58
0.084
0.041

3.9
18
110
320
150
100
39
9.9
1.5
0.58

0.51
6.8
17
17
15
8.2
2.4
0.53
0.091
0.045

0.91
11
46
85
44
27
7.5
1.6
0.24
0.15

0.65
5.2
15
23
17
13
6.1
1.7
0.22
0.065

0.090
0.67
1.4
2.2
3.1
1.2
0.28
< 0.01
< 0.01
< 0.01

340

12

93

750

68

M1CBs
D2CBs
T3CBs
T4CBs
P5CBs
H6CBs
H7CBs
O8CBs
N9CBs
D10CB
TotalPCBs

100

120

110

130

0.026

The PCB concentrations in the sediments of core OS1
sampled in 2001 are shown in Table 1. Only core OS1 has
been tried for the full congener specific analysis, which
targeted on the congeners of dioxin-like PCBs, congeners
present in PCB products at high levels, and the homologues distribution. Historical trends of each homologues
and congeners have the same trends as the total PCBs
(Figure 3), which were low before 1940, peaked during
the 1950s and 1960s, then declined and reached a constant level. The homologues of tri- to hexa- PCBs and the
specific congeners of PCB products such as PCB-28, -52,
-101, -138, -153, -170 and -180 had the same historical
behaviors. PCB-169 concentrations, which is the specific
congener of incineration sources, were all below the
quantification limit. PCB-TEQ in 1957 and 1984 were 26
and 11 pgTEQ/g-dw followed by 6-9 pgTEQ/g-dw after
the latter half of 1980s.

9.0

Surface sediment
No. 1
No. 2

No. 3

No. 4

No. 5

No. 6

0.32
0.023
0.038
0.035
0.94
0.10
1.8
0.16
0.23
0.048
0.42
< 0.01

2.6
0.069
0.13
< 0.01
1.7
0.17
6.6
0.50
0.67
0.16
1.4
0.046

0.54
0.027
0.052
< 0.01
0.73
0.069
2.5
0.23
0.30
0.067
0.53
0.031

0.037
< 0.01
< 0.01
< 0.01
0.090
< 0.01
0.26
0.023
< 0.01
< 0.01
0.017
< 0.01

(No. corresponds to the sampling point shown in Figure 5)

0.44
0.031
0.058
< 0.01
1.2
0.12
3.1
0.19
0.40
0.087
0.72
0.016
0.0066

6.2
0.23
0.38
< 0.01
9.8
1.1
23
1.8
2.6
0.54
4.4
0.13
0.044

0.0047

0.015

220

0.0058 4.1E-5

82

8.9

Comparison of deposition flux among regions. The
PCB deposition flux of the sediment cores (values obtained by multiplying the PCB concentration by the sedimentation rate) are shown in Figure 4. Sedimentation
rates were low in cores from the background sampling
areas (SR, TN). In core TN, the PCB level was 20 ng/g
from about 0 to 2cm depth (dated as 1988), and less than
10 ng/g in layers deeper than 2 cm (dated as before 1945).
The PCB levels in core SR were about 24 to 80 ng/g –
higher than in the cores from Lake Biwa. Because of low
sedimentation rates, the PCB deposition fluxes in core TN
were lower than those in the cores from Lake Biwa. The
deposition fluxes of the BW cores, which were sampled in
suburban and rural regions, were about 2 to 10 ng cm-2 y-1.
Those of the OS and KB cores, which were sampled in
urban regions, were higher, at about 10 to 100 ng cm-2 y-1.
The flux in the background area cores (SR and TN) was
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very low – below about 1 ng cm-2 y-1. Atmospheric bulk
deposition of total PCBs in Kyoto (urban city) were about
0.088 to 0.80 ng cm-2 y-1 [25]. These results suggest that
the contribution of atmospheric deposition of PCB flux
into sediments in urban regions is very little.

No. 1
No. 4

Horizontal profiles. Total PCB levels in surface sediments are shown in Figure 5. Both off the coast of Kobe
and in Osaka Bay, PCB levels in surface sediments near
the river mouths decreased with increasing distance from
the river mouths.

1000

No. 2
0~2 cm No. 5
layer
of OS1
No. 3

total PCBs

No. 6

100

PCB-105
PCB-77
PCB-167
PCB-156
PCB-123
PCB-114
PCB-157
PCB-126
PCB-81
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1
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FIGURE 3
Historical trends of PCB congeners in core OS1.
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0.1
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FIGURE 4
PCB deposition fluxes to sediment cores.

2000

FIGURE 5 - Horizontal profiles of PCBs in surface sediments. An open
circle means that the measured value was below the quantification limit.

Principal component analysis of PCB congener profiles.

PCA was applied to profiles of dioxin-like PCBs congeners
in the sediment samples. 2,3,4,7,8-pentachlorodibenzofuran
(23478PeCDF) was added to variables of PCA. It is
known that the ratio of 23478PeCDF to dioxin-like PCBs
is very low in Kanechlors, [24, 26] in comparison with
that in emission gas and ashes [10]. Therefore, the
23478PeCDF level can be regarded as an indicator of the
contribution of PCBs sourced from incineration byproducts. Fifteen congeners were considered on PCA: 12 congeners of dioxin-like PCBs, whose TEFs have been defined
by WHO [6], 2 di-ortho congeners (PCB-170 and -180),
and 23478PeCDF. The concentrations of each congener in
the sediment samples were converted to percentages of
the sum of 14 PCB congener concentrations, and these
percentages were used as variables. Sediment samples
whose concentrations of PCB-169 and 23478PeCDF were
both above the quantification limit were used as the data
of PCA (total: 60 data). Principal components were calculated from the correlation matrix.
The results of PCA are shown in Table 2. The eigenvector of the first principal component (PC1) was negative on tetra- and pentachloro congeners, and positive on
PCB-170 and 180. The PC1 score was correlated to the
mean chlorine number (Figure 6). From these results, PC1
was interpreted as the degree of chlorination. The second
principal component (PC2) was interpreted as the contribution of incineration byproduct, because the eigenvector
of PC2 was highly positive on 23478PeCDF. The eigenvectors of PC1 and PC2 are plotted in Figure 7. Here, the
plots of PCB-170 and -180; PCB-105 and -118; and PCB126, PCB-169 and 23478PeCDF are located close to each
other. This suggests that the congeners within each of
these groups show similar behavior. Because PCB-126
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and -169 were located near 23478PeCDF, they were highly likely to have been contributed by incineration byproduct. A similar result was obtained from PCA applied to
the results of the nationwide dioxin survey conducted by
the Environment Agency of Japan [27].

0.6

23478PeCDF
#169

0.4

#126
#77
#105 #81
0
#118

#157

PC2

0.2
TABLE 2 - Results of principal component analysis.

PC1
PCB-77
-0.210
PCB-81
-0.231
PCB-126
-0.276
PCB-169
-0.151
PCB-105
-0.323
PCB-114
-0.319
PCB-118
-0.315
PCB-123
-0.265
PCB-156
-0.228
PCB-157
0.157
PCB-167
-0.273
PCB-189
0.174
PCB-170
0.341
PCB-180
0.343
23478PeCDF -0.117
Eigenvector
Contribution
Cumulative
contribution

7.962
0.531
0.531

PC2
0.166
0.131
0.299
0.439
-0.003
-0.006
-0.055
-0.165
-0.161
0.144
-0.204
0.468
0.026
0.036
0.577

PC3
-0.304
0.146
-0.218
0.009
0.274
0.062
0.156
-0.369
0.470
0.575
-0.177
0.008
-0.095
-0.088
-0.000

2.513
0.168
0.698

1.758
0.117
0.816

-0.4
-0.4

4

Degree of chlorination

0
PC1

0.2

0.4

PCBs trends of sediment cores of industrial areas
were similar to the trend of commercial PCBs production
and usage. From congener patterns of dioxin-like PCBs, it
was suggested that the sources of PCBs in industrial areas
were due to commercial PCBs and pollution spread out
via atmospheric and water transport. Comparison among
the deposition fluxes indicated that the accumulation of
contaminants characterized the contamination level in
urban/industrial areas.
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SUMMARY
The residual concentrations and distribution of polychlorinated biphenyls (PCBs) were studied at different
levels of aquatic food web in the Danube River in Vojvodina: in water, sediment, two species of freshwater fish
(Cyprinos carpio and Esox lucions), marsh frogs (Rana
Ridibunda) and in eggs from three species of aquatic birds
(Aythya ferina, Sterna hirundo, N. nycticorax). Environmental samples were collected in 1995 and 2000 in order
to determine trends in changes of environmental concentrations of PCBs as a result of NATO intervention in
Yugoslavia in 1999. The consequence of uncontrolled
spills of transformer oil into the Danube resulted in elevated concentrations of PCBs in amphibians, such as
frogs (approximately 35% higher than in pre-bombing
period). PCB residues determined in birds’ eggs are lower
than those commonly associated with mortality and reduced reproductive success.

Polychlorinated biphenyls (PCBs) are POPs that
comprise a group of 209 distinct congeners that are prevalent environmental contamination worldwide. These mixtures of persistent chlorinated hydrocarbons were widely
used in industry due to their chemical inactivity, thermal
resistance, non-inflammability, low vapor pressure and
high dielectric constant. They were used as cooling liquids in electrotechnical industry, as additives in plastics
industry, carbon paper, dyes, lubricants, waxes etc. The
first regulatory restriction on PCB usage in Europe was
adopted in 1976 [2]. In many countries their use was limited to closed systems such as condensers and transformers,
in order to prevent their release into ecosystems. PCBs are
extremely stable in an ecosystem, and small amounts are
transformed biologically via OH mechanism. In spite of
their low volatility, they evaporate from soil and water and
bind to organic components of soil, sediment, biological
tissue or dissolved organic matter. Due to their solubility in
fats and oils, they are easily absorbed in adipose tissue.
It was own that toxicity of PCBs depends on the
number and position of chlorine atoms in a PCB molecule. In treatment of experimental animals by PCB mixtures the cumulative toxic effects were observed. Adverse
health effects to humans include birth defects, growth
inhibition of children, skin rashes, respiratory and immunological problems, disorders in central and peripheral
nervous system and liver.

KEYWORDS:
PCBs, aquatic ecosystem, bioindicators.

INTRODUCTION
Anthropogenic environmental changes have caused
serious deterioration of various natural ecosystems, as well
as range reductions and population declines of many wildlife species, and many species have become extinct [1].
Specific population declines may be linked to direct habitat modification, or environmental pollutants may directly
affect animal species. Persistant organic pollutants (POPs)
represent the most hazardous environmental toxicants due
to their ubiquity and long half-life, which provide longterm exposure and various chronic effects.

Coplanar PCBs can mimic the effect of dioxin as an
antagonist of the aryl hydrocarbon receptor [3], and the
similarity of certain congeners to biological ligands of
steroid nuclear receptors results in endocrine system disruption [4]. Aroclor 1242 and Aroclor 1254 have been
classified as substances for which there is evidence of
endocrine disruption in an intact organism. PCBs have
also been shown to alter specific systems by mechanisms
still undefined; these include the brain, blood leukocytes
and the pancreas [5].
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FIGURE 1
Malformations of limbs in frogs and beaks in birds as a results of exposure to PCB.

Endocrine-disrupting chemicals are considered to be
the main cause of decline and terratogenic malformations
in animals exposed to these toxicants (Fig 1). In 2001
Stockholm Convention totally banned the application of
PCBs, which should be eliminated from any use until
2007. Although no longer manufactured and applied only
with restrictions, PCB residues are still readily detectable
in polluted sites and are found widely in animal tissues
due to direct exposure or bioaccumulation.
It was shown that the PCB residues are abundant in
aquatic ecosystems. Monitoring of PCB concentration in
water, sediment and aquatic and terrestrial organisms is of
primary interest for determination of the level of pollution
of an aquatic ecosystem because of high bioconcentration
factors of PCBs and their bioaccumulation in flora and
fauna. Both amphibians and aquatic birds (eggs) are effective monitors of environmental pollution, since most of
their food comes from contaminated aquatic sources and
since the level of contamination is directly related to the
trophic level of the investigated organisms.
Therefore, the distribution of PCBs in the aquatic
ecosystem of the Danube River was investigated in Vojvodina (Northern Serbia).
MATERIALS AND METHODS
Sampling. All environmental samples were taken from
the Danube River and its banks at the locality of Novi Sad
in May 1995.
Water. Samples of surface water were taken from 5 localities downstream of Novi Sad (5 dm3 each). All samples were combined. Three samples, each of 1 l, were
taken for the analysis.
Sediment.

Samples of sediment were taken from the
above-mentioned 5 localities (0.5 kg each). Three samples
of the combined sediments, weighing 50 g each, were
taken for the analysis.
Fish. Samples of Cyprinus carpio (10 fish, aged ≥ 4)
and Esox lucius (10 fish, aged ≥ 3) were collected from
the different parts of the Danube River. For the analysis it
was taken 30 g of the back muscle tissue of the each fish.

Frogs. 20 individuals of Rana ridibunda species (age 1)
were collected from different localities along the banks of
the Danube River. All 20 livers of frogs were combined
and homogenized, and 3 samples of 1 g each were taken
for the analysis.
Eggs of aquatic birds. Eggs of species Aythya ferina,
Sterna hirundo, and N. nycticorax were collected (5 eggs
of each species). Yolks of eggs were combined for each
species and analysed.
Since in NATO aggression towards Yugoslavia
bombing oil refineries and electrical plants caused significant spills of transformers` oils with high PCB concentration into waterflows of the region, sampling of organsims fish and frogs, being the most sensitive bioindicators, was
repeated in Spring 2000 from the same locality in order to
determine the consequences.
Extraction and purification. Water samples were extracted by 3x50 ml of n-hexane. Extracts were combined,
evaporated to 10 ml and purified with concentrated sulfuric acid until discoloration.

Sediment samples were extracted by 50 ml of acetone:hexane (1:1) mixture on a magnetic stirrer for 24 h.
After evaporation till dryness, lipid residues were dissolved in 5 ml hexane and the cleanup procedure was
performed as described for water.
Biological material was extracted by 50 ml of the
methanol:chloroform:water (2:2:1) mixture. After evaporation of the solvent, the residue was dissolved in hexane
and the cleanup procedure was repeated.
The concentrations of PCBs were determined by gas
chromatography.
Parameters of gas chromatographic determination:

Instrument configuration: HP 6890 gas chromatograph
Working temperature: initial temp. 120 °C,
maximum temp. 310 °C
Column: Capillary column HP 19091J-416 HP-5
5% Phenyl- Methyl-Siloxane
Detector: ECD (Varian 3400)
Standard: EPA standard mixtures of 6 congeners (PCB-28,
PCB-52, PCB-161, PCB-116, PCB-153, PCB-180)
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RESULTS AND DISCUSSION
Results of gas chromatographic determination of residues of PCBs in samples of water and sediment from the
Danube (1995) are given in Table 1. The concentrations
of PCBs in samples of living organisms (fish, frogs and
bird eggs) from the Danube and the vicinity of the Danube are presented in Table 2.
TABLE 1 - Concentration of PCBs in
water and sediment from the Danube (1995).

Sample
Unit

Water

Sediment

µg/l

µg/kg

Concentration of total PCBs

0.050±0.002

2.550±0.050

Results indicate the pollution of the Danube water in
Vojvodina (0.051 µg/l). Adsorption of PCBs from water
to sediment due to their lipophylic characteristic and high
logPow coefficient (5.8-7.4) [6] resulted in 50 times higher concentration in sediment.
TABLE 2 - Concentration of PCBs in samples of fish, frogs
and eggs of aquatic birds from the Danube River (1995).

important role in aquatic and terrestrial food webs by acting
as both predator and pray. Characteristics of amphibian
physiology and natural history make them ideal bioindicators of the ecological state of an ecosystem [8]. Species
from genus Rana are very abundant in Middle, East and
West Europe and live in both still and running waters. They
inhabit an area in relatively large numbers; they live in
different water systems, thus allowing direct comparison.
Аll this makes them good bioindicators of terrestrial and
aquatic ecosystems and can provide an earlier warning than
other indicators [9]. Bioaccumulation on frogs collected in
1995 resulted in 17.61 µg/kg of frog livers.
The highest concentration of total PCBs in bird eggs
(17.8-25.1 µg/kg) is consistent with the fact that aquatic
birds are at the top of aquatic food chain. Aquatic birds
and their eggs are effective monitors of environmental
pollution, since most of their food comes from contaminated aquatic sources and since the level of contamination
is directly related to the trophic level of the investigated
organisms. Determined PCB residues are lower than those
commonly associated with mortality and reduced reproductive success. As population levels of the species studied are not declining, these contaminants appear to have
no significant adverse effect on reproduction in the bird
population studied.

Bioorganism

Species

Concentration of
PCBs (µg/kg)

Fish (back
muscle tissue)

Cyprinus carpio (4+)

9.20±0.70

Trends in changes of environmental concentrations of PCB

Esox lucius (3+)

28.45±1.60

Frogs (liver)

Rana ridibunda

17.61±0.95

Aythya ferina

25.10±1.70

Sterna hirundo

19.50±1.20

N. nycticorax

17.80±1.40

Results of gas chromatographic determination of
the PCB concentration in samples of fish and frogs sampled in 2000 is given in Table 4, and the comparison of
the results for living organisms sampled in 1995 and 2000
is given in Figure 2.

Aquatic birds
(eggs)

Concentration of PCBs in fish depends on the species, size, age, and fat concentration. Predator fish Esox
lucius contained three times higher concentration of PCBs
than non-predator Cyprinus carpio. The residual amount
of PCB in the fish from the Danube River is comparable
to PCB concentration in freshwater fish collected from the
region (Table 3).

TABLE 4 - Concentration of PCBs in samples
of fish and frogs from the Danube River (2000).

Bioorganism
Fish (back
muscle tissue)
Frogs (liver)

Country

Year of
sampling

Italy

1995

Range of PCB
concentration
(µg/g)
0.28-0.78

Croatia

1992

70-95000

Radakovic et al., 1992 [2]

Yugoslavia

1995

9.2-28.5

Vojinovic et al., 2001 [7]

Source
Vigano et al., 2000 [2]

Early stages of development in many amphibians occur
in aquatic environments, where toxins can be ingested in
contaminated food or absorbed by dermal contact.
Transport of PCBs through food web results in their bioaccumulation in frogs. Thus amphibians such as frogs play an
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Content of PCBs (µg/kg)

TABLE 3 - Concentration of PCBs in freshwater fish from Italy, Croatia and Yugoslavia.

Species

Concentration of
PCBs (µg/kg)

Cyprinus carpio

6.25±0.80

Rana ridibunda

26.92±1.40

30
25
20

1995
2000

15
10
5
0

Cyprinos
carpio

Rana
ridibunda

FIGURE 2 - Comparison between concentration of PCBs
in samples of fish and frogs collected in 1995 and 2000.
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The consequence of uncontrolled spills of transformer
oil into the Danube resulted in elevated concentrations of
PCBs in amphibians, such as frogs. The concentration of
PCBs in frog livers was determined to be approximately
35% higher than in pre-bombing period (Figure 2). However, the concentration in non-predator fish carp was
slightly declined, showing that frogs are more sensitive
indicators of pollution due to their shorter life-cycle and
both aquatic and terrestrial exposure.
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SUMMARY

are frequent [1, 2]. It is estimated that 99% of global PCBs
burden

Concentration of polychlorinated biphenyls (PCBs)
was determined in samples of water, sediment and fish
from open and closed freshwater and seawater aquatoria
in Serbia and Montenegro (the rivers Sava and Tisa and
the fishpond Ecka in Serbia, and the Boka Kotorska Bay
in the Adriatic Sea, Montenegro, at the point of Tivat and
Bigovo). After extraction and purification, content of
PCBs was determined by gas chromatography with electron-capture detector. PCBs residues were detected in all
investigated samples. Concentration of PCBs was found
to be generally larger in both abiotic and biotic samples
from seawater than in freshwater. Open sea aquatorium
was less polluted than the semi-closed Boka Kotorska
Bay. Distribution trends in freshwater ecosystem showed
the opposite – international rivers the Sava and the Tisza
were more contaminated than the closed ecosystem of a
fishpond, which is the consequence of their geographical
location, traffic and economical status.

KEYWORDS: Polychlorinated biphenyls (PCBs), GC/ECD, seawater, freshwater, biota.

INTRODUCTION
Polychlorinated hydrocarbons belong to a group of
global persistent organic pollutants that get into aquatic
ecosystems from atmosphere and various local direct and
indirect sources of pollution. Various data on water
quality of open and closed aquatoria indicate that incidents of pollution of the aquatic environment by PCBs

contaminates water basins, 0.3% is present in air and the
residue is equally distributed between sediment, plankton,
fish, amphibians and mammals [3].
Once PCBs get into water environment, dynamic equilibrium is established between water, sediment and aquatic
organisms. Low water solubility of PCBs results in their
low concentrations in both freshwater and seawater. Maximal concentrations rarely exceed 2 µg/l, or 1 µg/l in the
open sea. In unfiltered water samples, much higher concentrations were observed (up to 100 µg/l) [4]. PCBs were
detected in groundwater as well, which is the main source
of direct pollution of drinking water in industrial areas.
PCBs are removed from water mostly by adsorption
to the sediment particles [5]. Under the conditions present
in water, PCBs are stable and not decomposed in the
abiotic processes. Only congeners with 1-4 chlorine atoms
undergo microbial decomposition [6]. PCBs are rapidly
adsorbed on organic matter and sediments in rivers and
seas, thus making them secondary, long-term sources of
contamination of an aquatic ecosystem.
From water and sediment these hydrophobic organochlorine compounds are bioconcentrated in the organisms
of aquatic ecosystems in the process of bioaccumulation
and biomagnification. Concentration of PCBs in fish depends on its species, size, age, fat content, feed and the
pollution of an ecosystem. In fish caught in open sea PCBs
concentrations were in the range of 0.02-0.2 mg/kg, while
in waters with slower exchange of water, average content
of PCBs was 0.1-1 mg/kg fresh weight [3]. Concentrations of PCBs in freshwater fish caught in rivers in industrial regions were significantly higher than in seawater
samples [3].
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Determination of PCBs in aquatic ecosystems can also provide data on exposure of humans to these toxic
contami-

nants, being the top of the food web [7, 8].

FIGURE 1 - Sampling locations.

MATERIALS AND METHODS
Sampling

Samples of water, sediment and fish were taken from
5 localities (Figure 1):
• rivers Sava and Tisa (open freshwater aquatoria);
• fishpond Ecka (closed freshwater ecosystem);

• Boka Kotorska Bay (Adriatic Sea) at the point of
Tivat and Bigovo.

The Sava River is the international river, which has
a total length of 945 km and flows through Slovenia,
Croatia, Bosnia and Herzegovina, and Serbia and Montenegro. Along the 207 km of its flow through Serbia
and Montenegro it has a status of international navigable
river. The Sava River and its tributaries flow through
highly developed urban, industrial and agricultural parts
of the countries.
The Tisza River originates from Russia, and flows
through Romania, Hungary and northern part of Serbia,
where it flows into the Danube. Of the total surface of its
basin, agricultural area makes 42%. Many regulation activi-

ties resulted in the decrease of its length from 1419 km to
966 km. Rapid development of the industry and cities in
the last 50 years and the inappropriate water treatment
have caused degradation of the water quality. Organic
pollution originates mainly from municipal sewage systems, farms and food industries, and lead to irrepairable
damage long after the pollution has ceased.
Fish farm Ecka is situated near Zrenjanin, in Vojvodina, the agricultural northern part of Serbia and Montenegro, in the aluvial plain of Tisza and Begej Rivers. It
is an artificial pond, which is supplied with water from
Tisza River.
Boka Kotorska Bay is a part of the Adriatic Sea in
Montenegro. Due to its shape, it is a semi-closed static
ecosystem. The city of Tivat is in the inner part of the
Bay, while Bigovo is at the open sea, outside the Bay.
Extraction and cleanup

All environmental samples were taken in May 2000.
Freshfish samples were Cyprinus carpio and Esox lucius
(age 4-5), and seawater fish were Sargus annularis and
Mugil cephalus (two years old).
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Water. Samples of surface water were taken from
5 above-mentioned locations (3x2 dm3 at each locality).
They were extracted by 3x50 ml of n-hexane. Hexane
extracts for each sample were combined, evaporated to
10 ml and purified with concentrated sulfuric acid until
discoloration.
Sediment. Samples of sediment were also taken from
the above-mentioned 5 localities (0.5 kg each). Three
samples of the sediments, each weighing 50 g, from each
locality were taken for the analysis. Sediment samples
were extracted by 50 ml of acetone:hexane (1:1) mixture
on a magnetic stirrer for 24 h. After evaporation till dryness, lipid residues were dissolved in 5 ml hexane and the
cleanup procedure was performed as described for water.
Fish. Samples of Cyprinus carpio (10 fish, aged ≥ 4)
and Esox lucius (10 fish, aged ≥ 3) were collected from
the different parts of the Sava and Tisza Rivers and the
Ecka fishpond. Seawater fish Sargus annularis and Mugil
cephalus (10 fish of each species, two years old) were from
the Boka Kotorska Bay. For the analysis 30 g of the back
muscle tissue of each fish was taken. Fish samples were
extracted by 50 ml of the methanol:chloroform:water
(2:2:1) mixture. After evaporation of the solvent, the
residue was dissolved in hexane and the cleanup procedure was repeated.
The concentrations of PCBs were determined by gas
chromatography.
Parameters of gas chromatographic determination

Instrument configuration: HP 6890 gas chromatograph
Working temperature: initial temp. 120 °C,
maximum temp. 310 °C
Column: Capillary column HP 19091J-416 HP-5 5%
Phenyl Methyl Siloxane
Detector: ECD

Standard: Standard mixture of 6 congeners (PCB-28,
PCB-52, PCB-161, PCB-116, PCB-153, PCB-180)
RESULTS AND DISCUSSION
PCBs residues were detected in all investigated samples, which is the direct consequence of their high bioconcentration factor and water-octanol partition coefficient.
Results of determination of the content of PCBs in
samples of water, sediment and fish from freshwater and
seawater ecosystems are given in Tables 1 and 2., and in
Figure 2.
Concentration of PCBs in seawater ecosystem was
found to be generally larger than in freshwater, which is
explained by the fact that sea is the final recipient of terrestrial pollutants that rivers bring to it. Higher PCBs
content was found in samples from Tivat (Boka Kotorska), the half-closed bay, that extends deep into the
continent. The content in samples taken at the locality of
Bigovo was approximately 4 times higher for water, 3
times for sediment and 2-4 times for fish, depending on
the species, which is consistent with its position on the
shore outside the bay, under the influence of the open sea.
Distribution trends in freshwater organisms were quite
different – the closed system of fishpond Ecka was less
polluted than the open aquatoria of rivers Sava and Tisza.
However, this is explained by the fact that Ecka fishpond is
situated in an agricultural part of the country, with no tributaries to release the PCB load. Similar values of PCBs content in Ecka and the Tisza are the consequence of years of
practice to supply the fishpond with water form the Tisza in
the periods of droughts. Both predator and non-predator fish
in Ecka had approximately equal concentration of PCBs
(10.35 and 11.27 µg/kg, respectively), while concentrations
in fish samples taken from Tisza and Sava were 2 times
higher for non-predators and 3 times higher for predator
fish. High absorption activity of muddy sediment is the
cause of the lowest concentration of PCBs in the samples of
fish from the static aquatorium of Ecka fishpond.

TABLE 1 - Range of concentrations of PCBs in samples of water,
sediment and fish from open and closed seawater aquatoria.

Concentration of PCBs
(ng/l or ng/g)
Tivat (Boka Kotorska)

Water

Sediment

S. annularis

M. cephalus

0.53 - 0.60

3.34 - 4.23

36.94 – 38.24

46.46 – 51.14

Bigovo

0.13 - 0.18

0.96 – 1.51

16.82 – 22.42

9.85 – 14.65

TABLE 2 - Range of concentrations of PCBs in samples of water,
sediment and fish from open and closed seawater aquatoria.

Concentration of PCBs
(ng/l or ng/g)

Water

Sediment
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Ecka fishpond

0.01 - 0.02

1.87 – 2.45

8.15 – 12.14

10.73 – 12.25

Tisa

0.01 – 0.03

1.74 – 2.16

14.90 – 16.23

24.13 – 27.21

Sava

0.05 – 0.07

2.14 – 3.40

24.10 – 26.34

36.28 – 39.01
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FIGURE 2 - Average values for PCB concentrations
in seawater and freshwater open and closed aquatoria.

Bioconcentration factors for fish
1600

1502

1400
1200

894

1000

690

800

751
603

600

405
80

Tivat

Bigovo

Ecka

Tisza

E. lucius

C. Carpio

Water

E. lucius

1
C. Carpio

1
E. lucius

M.
cephalus

1
S.
Annularis

Water

M.
cephalus

1

Water

126

C. Carpio

84,8

1
Water

0

66,3

S.
Annularis

200

Water

400

Sava

FIGURE 3 - Bioconcentration of PCBs in the seawater and freshwater ecosystem.

The most polluted freshwater ecosystem was the Sava
River, being the large international river and flowing
through highly industrialized areas. The Tisza flows mostly through the Panonian plain, which is a predominantly
agricultural region; thus, the concentration of PCBs in its

water was 0.017 µg/l, while in the Sava this amounted to
0.062 µg/l.
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Distributions of PCBs in aquatic ecosystems are given in Figure 3. (expressed in relation to water; concentration in water is considered to be unity).
Bioconcentration indexes were higher in freshwater
fish up to the factor of 10. Largest bioconcentration was
observed in S. annularis from Tivat, which is consistent
with its feeding habits – this fish lives in bottom sea layers and feeds on the bottom sediments.
In Ecka fishpond, uptake of PCBs by fish is in accordance with the high bioconcentration factor and characteristics of the Ecka sediment. In the freshwater ecosystems, uptake of PCBs differed by a factor of 6-13. Predator fish E. lucius accumulates more than C. caprio of
approximately the same age. Small difference between
fish in Ecka is due to the way of feeding, resulting in
rapid growth and completion of the life-cycle in both
predator and non-predator fish under artificial conditions.
CONCLUSION
Dynamic equilibrium in the tricomponent system water-sediment-fish is shifted towards organisms. High content of toxic PCBs residues in the lipid fraction of biological samples is the direct consequence of hydrophobicity,
bioaccumulation and high partition coefficient of the
monitored compounds.
Concentration of PCBs was found to be generally
larger in both abiotic and biotic samples from seawater
than in freshwater samples. Open sea aquatorium was less
polluted than the semi-closed Boka Kotorska Bay.
Distribution trends in freshwater ecosystem showed
the opposite – international rivers the Sava and the Tisza
were more contaminated than the closed ecosystem of a
fishpond, which is the consequence of their geographical
location, intensive traffic and economical state of the
region.

128

© by PSP Volume 12 – No 2. 2003

Fresenius Environmental Bulletin

REFERENCES
[1]

D. Buzarov, M. Vojinovic-Miloradov, J. Adamov, P. Jurlina,
M. Segedinac, Determination of contamination by organochlorine insecticides and polychlorinated biphenyls in fish of
the shore part of the south Adriatic coast, 3rd International
Symposium and Exhibition of Environmental Contamination
in Central and Eastern Europe, Warsaw (1996)

[2]

D. Buzarov, M. Vojinovic-Miloradov, M. Segedinac, J.
Adamov, P. Jurlina, ecological state of Boka Kotorska Bay
on the basis of the content of organochlorine contaminants
residues, VII Intenational Congress of Ecology - INTECOL,
Florence, Proceedings, 67 (1998)

[3]

PCBs, PCDDs and PCDSs: Prevention and control of accidental and environmental exposure, Env. Health Series, 23,
WHO Regional Office for Europe, Copenhagen (1987)

[4]

M. Vojinovic-Miloradov, P. Marjanovic, D. Buzarov, S. Pavkov,
Lj. Dimitrijevic, M. Miloradov, Bioaccumulation of polychlorinated biphenyls and organochlorine pesticides in selected fish species as an indicator of the pollution of aquatic resources in Vojvodina, Serbia and Montenegro. Water Science
and Technology, 26, 2361-2364 (1992).

[5]

W.G. Page, Comparison of groundwater and surface water
for patterns and levels of contamination by toxic substances.
Environ., 17, 51-57 (1981)

[6]

J.C. Duinker, J.P. Boon, PCB congeners in the marine environment, In: Organic micropollutants in the aquatic environment, Bjorseth, A., Angeletti G., eds. Reidel Publ. Comp.,
Dordrecht, 187-205 (1986)

[7]

R. Kimbrough, Laboratory And Human Studies On Polychlorinated Biphenyls (PCBs) And Related Compounds. Environmental Health Perspectives, 59, 99-106 (1985)

[8]

P. Mendola, Consumption of PCB-contaminated Freshwater
Fish and Shortened Menstrual Cycle Length. American Journal of Epidemiology, 145(11): 955 (1997)

Received for publication: June 30, 2002
Accepted for publication: December 20, 2002

CORRESPONDING AUTHOR
Jasna Adamov
Institute of Chemistry
Faculty of Sciences
University of Novi Sad
21000 Novi Sad
SERBIA AND MONTENEGRO
e-mail: jasna@neobee.net
FEB/ Vol 12/ No 2/ 2003 – pages 121 - 126

129

© by PSP Volume 12 – No 2. 2003

Fresenius Environmental Bulletin

POLYCHLORINATED BIPHENYLS (PCBs)
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SUMMARY
Concentrations, composition profiles and biomagnification of polychlorinated biphenyls non-ortho (IUPAC
nos 77, 126, 169), mono-ortho (105, 114, 118, 123, 156,
157, 167, 189) and total PCBs were investigated in black
cormorants (Phalacrocorax carbo sinensis) breeding at
the coast of the Gulf of Gdańsk, Baltic Sea. Total PCB
concentrations in birds were in the range from 750 to
5200 ng/g wet wt ( from 19000 to 110000 ng/g lipid wt)
in the breast muscles and from 440 to 4200 ng/g wet wt
(13000 to 69000 ng/g lipid wt) in liver. Penta-, hexa and
hepta-CBs were dominating homologue classes both in
the muscle tissue and liver. PCB congeners nos. 201, 209,
172/192, 194 and 195 were characterized by the greatest
bioaccumulation factors (between 100 and 300). Principal
Component Analysis (PCA) has been used to analyse
accumulation pattern and interdependences among CB
congeners.

KEYWORDS: PCBs, planar PCBs, fish-eating birds, fish, bioaccumulation, biomagnification.

INTRODUCTION
Polychlorinated biphenyls (PCBs) are basically industrial chemicals composed of many isomers and congeners, which highly differ in toxicity, toxic effects and
persistency [1]. These compounds were first synthesized
in Germany at the end of nineteenth century, commercial
production began in 1929, but large-scale production
started in 1945 [2]. Because of their inflammability,
chemical stability and insulating properties, commercial
PCB mixtures were mainly used in many industrial appli-

cations, as dielectric oils in an electromagnetic equipment
such as transformers, capacitors, but also in plenty of so
called open system applications such as heat exchange
fluids, plasticizers, additives to sealants, coatings, printing
inks, carbonless copy paper, cutting oils etc. [2,3]. Chemical properties of PCBs also contribute to the persistence
of PCBs in the environment. In Western Europe and
North America PCBs production was banned in 1970s. In
Poland ban on PCBs was in 1976, in the former Czechoslovakia in 1984, while production in Russia continued
until the early 1990s [1, 2, 4].
The use of advanced analytical techniques led to
recognition of PCBs as an environmental pollutant in 1966
[5] and further their ubiquitous environmental occurrence,
including human and wildlife samples, as well as numerous
other environmental matrices [6]. PCBs are well absorbed
through intestinal tract of man and animals. They are also
absorbed via inhalation and dermal exposure and further
enter the circulation and transported throughout the body.
Initial distribution is to liver and muscles, which are highly
perfused; subsequently, PCBs, being highly lipophilic,
accumulate in lipid fraction of the cells and tissues, while
eliminated through metabolism, which takes place preliminarily in the liver [7]. Metabolism rates are generally lower
for congeners with high chlorine content, but substitution
position of chlorine is also important [7, 8].
An environmental or experimental exposure to PCBs
is associated with a wide array of toxic effects in animals
i.e. immunological disfunctions, hepatic, gastrointestinal,
hematological, dermal, body weight, endocrine, neurological, neurobehavioral, reproductive and developmental
disorders [1, 9, 10]. In birds, adverse effects include reproductive failure due to egg-shell thinning, high rate of
the embryos’ mortality, malformations in chicks, abnormal reproductive behavior, immunotoxicity and teratogenesis [11]. The fish eating birds like black cormorants
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(Phalacrocorax carbo sinensis) are characterized by low
activity of hepatic microsomal monooxygenases [12, 13],
which would enable them to bioaccumulate high concentrations of persistent organochlorine pollutants. Gurunge
et al. [13] reviewed recently data on concentrations of
PCBs and some chlorinated pesticides and adverse effects
in the species of the family Phalacrocoracidae. The cormorants were suggested as a suitable bioindicator for
monitoring of local contamination of the waterbodies with
organochlorines. The reproductive failure of several bird
species i.e. black cormorant (Phalacrocorax carbo sinensis), peregrine falcon (Falco perigrinus), double crested
cormorant (Phalocrocorax auritus), brown pelican (Pelicanus occidentalis), and osprey (Pandion haliaetus) has
been attributed to organochlorines contamination [14, 15].
Black cormorants breeding in the heavily with persistent
organic pollutants contaminated sedimentation area in the
Netherlands experienced a severely reduced breeding
success (14). The colonial, fish-eating water birds population of the Great Lakes region of North America, which
historically has been exposed to many toxic, halogenated
compounds experienced many adverse effects in embryos
and chicks, such as eggshell thinning, birth defects, deformities, tumors, behavioral changes etc. Furthermore
while concentrations of these contaminants have been
declining, effects, such as embryo lethality and birth defects, have persisted in colonial fish-eating birds [16].
The toxicity of PCBs are being assessed based on either total PCBs concentrations, selected indicative congeners, or 2,3,7,8-tetrachloro-p-dioxin equivalents (TEQs)
using toxic equivalency factors (TEF). The TEF model
for PCBs presupposes a common mechanism of toxic
action and additivity for the toxic effects of the individual congeners in the mixture and that PCBs act through
the same mechanism of action as polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). Furthermore, the approach assumes that
dioxin-like effect of PCBs is the critical toxic effect on
animals [1, 2]. Among a large number of PCBs intensively studied are the non-ortho substituted, however, are also
reported to induce toxic effects, such as neurobehavioral
changes, inhibition of intracellular communication and
induction of “phenobarbital-type”, which are non-dioxinlike toxic effects, caused by congeners with different
substitution pattern [1, 17].
Multivariate statistical technique of Principal Component Analysis (PCA) yields useful information from
sets of correlated data. Given many sets of similar data,
the method eliminates redundant information and retains
only the main features common to all the sets. Since its
initial application in psychology, the approach has been
applied to problems, which range from the interpretation
of ecological data to astronomical classification data.
Principal component analysis is a useful technique in
exploratory data analysis, being applied as a tool for the
identification of sources of polychlorinated biphenyls
pollution [18].

MATERIALS AND METHODS
Sample collection

Three dead adult black cormorants (Phalacrocorax
carbo sinensis) were collected by near-shore fishermen as
a by-catch during eel (Anguilla anguilla) fishing using a
line with hooks in the southwestern part of the Gulf of
Gdańsk, Baltic Sea in June 1992. Birds were collected
from hooks, up to 6 hours after their death, and received
fresh in laboratory for analysis. Birds originate from a
natural colony of approximately 10 000 individuals nesting along the southern coast of the Gulf of Gdańsk, near
the village Kąty Rybackie. The breast muscle and liver of
birds were selected and analyzed individually. The Gulf
of Gdańsk, Vistula Lagoon and Lower Vistula River are
the major feeding areas of the cormorants investigated.
The available data on the concentration of PCBs in fish
from Gulf of Gdańsk [21], as well as unpublished data,
were used to estimate the concentration of these compounds in food items of the cormorants. Due to their relative abundance in coastal waters of the Gulf of Gdańsk
fish species such as herring (Clupea harengus), eelpout
(Zoarces viviparus), lesser sand eel (Tobiasus tobiasus),
sand eel (Hyperoplus lanceolatus) and lamprey (Lamperta
fluviatilis), were considered to be the main prey species
for black cormorants in the area of the study. However,
there are no original data available on food composition
and feeding habits of those birds in the Gulf of Gdansk.
Black cormorants breeding in the area of the delta of the
rivers Rhine and Meuse in the Netherlands mainly fed on
cyprinids such as roach (Rutilus rutilus), and partly on
percids and eel (Anguilla anguilla) [14]. Excluding the
Puck Bay roach are actually rare in the southwestern part
of the Gulf of Gdańsk.
Sample extraction, clean up and PCB quantification

The analytical method used for determination nonand mono-ortho planar PCBs and total PCBs is a part of a
multi-residue procedure allowing the simultaneous quantification of many organohalogenated compounds and polynuclear aromatic hydrocarbons [19, 20]. A breast muscle
and liver of cormorants were used in this study. After
homogenisation of the sample with anhydrous sodium
sulfate (1:7; baked at 550ºC for 2 days), a powdered mixture was packed into a wide bore open glass column,
spiked with an internal standard (isotopically labelled
[13C12] CB congeners – PCBs nos. 77, 80, 118, 126, 153
and 169), extracted with 500 ml of a mixture of acetone
and n-hexane (2.5:1) followed by 500 ml of n-hexane and
diethyl ether (9:1), to obtain a fat extract. The solvents
were carefully evaporated on a water bath under vacuum
pressure using a rotary evaporator. Pure ethanol was than
added to remove azeotropically co-extracted water, also
under vacuum and using the rotary evaporator. Bulk lipid
removal was performed by means of the polyethylene
film dialysis method [20]. After dissolving the extracted
lipids in cyclopentane, dialysis through the polymeric
membrane was accomplished by changing the dialysate
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after 24, 48 and 72 h. The three dialysate fractions, containing normally between 1 and 10% of the original lipids,
depending on sample size and matrix type, were combined
and concentrated to a few millilitres using a rotary evaporator. The extract was split into two parts, of which 10% was
used for analysis of the bulk PCBs and other organochlorine pesticides, while 90% was used for the analysis of
planar compounds such as non- and mono-ortho PCBs,
polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and polychlorinated naphthalenes (PCNs) [19, 21].

tion and quantification of real samples. A procedural blank
was performed with every set of the real samples analysed.

To quantify bulk of PCBs the remaining lipid was removed on a Florisil column (35 cm length), and the analyte
was fractionated using n-hexane (28 ml; fraction 1), methylene chloride and n-hexane (15:85 v/v; 38 ml, fraction 2),
methylene chloride and n-hexane (50:50 v/v; 56 ml, fraction 3), and methanol (66 ml; fraction 4). The cyclodienes
were eluted in fractions 1 and 2, which were combined, and
dieldrin in fraction 3 and the solvent was evaporated in
room temperature and 13C12 labelled recovery estimation
standard (PCB no. 101) was added together with 30 µl of
tetradecane added as a keeper. Procedural blanks were
performed with every set of the real samples analysed,
which only contained minor residues of PCBs and hexachlorobenzene and were well below 10% of any calculated
value. The recoveries were generally between 60 and
120%, and the results were corrected for recovery values.

All statistical analyses were performed with computer
software Statistica version 5.1. Principal component analysis (PCA) is a technique of matrix algebra. It undertakes a
linear transformation of a set of numerical variables to
create a new variable set with principal components that
are uncorrelated and are ordered in terms of the amount of
variance explained in the original data without a priori
physical interpretation of the principal components [22].
Given a dataset with n variables, n principal components
can be computed. The principles of PCA are extensively
discussed elsewhere [23, 24] and have been used on number of occasions to characterize environmental samples
containing organochlorine residues [17, 25].

To quantify planar PCBs the extract was eluted
through a combined silica column (20 cm x 38 mm i.d.),
packed as follows from the bottom; glass wool, potassium
silicate (10 ml), a layer of neutral silica gel, 40% sulphuric
acid silica gel (20 ml), and layer of anhydrous sodium sulphate on the top. The gravimetric elution of non-ortho and
mono-ortho PCBs was done with 200 ml of n-hexane, and
40 µl of tetradecane was added as a keeper before evaporation of the solvent. The extract was then fractionated by
HPLC using on activated carbon column (Amoco PX-2;
2-10 µm, dispersed on LiChrospher RP-18, 15-25 µm).
Between the carbon column and the precolumn, a filter
valve (Valco Instruments Co. Inc., Tx) was mounted, enabling backflush of the column. The elution from the HPLC
carbon column was performed with 1% methylene chloride
in n-hexane for 7.5 min., solvent 1, and then gradient elution
up to 10% toluene for 32.5 min., solvent 2 (Budrick and
Jackson, Muskegon, MD) degassed with argon. Fraction
one, containing organochlorine pesticides and 2-4 ortho
PCBs is collected during the first 15 min., and fraction two,
containing mono-ortho PCBs, is collected between 15 and
40 min. The total volume of the solvents used was 160 ml,
and the flow rate was 4 ml/min. Non-ortho PCBs together
with PCNs, PCDDs and PCDFs were reverse eluted in
fraction three with 80 ml of toluene. The eluate was concentrated and spiked with (13C12 - 2,2´,4,5,5´-pentachlorobiphenyl; PCB no. 101) as recovery standard and evaporated to a final volume of 30 µl with tetradecane added as a
keeper. Isotopically labelled 13C12-non-ortho and monoortho PCBs were used to determine elution order, identifica-

Analysis and detection was accomplished using high
resolution gas chromatography/low resolution mass
spectrometry (HRGC/LRMS). The MS instrument, a
Fisons MD 800 coupled to a Fisons GC 8000 (DB-5
column, 60 m x 0.32 mm i.d. and 25 µm film thickness)
was operated in electron impact (EI) mode with selected
ion monitoring (SIM).
Data analysis

RESULTS AND DISCUSSION
Total PCBs

The concentration of all investigated chlorobiphenyl
congeners (including highly toxic non- and mono-ortho
members) in cormorants is given in Tables 1 and 2. The
total PCB concentrations in liver and breast muscle of
cormorants determined in the present study (Table 1) were
in the same range or greater than that reported for several
birds species from various locations of the world (Table 2).
Although the concentrations in liver (13000 to 69000 ng/g
lipid wt) were smaller than that reported in cormorants
showing reproductive impairment (around 100 000 ng/g
lipid wt) [26]. On the other hand, some authors reported
reproductive failures in black cormorant Phalacrocorax
carbo sinensis [14] and hard tissue malformations in double-crested cormorant Phalacrocorax auritus [27] due to
PCB concentrations between 1600 and 2100 ng/g, and
3600 and 7300 ng/g wet wt, respectively. The most striking
feature was relatively high load of total and non- and
mono-ortho PCBs in male than in investigated female
cormorant (Tables 1 and 3). All investigated specimens
were adult, but exact age remained unknown. It has been
reported that adult cormorants had significantly greater
concentrations of PCBs than juveniles and chicks [28, 29].
PCBs pollution probably has outcome of high area urbanization, especially if considered high level of congeners 101,
118 and 138 in fish diet of birds. Those congeners were
previously reported to be an indicators of pollution with
Aroclor 1254 [30, 31], what could suggests a fresh input of
PCBs in this area.
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Mean
5.9
0.44
0.12
3.6
0.14
0.39
22
1.0
27
5.7
0.38
0.06
0.80
6.3
85
11
0.73
9.9
250
86
1.33
0.14
1.6
3.3
7.3
74
380
0.89
340
66
49
0.09
0.06
17
180
60
0.39
1.0
32
18
20
290
2.6
130
1.2
4.0
2.6

SD
2.9
0.36
0.12
2.4
0.14
0.16
13
0.28
15
3.0
0.28
0.03
0.67
5.5
60
7.0
0.55
4.3
160
53
0.92
--0.14
1.3
2.4
8.2
82
305
0.76
270
53
43
0.06
0.04
20
215
67
0.35
1.0
36
19
25
340
2.7
150
0.57
4.9
3.2
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Liver
4.2
0.12
0.04
0.09
0.03
2.1
0.05
0.27
26
20
4.9
0.13
0.06
1.9
39
8.2
0.33
7.8
160
60
0.42
1.9
1.9
1.8
19
180
0.21
200
36
23
5.3
4.5
30
11
0.10
0.37
14
3.8
3.6
44
0.49
25
1.0
0.88
0.34

8.3
0.18
0.07
0.83
0.25
5.8
0.40
0.61
30
0.48
38
8.7
0.46
0.88
9.0
100
15
1.3
9.6
330
100
1.5
4.5
4.8
12
130
900
1.3
700
93
67
0.10
30
370
95
0.46
1.5
85
29
35
560
3.8
220
1.2
8.4
4.4

Cormorant 3

Cormorant 3
4.4
0.09
2.2
0.27
15
19
4.0
0.15
0.08
1.8
45
7.2
0.33
7.0
140
51
0.45
0.69
1.5
1.4
15
140
0.06
140
27
18
0.02
0.02
3.1
20
8.1
0.11
0.29
5.2
2.8
2.3
32
0.34
18
0.73
0.48
0.26

Cormorant 2

Breast muscle
3.3
10
0.29
0.94
0.12
1.7
7.0
0.14
0.28
0.62
12
40
0.75
1.3
13
48
3.3
9.9
0.21
0.78
0.03
0.09
0.70
1.7
3.0
14
40
170
5.1
21
0.35
1.5
6.8
16
130
470
46
160
0.93
2.6
0.14
0.73
3.4
1.8
6.7
1.6
19
18
190
190
810
0.70
1.9
170
720
30
140
18
110
0.17
0.07
0.04
0.11
4.1
45
28
480
16
155
0.18
0.89
0.33
2.5
7.2
82
5.6
44
2.9
56
71
780
1.1
6.4
27
340
0.87
2.0
0.71
11
0.47
7.2

PCBs in breast muscle
of cormorants

Cormorant 1

28/ 31
33
22
53
51
45
52
49
47/48
44
42
41/ 64/ 71/
72
74
70/ 76
66
56/ 60
88/ 95
91
84/ 89/ 92
101
99/ 113
97
85
110
123
118
105/ 127
136/ 148
151
135/ 144
149
134/ 143
146
132/ 153
168
141
138/
160/
163/ 164
158
128
156
179
176
178
182/ 187
183
185
174
177
171
172/ 192
180
193
191
170/ 190
202
200
197

Cormorant 2

PCB
congener
(No IUPAC)

Cormorant 1

TABLE 1 - PCB congener concentrations (ng/g fresh weight) in
breast muscle and liver of black cormorants from the Gulf of Gdańsk.

1.8
0.09
0.04
0.18
0.07
0.87
0.11
0.16
5.3
0.28
6.1
2.4
0.15
0.07
0.34
1.9
17
4.2
0.41
3.5
53
24
0.43
0.09
1.6
1.2
0.92
9.4
83
0.63
98
0.42
15
8.0
0.03
0.04
2.4
18
7.3
0.07
0.16
13
3.0
1.7
32
0.47
13
0.49
0.65
0.24

PCBs in liver
of cormorants

Mean
4.8
0.13
0.05
0.37
0.12
3.0
0.19
0.35
20
0.38
21
5.3
0.25
- –0.07
0.43
4.3
52
9.1
0.68
7.0
180
61
0.78
- –0.09
2.7
2.6
4.9
53
390
0.71
330
0.42
48
33
2.7
0.07
12
139
38
0.21
0.68
37
12
13
210
1.6
86
0.90
3.3
1.7

SD
2.68
0.04
0.01
0.33
0.10
2.1
0.15
0.19
11
0.10
13
2.6
0.15
- –0.07
0.34
3.3
35
4.5
0.4
2.6
110
31
0.51
- –0.09
1.3
1.6
5.0
55
370
0.45
260
0.42
33
25
2.6
0.03
13
163
40
0.18
0.59
34
12
15
250
1.6
95
0.3
3.6
1.9
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199
201
195
194
206
209
Total PCBs
Lipids (%)

4.2
1.8
6.3
0.02
0.39
880
4.8

0.12
93
28
74
1.9
3.0
5200
4.7
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0.07
2.9
0.96
2.5
0.03
0.17
750
3.9

0.10
33
10
28
0.65
1.2
2300
4.5

0.03
42
13
33
0.88
1.3
2100
0.40

0.17
4.8
1.5
3.8
0.79
0.21
960
4.5

57
18
45
6.5
3.3
4200
6.0

2.4
0.89
3.2
1.3
0.30
440
3.3

0.17
21
6.8
17
2.9
1.3
1900
4.6

0.17
25
7.9
19
2.6
1.4
1700
1.1

TABLE 2
Recent PCB concentrations (ng/g wet weight) and TEQs (pg/g lipid weight) in cormorants other birds from various locations.
Species

Location

Survey year

Organ/tissue

PCBs

TEQ

Reference

Black cormorant
Phalacrocorax
carbo sinensis

Netherlands

1970

Baltic Sea, Poland
Linth channel, Switzerland

1993

Evros delta, Greece
Lake Kerikini, Greece
Axios delta, Greece
Lake Prespa, Greece
Abberton reservoir, UK

1997

Lake Baiwa, Japan
Shinobazu pond, Tokyo, Japan

1993
1993-1994

Liver
Brain
Whole body
Breast muscle
Liver
Muscle
Egg
Egg
Egg
Egg
Egg (early stage)
Egg (late embryo stage)
Liver
Liver
Liver
Liver
Liver
Egg
Liver
Egg
Egg (yolk)
Egg (yolk)

78-510000
690-190000
310-460000
2300 (750-5200)
1900 (440-4200)
29 (8-51)1
16 (3-109)
36 (6-172)
48 (9-148)
80 (12-173)
781(85-7011)
811(145-1754)
2271*
5600 (1 300-16000)***
940 (780-1100)*
9100 (800-15000)**
40000 (18000-58000)***
8500 (5000-13000)
1500-3500*
2400
1500 ± 6603
2600 ± 15003

NA
NA
NA
2600 (1800-4100)
2700 (1600-4000)
5-16
NA
NA
NA
NA
NA
NA
NA
670 (120-1800)***
21 (11-34)*
410 (23-790)**
1900(400-4600)***
280(150-500)
42-220
NA
1.63,4
1.93,4

32
32
32
This study
This study
26
33
33
33
33
34
34
34
29
29
29
29
29
29
11
11
11

Common cormorant
Phalacrocorax carbo

1992-1993

Godaiba Island, Tokyo, Japan
1998
Danube delta, Romania
Pygmy cormorant
Phalacrocorax pygmaeus

Danube delta, Romania

1982
1997
1997

Double crested cormorant
Phalacrocorax auritus

Great Lakes, USA

1988

Eggs

3600-7300

350-12002

27

Kittwake
Rissa tridactyla

Hornøya, Norawy

1992

Black-tailed gull
Larus crassirostris

Nakdong River estuary, Korea

1992-1994

Liver
Brain
Fat
Subcutaneous fat

10-290
20-340
9500-21000
6700-270001

NA
NA
NA
NA

35
35
35
36

White-winged tern
Chlidonias leucopterus

South India
South India

1995

Whole body homogenate
Whole body homogenate

550 (210-850)
190-890

NA
322

37
38

Little ringed plover
Charadrius dubius

South India

1995

Whole body homogenate

210 (40-640)

NA

37

Common redshank
Tringa totanus

South India

1995

Whole body homogenate

90 (40-210)

NA

37

Black-crowned night heron
Nycticorax nyctiocorax

Middle Island, Delaware Bay, USA
Pea Patch Island, Delaware Bay, USA

1997
1997

Embryos
Embryos

420 (100-940)
1200 (280-6100)

NA
NA

39
39

White-cheeked tern
Sterna repressa

South India

1995

Whole body homogenate

2700 (430-4400)

NA

37

White-tailed sea eagle
Haliaeetus albicilla

Poland

1982-1990

Breast muscle

4 600- 480 000

690-72 000

40

Adélie pinguin
Pygoscelis adeliae

Terra Nova Bay, Ross Sea

1994

Liver

100 (56-190)

21

41

South polar skua
Catharacta maccormicki

Terra Nova Bay, Ross Sea

1994

Liver

1100 (900-1700)

240

41

134

© by PSP Volume 12 – No 2. 2003

Fresenius Environmental Bulletin

Herring gull
Larus argentarus

Baltic Sea, Poland

1975-1976

Liver
Liver
Pectoral muscle
Pectoral muscle
Adipose tissue

6300000-14000000
40000-300000**
8000000-11000000**
38000-350000**
29000-60000**

NA
NA
NA
NA
NA

42
42
42
42
42
42

Common gull
Larus canus

Baltic Sea, Poland

1975-1976

Liver
Adipose tissue

11000-41000
20000-47000

NA
NA

Black-headed gull
Larus ridibundus

Baltic Sea, Poland

1975-1976

Liver
Adipose tissue
Pectoral muscle

580-450000
10000-60000
24000-410000

NA
NA
NA

42
42
42
42

Little gull
Larus minutus

Baltic Sea, Poland

1975-1976

Liver

32000-53000

NA

42

42
42
42
42

NA – not analysed, *chick **juvenile, ***adult, 1fat weight 2 wet weight 3dry weight 4TEQs of mono and non-ortho substituted PCB

%

49

Black Cormorant 1
breast muscle

%

49

Black Cormorant 1
liver

29

26
19

15

0.37

3.6

5.6

1.6

%

%

Black Cormorant 2
breast muscle
39

38

0.1

Black Cormorant 2
liver

46
34

16

0.19

1.3

0.46

14
4.2

2.1

%
46

0.21

0.1

Black Cormorant 3
breast muscle

3.2

2.0

%

50

0.2

0.1

Black Cormorant 3
liver

34
24

21

1.8

0.29

0.1

nona-CB

deca-CB

hepta-CB

hexa-CB

3.5
penta-CB

tri-CB

deca-CB

0.43
nona-CB

octa-CB

hepta-CB

hexa-CB

penta-CB

1.1

tetra-CB

5.4
tetra-CB

tri-CB

0.59

octa-CB

12

FIGURE 1
Profile (%) of homologue groups in breast muscle and liver of black cormorants from the Gulf of Gdańsk.
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25

Black Cormorant 1
breast muscle

20

15

10

5

0

Black Cormorant 2
breast muscle

15

10

5

0

20

Black Cormorant 3
breast muscle

15

10

5

0

FIGURE 2
Profile (%) of chlorobiphenyl congeners in breast muscle of black cormorants from the Gulf of Gdańsk.
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Black Cormorant 1
liver

20

15

10

5

0

Black Cormorant 2
liver

20

15

10

5

0

Black Cormorant 3
liver

20

15

10

5

0

FIGURE 3
Profile (%) of chlorobiphenyl congeners in liver of black cormorants from the Gulf of Gdańsk.
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PCBs homologue classes

The profiles of chlorobiphenyl homologue groups in
breast muscle and liver of cormorants are given in Figures 1-3. Individual PCB congeners exhibit different
physicochemical properties that result in different profiles
for environmental distribution and toxicity. PCBs have
low water solubility, which decreases with increasing degree of chlorination e.g. the water solubility of monochlorobiphenyl congeners are in the range of 1 to 5 g/l, but
that of decachlorobiphenyl is only 0.015 mg/l [1], which
could influence the bioavaibility and depuration pattern in
organism. The pattern of homologue groups is roughly
similar in liver and breast muscle of black cormorants and
penta-, hexa and heptabiphenyls are most abundant homologue groups (Figure 1). The penta-, hexa and heptabiphenyls comprised over 90% percent of the total PCBs
in breast muscle and liver of cormorants and were followed by octa- and tetrachlorobiphenyls. When compared
to a fish diet tetra- and pentachlorobiphenyls are much
less abundant, while hepta and octachlorobiphenyls are
bioaccumulated (Figure 4). These results indicating – as
previously reported - an enrichment of higher chlorinated
members in adult cormorants [29] and suggest greater ca-

pacity to depurate lower chlorinated PCBs resulting in a
proportion increase in the more chlorinated compounds
within organism [39, 43, 44].
Chlorobiphenyl congener composition

The PCB homologue and fingerprints in breast muscle and liver of cormorants, and their potential food items
are shown in Figures 1 and 2, respectively. The total PCB
concentrations ranged from 750 to 5200 ng/g wet weight
(19000 - 11000) in breast muscle and from 440 to 4200
(13000 to 69000 ng/g lipid wt) in liver. The pattern of
individually resolved PCB peaks differs somewhat between black cormorants and fish. In fish major PCB congeners are nos. 132/153, 138/160/163/164, 180, 118,
182/187 and 170/190, while in cormorants congeners no.
101 and 110 which are prone to metabolism (Figure 5),
are much less abundant.
TCDD TEQs of non-ortho and mono-ortho PCBs

The 2,3,7,8-TCDD toxic equivalent factors (TEFs)
were used for risk assessment and the estimated 2,3,7,8TCDD toxic equivalents’ (TEQ) values in cormorants are
presented in Table 3.

Fish

44
39

9

7
0,3

0,4
47

<0,1

<0,1

Black Cormorant
liver
29

18

0,3

3

3

0,2

0,1

Black Cormorant
breast muscle

41

33

20

0,3
3Cl

3

3
4Cl

5Cl

6Cl

7Cl

8Cl

<0,1

0,1

9Cl

10Cl

FIGURE 4
Pattern (%) of PCB homolouge groups in fish and black cormorants from the Gulf of Gdańsk.
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28/31
33
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53
51
45
52
49
47/78
44
42
41/64/71/72
74
70/76
66
56/60
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99/113
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110
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151
135/144
149
134/143
146
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168
141
138/160/163/164
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179
176
178
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185
174
177
171
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180
193
191
170/190
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200
197
199
201
195
194
206
209

5
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28/31
33
22
53
51
45
52
49
47/78
44
42
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70/76
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149
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146
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180
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191
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200
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199
201
195
194
206
209
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%

20

Fish

15

%

20
10

Fish

155

%

10
200

Fish

5
15
20

Black Cormorant
liver

0
10
15

205
10

Black Cormorant
liver

150
5

100
20

Black Cormorant
liver

5
15
20

Black Cormorant
breast muscle

0
10
15

205
10

Black Cormorant
breast muscle

150
5

Black Cormorant
breast muscle

FIGURE 5
Pattern (%) of PCBs in fish and black cormorants from the Gulf of Gdańsk.
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Breast muscle
Non-ortho PCBs
77
6.4
4.6
126
14
34
169
0.88
4.4
Mono-ortho PCBs
105
820
2700
114
43
160
118
2100
7400
123
86
170
156
440
900
157
99
550
167
370
2000
189
24
290
Total
18000 111000
PCBs
TEQs
1900
4100
(l.w.)
TEQs
4.2
12
(w.w.)
Lipids (%)
4.8
4.7

Mean

SD

Cormorant 3

Cormorant 2

Non- and mono-ortho PCBs in
breast muscle of cormorants

Cormorant 1

Cormorant 3

Cormorant 2

PCB
congener
(No IUPAC)

Cormorant 1

TABLE 3 - Concentrations of non- and mono-ortho coplanar congeners and total PCBs (ng/g lipid weight)
and their total TCDD TEQs in breast muscles and liver of black cormorants from the Gulf of Gdańsk.

Liver

Non- and mono-ortho PCBs
in liver of cormorants
Mean

SD

2.3
14
1.1

4.4
21
2.1

1.7
9.4
1.6

2.3
21
2.1

3
35
5.3

4.3
12
0.97

3.2
27
2.8

0.83
9.5
1.8

1300
63
3000
110
710
160
470
27
19000
1800
3.8
3.9

1600
89
4200
120
680
270
950
110
49000
2600
6.7
4.5

800
51
2300
35
190
200
746
130
44000
1061
3.8
0.4

850
82
3200
220
300
45
820
5.2
21000
2400
6.0
4.5

1600
89
4600
100
1400
260
1000
140
69000
4000
13
6.0

760
30
1500
68
310
69
280
18
13000
1600
2.5
3.3

1100
67
3100
130
670
130
700
54
34000
2700
7.2
4.6

380
26
1300
65
520
96
310
61
250
1000
4.4
1.1

In this study we decided to calculate the TEQ values
by multiplication with the TEFs proposed by Safe [31] to
get useful basis for better comparability with literature.
The mean total 2,3,7,8-TCDD toxic equivalents (total
TEQs) were in the range of 3.1-81 pg/g on the lipid weight
basis (0.15-3.1 pg/g on the wet weight basis) and have
apparently similar or an order of magnitude higher values
when compared with TEQs estimated for birds from industrialized areas of the world (Table 2), but a much greater
TEQs were reported as well, e.g. 12 000 pg/g lipid wt for
eggs of cormorants [27]. Nevertheless, TEQ values observed in investigated birds were smaller than these
reported to produce significant embryo mortality in
cormorants exceeding 300-500 pg/g TEQs dioxin equivalents [33].
Bioaccumulation

The bioaccumulation potential by black cormorants
of PCBs present in fishes is shown in Figure 6. Comparison of values of total PCB content in birds with the levels
detected in fish diet of cormorants allowed a calculation
of a bioaccumulation factor (BAF). The lipid adjusted
BAFs were approximately up to 300 in the breast muscle
and 150 in liver of cormorants. The most biomagnified
PCBs in the cormorants are congeners no. 201, 209, 194,
172/192, 194, 195, 182/187, 200 and 197 (Figure 6).
The bioaccumulation behaviour of the most toxic coplanar congeners: non- and -mono-ortho PCBs is of par-

ticular interest. The concentration of these congeners is
not significantly increased with higher trophic levels
when compared with total PCB content. However the
contribution of some coplanar congeners relative to the
total PCB content was higher in cormorants than in their
fish diet. Two of non-ortho PCBs, no.77 and 126, are
metabolized by the black cormorants but only no.169 is
bioaccumulated, while all mono-ortho PCBs are apparently bioaccumulated by those birds. It could be concluded
that, while pattern of the remaining congener is roughly
similar in cormorants and their prey, the coplanar PCBs
have slightly higher tendency for bioaccumulating
through food chain. In general, increasing chlorination
decreases the rate of metabolism, although substitution
pattern rather than the extent chlorination appears to be
the principal structural determinant of biotransformation
eg. in herring gulls (Larus argentatus) greater BMFs were
observed for PCB congeners with no vicinal unsubstituted
with chlorine carbons than for meta-para unsubstituted
congeners [45].
Principal Component Analysis

To compare the concentrations and distribution of
PCB among investigated birds and intercorrelations between congeners Principal Component Analysis (PCA)
was performed.
Correlation matrix was computed for sixty-three original PCB (variables) included by principal component
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method. The correlation matrix shows that a certain degree of relation exits between some congeners. Absolute
value of the correlation coefficient for some congeners
exceeds 0,9. The number of components was chosen with
the Kaiser criterion - only factors with Eigenvalues greater than 1 has been retained [46 – 48]. The percentage of
variance that was mapped to each component after PCA is
shown in Table 4.
The PCA model of data matrix explained 81 % (58% +
15 % + 4% + 4%) of the variation by the first four principal components. Factor matrix obtained after Varimax
rotation indicates strong correlations between principal
components and congeners.

28/31
33
22
53
51
45
52
49
47/78
44
42
41/64/71/72
74
70/76
66
56/60
88/95
91
84/89/92
101
99/113
97
85
110
123
118
105/127
136/148
151
135/144
149
134/143
146
132/153
168
141
138/160/163/164
158
128
156
179
176
178
182/187
183
185
174
177
171
172/192
180
193
191
170/190
202
200
197
199
201
195
194
206
209

B A F

B A F

The factor loading shows that the first PC (PC1) is
strongly (absolute loadings value > 0.070) influenced by
variables describing the congeners nos. (according to
IUPAC): 28/31, 52, 47/48, 41/64/71/72, 74, 66, 56/60,
88/95, 84/89/92, 101, 99/113, 85, 110, 123, 118, 105/127,
149, 134/143, 146, 132/153, 138/160/163/164, 128, 156,
178, 182/187, 183, 185, 177, 171, 172/192, 180, 170/190,
202, 200, 201, 195, 194, 209, 126, 105, 114, 118, 157,

167 and 189. The second PC (PC2) is strongly influenced
by the congeners nos.: 136/148, 141, 169 and 123. The
third PC (PC3) was influenced by negatively correlated
congeners nos. 197 and 77. Figure 7 shows graphically
the interdependences among chlorobiphenyl congeners in
the factor space. The members of most abundant homologue groups of penta- hexa and heptachlorobiphenyls
(including non- and mono-ortho coplanar congenrs) with
magnitude of highly bioaccumulated congeners e.g. nos.
118, 132/153, 138/160/163/164, 170/190, 180 and 182/187
cluster together in relation to first principal component
PC1. Non-ortho coplanar congener no. 169 as well as
mono-ortho coplanar congener no.123 (in relation to PC2)
seem to play most important role in separation of congeners
in the space of first and second principal component. This
configuration of cluster intercorrelations could be explained by differences in bioaccumulation and biotransformation of certain groups of chlorobiphenyls resulting
from substitution pattern e.g. in group of congeners
associated with PC1 we can find congeners (e.g IUPAC
No. 153, No.180), which had only ortho-meta vicinal H
position and not meta-para H vicinal positions and has
been regarded as persistent [49].

FIGURE 6 - BAF values of PCBs in liver and breast muscle of black cormorants.
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Metabolism appears to be an important elimination process in birds for specific congeners. Norstrom et al. reported
that PCB plasma clearance averaged 0.3 L kg –1 day –1 for
PCBs with unsubstituted meta-para positions, independent
of chlorination (4 to 7 chlorines). Chlorobiphenyl congeners
with no adjacent unsubstituted meta-para positions were
eliminated very slowly (mean 0.047 L kg –1 ·day –1) [50].
Biotransformation of PCBs in avian species occurs by
initial P450 mediated insertion of a single molecule of
oxygen and congener oxidation is favored by the presence
of two vicinal unsubstituted carbon atoms and orthochlorine substitution [45]. In group associated with PC1 we
can also find those less persistent congeners (e.g nos. 101,
110 and 151) possessing meta-para vicinal H atoms. We
can observe very interesting separation of non-ortho substituted congener no. 77 in the space of principal components
(associated with PC3). Generally hydroxylated metabolites
of PCBs are considered to be nontoxic because they are
expected to have low affinity to Ah receptor and are less
persistent than the parent molecule. However, metabolites
of 3,3´,4,4´–tetrachlobiphenyl (no. 77 according to IUPAC)

may be toxic for birds, since the metabolite binding to the
transport protein transthytherin altered thyroid hormones
and vitamin A concentration, which has been observed in
rodents [45], and it also has been reported as one of three
congeners (with congeners nos. 126 and 105) with greater
toxic impact in cormorant liver [29].
Considering loading plots corresponding to score
plots (Figure 8) we can assume which congeners were
responsible for the separation between organs and particular specimens of birds. Male (Cormorant 2) differs from
females (Cormorant 1 and 3) in relative levels of most
toxic non, mono- and di-ortho coplanar PCBs and possessed the greatest value of calculated TEQ. Chlorobiphenyls are maternally transferred to eggs when yolk
lipids are deposited in the developing egg. Lemmetyinen
et al. reported that even up to 45% of maternal PCBs
could be transported to the egg [51]. On the other hand
differences in PCB body burden between two examined
females suggest that the PCB pattern is influenced by
individual dietary factors rather than only sex.

TABLE 4
Percentage of variance explained by principal component PC1-PC4 in Principal Component Analysis.

PC1 (V%)

PC2 (V%)

PC3 (V%)

PC4 (V%)

Total

68.012
38.767

9.456
5.390

5.475
3.121

3.020
1.721

85.963
48.999

Included PCBs
Eigenvalues*
*minimum eigenvalues is 1.00

1.4

1

136/148

123

141
74

0.6

114

Factor 2

197
70/76

0.2

209

77

135/144

174

191

185
156

-0.2

-0.6

126

66
28/31
47/48
41/64/71/72
132/153
88/95
52
84/89/92

206
169

-1

-1

-0.6

-0.2

0.2

0.6

1

Factor 1

FIGURE 7 - PCA variable loading plot of PCB congeners (the numbers on the plot refer
to the PCB numbers according to IUPAC) in black cormorants from the Gulf of Gdańsk.
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Breast muscle 2
Breast muscle 3
Liver 3
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FIGURE 8
PCA object score plot of PCBs concentrations in black cormorants from the Gulf of Gdańsk.

The findings of this study show that a certain amount
of polychlorinated biphenyls still persists in cormorants
from one of the Baltic coast’s colonies, and based on data
taken from the literature their levels could be expected to
produce adverse effect on the reproduction of those birds.
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LEVELS AND SEASONAL VARIATIONS OF POLYCHLORINATED
BIPHENYLS IN AMBIENT AIR, ZAGREB, CROATIA
Snježana Herceg Romanić, Blanka Krauthacker
Institute for Medical Research and Occupational Health, Ksaverska c. 2, POB-291, 10001 Zagreb, CROATIA

SUMMARY
Levels of six PCB congeners (PCB-28, PCB-52,
PCB-101, PCB-138, PCB-153, PCB-180) in the ambient
air were continuously monitored for 9 months in Zagreb
between June 1999 and February 2000. All the analysed
PCB congeners were found in all 47 air samples collected except PCB-180, whose presence was determined in
30 samples. Median concentrations were 35.7 pg/m3
(PCB-28), 12.5 pg/m3 (PCB-52), 14.2 pg/m3 (PCB-101),
5.5 pg/m3 (PCB-138), 4.4 pg/m3 (PCB-153) and 1.8 pg/m3
(PCB-180). The comparison between PCB median concentrations in air samples collected at the same place in
1997 and this study shows that the levels of all six congeners slightly decreased. Pronounced seasonal variations of
all six PCB congeners was observed, with higher levels in
warmer than in colder seasons. When the temperatures
were above 10 oC the sum of six PCBs was between 30.6
and 577.8 pg/m3 and when they were below 10 oC, the
sum of six PCBs was between 10.7 and 71.0 pg/m3.

KEYWORDS:
PCB, organochlorines, air pollution, ambient air levels.

INTRODUCTION
Polychlorinated biphenyls (PCBs) are lipophilic, organic compounds used in many commercial applications
because of their physico-chemical properties. Their usage
is restricted due to their wide distribution and persistence
in the environment, toxicity, and the tendency to concentrate in the food chain. PCBs may enter in the environment by leaking from equipment containing PCBs and/or
by combustion of industrial or municipal waste [1].
Air is directly exposed to PCB pollution and plays a
major role in their environmental distribution and fate.
The levels of PCBs in air are influenced by factors such
as proximity of pollution sources and meteorological
conditions.

The aim of this work was to investigate the levels of
six indicator PCBs (PCB-28, PCB-52, PCB-101, PCB138, PCB-153, PCB-180; IUPAC numbering system) in
the ambient air of Zagreb, Croatia over a nine month
period. The data were analysed with respect to the influence of air temperature on their levels. The data obtained
were also compared with earlier published results from
the same site [2].
MATERIALS AND METHODS
Air samples were continuously collected from June
1999 to February 2000 in the northern part of Zagreb, Croatia. Forty-seven air samples, each approximately 1000 m3,
were collected by using high volume sampler (flow rate ≈
14 m3/h). The samples were collected on quartz fibre filters
and polyurethane foam (PUF) plugs. Meteorological data
were obtained from the Meteorological and Hydrological
Service of Croatia.
The quartz fibre filter and PUF plugs were Soxhletextracted for 12-hrs with 650 ml of 5% diethyl ether in nhexane. The extracts were reduced to ≈ 5 mL using a
rotary evaporator. The concentrated extracts were treated
with sulphuric acid and the organic layer was evaporated
to dryness under a gentle stream of nitrogen. Method
blanks which included sampling sorbents, were checked
at a frequency of one blank for about 5 samples. No interfering impurities were detected. The details of the method
were described earlier [2].
The prepared samples were analysed on a highresolution gas chromatograph “ATI Unicam” 610 Series
equipped with electron capture detector (HRGC-ECD).
Compounds were separated on two capillary columns
0.25 mm I.D 0.25 µm film thickness (“Supelco” USA); the
first column was 30 m long with SPB-1701 stationary
phase, and the second column was 60 m long with SPB-5
stationary phase; the carrier gas was nitrogen; the column
temperature programme started at 100 oC (second column)
and 110 oC (first column) with ramp 4 oC/min and 240 oC
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for 50 min isothermally; the injector temperature 250
o
C;
TABLE 1 - Method recoveries at three concentration levels.

LEVEL 1
PCB-28
PCB-52
PCB-101
PCB-138
PCB-153
CB-180

x
86
83
72
80
77
72

LEVEL 2
RSD
44
50
25
29
37
40

x
60
56
69
66
71
62

LEVEL 3
RSD
31
35
15
34
33
38

x
71
55
72
99
80
59

RSD
21
24
24
19
32
32

x – mean recoveries (%); RSD – relative standard deviation (%)

and the detector temperature was 270 oC. The external
standard was used for qualitative and quantitative analysis
of the HRGC-ECD measurements. The standard solutions
of PCB congeners in isooctane (35 µg/mL) were purchased
from “Campro Scientific”, Veenendaal, Netherlands.
The recovery of the method was determined by the
addition of known amounts of analysed compounds to
PUF and quartz fibre filter paper prior to extraction at
three fortification levels: 0.93 – 1.40 ng, 4.65 – 7.00 ng,
18 – 21 ng, which equaled to 0.93 – 1.40 pg/m3, 4.65 –
7.00 pg/m3, 18 – 21 pg/m3 when the air sampling volume
is 1000 m3 (Table 1).
The determination limit was calculated using the peak
height to baseline noise ratio of a particular analyte in the
air sample chromatograms ≥ 3 and the determination limit
in the air samples was 0.5 pg/m3.

RESULTS AND DISCUSSION
Concentrations of PCBs

All analysed compounds were found in all samples, except PCB-180, whose presence was determined
in 30 samples. The range and median concentrations
of PCBs in 47 samples are given in Table 2. The concentrations of the six PCBs ranged from 0 (below determination limit), determined for PCB-180, to 312.2 pg/m3, determined for PCB-28.
TABLE 2
Range of concentrations and medians
of indicator PCBs in air samples (pg/m3).

Congeners
PCB-28
PCB-52
PCB-101
PCB-138
PCB-153
PCB-180

Conc. range
(pg/m3)
3.0 – 312.2
1.6 – 65.2
1.6 – 222.8
1.5 – 128.3
0.5 – 91.7
0 – 6.8

Medians (pg/m3)
35.7
12.5
14.2
5.5
4.4
1.8

∑PCB*

10.7 – 577.0

70.5

(0 – below determination limit; * - sum of six congeners)

The results in Table 2 show that PCB-28, PCB-52 and
PCB-101 are present in higher concentrations than the
other PCBs and that they largely contribute to the ∑PCB.
The environmental behaviour of individual PCB congeners
depends on their physico-chemical properties particularly
on volatility and lipophilicity. As PCB-28, PCB-52 and
PCB-101 have higher vapour pressures than PCB-138,
PCB-153 and PCB-180, they are more volatile and, hence,
are more present in the air. Literature data for individual
congeners confirm our observations, the levels of PCB-28,
PCB-52 and PCB-101 are present at higher concentrations
in the air than other congeners (Table 3).
Table 3 compares our findings for Zagreb with findings for other locations described in literature. Direct comparison of measurements from different sites is sometimes
unreliable due to various sampling time (year or year season) and differences in method between laboratories. Data
presented in Table 3 show a broad range of PCB levels in
ambient air. PCB concentrations measured in the European
Arctic (Ny-Ålesund) and nonurban Swedish west coast are
lower, whereas U.K. urban centres (London, Stevenage,
Cardiff, Manchester) and Lista in Norway showed higher
levels of PCBs. Our results show that PCB levels in ambient air collected in Zagreb are comparable to levels from
central Europe site (Augsburg, Germany). These levels are
not high for urban sites and could be characterised as typical to semi-urban areas.
Six indicator PCBs in air samples were taken twice
from the same site in Zagreb in the period October –
November: in 1997 (fourteen samples) and in 1999 (thirteen samples). All samples were analysed by the same
method [2]. These results are compared in Table 4.
In these two years the levels of six indicator PCBs
slightly decreased, which might be result of restricted usage
or the difference in levels due to a long range transport.
Temperatures during both sampling period in 1997 and 1999
were similar, (0.9 – 14.3 oC vs. in 1997 –0.6 – 14.6 oC in

148

© by PSP Volume 12 – No 2. 2003

Fresenius Environmental Bulletin

1999) which implies that temperature did not influence difference in PCB levels. Our data are in agreement with literature suggesting that the levels of PCB drop significantly after

their usage restriction. However, today they have reached a
steady state level which decreases slowly or not at all [9].

TABLE 3
Mean concentrations of six indicators PCBs (pg/m3) in ambient air collected at different locations.

Sampling site

Sampling year

PCB-28

PCB-52

PCB-101

PCB-138

PCB-153

PCB-180

June 1999-Feb 2000
[this study]

54.1

16.6

33.1

15.2

11.9

2.0

Augsburg, Germany

March 1992-Feb 1993 [3]

27.0

19.0

16.0

10.0

11.0

2.4

Ny-Ålesund, Norway

April-Dec 1993 [4]

4.3

2.47

1,28

0.54

0,61

0.16

West coast, Sweden

Feb+May 1990 [5]

NA

NA

9.8

8.5

8.8

2.7

West coast, Sweden

1991-1994 [5]

NA

NA

4.5

4.2

4.5

1.6

Lista, Norway

1992-1995 [5]

NA

NA

41.6

46.2

34.0

6.1

London, U.K.

1991-1992 [6]

557

531

117

23.0

26.2

12.0

Stevenage, U.K.

1991-1992 [6]

186

109

31.1

9.2

12.9

6.15

Cardiff, U.K.

1991-1992 [6]

222

129

91.5

33.4

32.5

17.0

Manchester, U.K.

1991-1992 [6]

133

101

84.5

28.0

36.9

24.0

semirural area near
Lancaster, U.K

March-Oct+Dec 1994 [7]

24.7

18.4

6.5

1.5

1.7

11.0

Tudor Hill, Bermuda

May 1992-July 1993 [8]

78.7

17.6

10.2

1.3

3.2

0.5

Zagreb, Croatia

(NA – not analysed; [ ] – reference)

TABLE 4 - Medians of indicator PCBs in air samples (pg/m3) collected in
Zagreb, Croatia in October - November 1997 and October - November 1999.

Year

PCB-28

PCB-52

PCB-101

PCB-138

PCB-153

PCB-180

Ref.

1997

29.0

19.0

10.0

8.0

7.0

5.0

2

1999

19.0

9.0

7.0

3.0

2.0

2.0

this paper

TABLE 5 - Medians of six PCB congener concentrations (pg/m3) from June 1999 to February 2000.
The temperature (t) is expressed as the mean of average daily air temperature during the sampling period.

year

1999

month

t (oC)

PCB-28

PCB-52

PCB-101

PCB-138

PCB-153

PCB-180

June

19.7

72.8

18.9

55.4

35.7

24.8

3.5

July

21.5

74.3

38.0

47.9

12.4

10.4

3.9

August

19.8

112.3

19.3

147.0

35.3

43.0

/

September

19.0

44.3

24.1

20.3

6.8

6.9

0

October

11.5

19.0

10.7

10.2

4.1

3.1

2.1

November

2.7

24.4

8.0

7.0

2.7

0.7

1.9

December

1.3

6.8

5.9

3.2

2.4

0.7

1.6
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January

-1.4

5.9

2.6

1.8

1.8

0.7

1.3

February

4.0

14.7

5.2

6.6

2.3

0.7

1.3

700,0

600,0

500,0

400,0

300,0

200,0

100,0

0,0
-15

-10

-5

0

5

10

15

20

25

30

(/-overlapped with impurities; 0 – below determination limit)
FIGURE 1 - Levels of ∑PCB (pg/m3) in relation to air temperature (o C).
pg/m3

Seasonal variations

All six indicator PCBs exhibited seasonal variations
with considerably higher concentrations in summer
(Table 5). These results support the hypothesis that volatilisation affects PCB levels in the air.
When we put the sum of six PCBs in each sample in relation to the average air temperature over a specific sampling
period (Figure 1) we obtained a non-linear relationship.
Figure 1 clearly shows that PCB levels strongly correlate with air temperature. When the temperatures were
above 10 oC, the sum of the six PCBs was between 30.6 and
577.8 pg/m3, and when the temperature was below 10 oC, the
sum of six PCBs was between 10,7 and 71.0 pg/m3. This
prominent increase in PCB levels observed at temperatures
above 10 oC is in accordance with the literature data [4].
This indicates that volatilisation of deposited PCBs may
have an important influence on air PCB levels in Zagreb.
The same was found for total PCBs (determined in relation to the Aroclor 1260 mixture), which were collected
during the same period and at same site in Zagreb. When
the temperature was above 10 oC, the concentrations of
total PCBs ranged between 5.1 and 136 pg/m3, and when
the temperature was below 10 oC, ranged between 1.6 –
and 23.5 pg/m3 [10, 11].

environment. Harrad et al. [9] suggest that this process
may account for about 80 % of PCBs found in the atmosphere over Britain [9]. PCBs are expected to continue cycling through environmental compartments for
many years to come.
CONCLUSIONS
The six indicator PCB concentrations in air samples
collected in Zagreb ranged between 0 (below determination limit) for PCB-180 and 312.2 pg/m3 for PCB-28.
PCB levels in Zagreb air
strongly depend on seasonal
o
C October – November 1999
variations. The resultst for
were slightly lower than the results for October – November 1997 obtained from the samples taken on the same
place in Zagreb.

It is expected that, due to restricted use, a fresh environmental input of PCBs will be small in future. It is
believed that the major source of air pollution today is
the earth releasing deposited volatile congeners into the
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SCREENING METHOD OF PCBs DETECTION IN
ENVIRONMENT BY PERCHLORINATION REACTION
N.A. Klyuev, D.B. Feshin, E.S. Brodsky, G.A. Kalinkevich, V.S. Soyfer
Institute of Ecology and Evolution RAS, Leninsky prosp. 33, 119071 Moscow, Russia.

SUMMARY
A simple method for determination of PCBs in the
environment is proposed. Sample extracts containing an
internal standard (4,4'-difluorobiphenyl) are subjected
to perchlorination by modified BMC reagent at 105оС
for 2 hours. After purification the reaction products are
analyzed by GC-ECD. The procedure allows detection of
PCBs as decachlorobiphenyls in a wide range of concentration: 16.4 ng/sample to 164 µg/sample.

KEYWORDS: Analysis, screening, perchlorination, PCBs, GCECD, internal standards, 4,4'-difluorobiphenyl.

INTRODUCTION
Most of the PCB pollutions are caused by industrial
application. PCB-containing mixtures whose compositions
are well known and constant should be rapidly and precisely analysable as total PCB to monitor real pollution exposure. Consequently, a simple but reproducible and cheap
method for operative control is needed which should be
periodically controlled by standard analytical methods.
One of these convenient and simple methods is immunoassay analysis [1]. However, in many cases matrix effects influence these results. Moreover, using optical spectrophotometry for analysis limits the dynamic range of
PCBs in the sample. Also internal standards used do not
eliminate errors in result. In addition, it should be pointed
out that immunoassay method applications are too difficult
for use in economically underdeveloped countries.
So it is advisable to have a rapid method that will allow PCBs determination in wide range of quantities by
simple instrumentation with internal standards. The method based on perchlorination of PCBs considerably simplifies the detection of PCB congeners as compared to other
techniques. In this practice all polychlorinated derivatives
are converted into decachlorobiphenyl (DCB).

This is followed by gas chromatography with electron
capture detector (GC-ECD), which is highly sensitive for
the substances of interest. Currently EPA procedure
#508a (1989) is the only official screening method for
detection of PCBs using perchlorination. This uses SbCl5
and powdered Fe mixture as reagent at 270 °C without
internal standard.
A powerful perchlorination reagent, BMC (a mixture
of SO2Cl2, AlCl3 and S2Cl2 1000:1:2 [2]) has been used
for converting dibenzo-p-dioxin and dibenzofuran into
octachloro derivatives with high yields and purity [3].
However, this method is inefficient for ultra-trace
amounts of dioxins. We modified the procedure by producing BMC in situ. This allowed us to conduct the perchlorination of PCDD/DF extracts with 70% yield under
mild conditions – 70 °C, 4 hours [4]. In the present work
we extended our experience of perchlorination with the
modified BMC reagent to detect the PCBs.

METHODS AND MATERIALS
GC-ECD measurements were conducted on a gas
chromatograph Hewlett-Packard 5890A equipped with
ECD (63Ni, β-particles ionisation); carrier gas – nitrogen,
25 ml/min; HP-1column 20 m, 0.32 mm i.d., 0.52 µm film
thickness; constant flow of carrier gas (nitrogen) 2ml/min;
injector temperature, 240 °C; detector temperature, 300 °C.
The GC was programmed as follows: 150 °C isothermal
for 2 min, heating to 300 °C at the ramp of 10 °C/min, isothermal for 4 min. 1µl of the sample was injected in splitless
mode with 0.1 min delaying of injector gas washing.
GCMS measurements were conducted on Finnigan
MAT ITD 700 with gas chromatograph Varian 2400; DB5ms, 30 m column, 0.25 mm i.d., 0.25 µm film thickness;
constant flow of carrier gas (helium) 1 ml/min. Ionisation
by 70 eV electron impact, scan velocity – 1 spectra/ sec,
m/z range – 41-450; GC injector temperature, 240 °C;
transfer line temperature, 200 °C. The GC was programmed as follows: 100 °C isothermal for 2 min, heating
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to 220 °C at the ramp of 10 °C/min, then to 280 °C at the
ramp of 5 °C/min. 1µl of the sample was injected in splitless
mode with 0.1 min delaying of injector gas washing.
For perchlorination studies the following solutions
were prepared:
• calibrating solutions of PCBs mixture Sovol (analogue
of Arochlor-1254 in Russia [5]) in hexane with c = 820;
82; 8.2 µg/ml; 820; 82 ng/ml;
• working solution of unsubstituted biphenyl in hexane
with c = 5 µg/ml;
• working solution of the "surrogate" internal standard
4,4'-difluorobiphenyl (4,4'-DFB) in acetone-hexane
mixture 1:1 with c = 250 µg/ml;
• working solution of external standard for GC-ECD
analysis of 2-fluoro-3-bromo-6,7,8,9-tetrachlorodibenzo-p-dioxin (FBrTClDD) with c = 1 mg/ml.
All reactions were conducted in Fisherbrand® 4 ml
screwthread vials with rubber-lined caps, provided with
self-made Teflon lining.
All solvents used were of PCB-grade. Sulphur and
SO2Cl2 were ordered from Fluka.
Industrial duralumin alloy D18 brand (Russia)
was used in all reactions. This aluminium alloy contains: Cu 3.8-4.9%, Mg 1.2-1.8%, Mn 0.4-0.8%, Fe
<0.5%, Si <0.5%.
Water, soils and sediments extract preparation

Soils and sediments 10 g samples containing no PCBs
were spiked by 1.64 µg of "Sovol". 50 µg of 4,4'-DFB was
added to each sample before extraction on continuousflow extractor [6] by 200 ml acetone-hexane 1:1 mixture
at 65 °C.
One litre of water containing no PCBs was spiked by
1.64 µg of "Sovol". 50 µg of 4,4'-DFB was added before
extraction with 2 x 80 ml of dichloromethane. Organic
layer was separated and dried over MgSO4.
All extracts were rotary-evaporated with isooctane to
2 ml, then treated on a multilayer column filled from below
upwards with 1.5 cm3 MgSO4, 6 cm3 K2SiO3, 1.5 cm3
MgSO4, 7 cm3 H2SO4/SiO2 (44%), 1.5 cm3 MgSO4, then
eluted with 30 ml of hexane-dichloromethane 1:1 mixture
and finally rotary-evaporated to ~2 ml.
Perchlorination procedure

PCBs calibration solutions, 50 µg of 4,4'-DFB in 200 µl
of solvent and 10 µl of tridecane, were put into reaction
vials. Then solvents were evaporated in airflow at 45 °C
(sample extracts were evaporated in the same way, but
without addition of 4,4'-DFB). 40 mg of powdered duralumin, 9 mg of sulphur and 150 µl of SO2Cl2 were added;
vials were filled with dry gas (nitrogen, argon), tightly

closed and heated at 105 °C for 2 h. Then SO2Cl2 was
evaporated in airflow at 50 °C. The reaction mixture was
extracted under sonication by 5 x 2 ml of hexane. Extract
was passed through a small multilayer column filled from
below upwards with 0.5 cm3 MgSO4, 3 cm3 K2SiO3, 0.5
cm3 MgSO4, 4 cm3 H2SO4/SiO2 (44%), 3 cm3 Na2SiO3,
then eluted with 30 ml of hexane, evaporated in the airflow at 45 °C with adding of 10 µl tridecane. 10 µg of
FBrTClDD and 0.5 µl of hexane were added to the sample before GC-ECD analysis.

RESULTS AND DISCUSSION
One of the major tasks of our work was to find out a
simple method for PCBs analysis in different environmental matrices (air, water, soils, sediments, biota et.). Its
novelty is using an internal standard both for quantitative
analysis and quality control.
For PCBs perchlorination we used our modified
BMC reagent. Powdered alloy of duralumin, sulphur and
SO2Cl2 were reacted with PCBs mixture “Sovol”. Reaction products were analysed with GC-ECD and identified by GCMS. Complete conversion of PCBs into DCB
was observed after two-hour heating of the mixture at
105 °C. These results were consistent and independent
of the initial substrate amount (16.4 ng - 164 µg; range
sufficient for PCBs analysis in most of the environmental matrices).
Unsubstituted biphenyl was also transformed to DCB
with 90% yield under the above conditions. Further heating for 8 hours did not lead to noticeable decomposition
of the decachlorinated product.
We tested 4,4’-dibromobiphenyl and 4,4’-difluorobiphenyl as internal surrogate standards in perchlorination
reaction. These substances have the same structure and
physical-chemical properties as PCBs. Under reaction
conditions (105 °С, 2 hours) more than 50% of 4,4’dibromobiphenyl perchloro derivative yielded DCB. Under identical conditions 4,4’-difluorobiphenyl was successfully converted into 4,4’-difluorooctachlorobiphenyl.
Its structure was confirmed by GC-MS. Molecular ion
consisted of an isotope cluster in mass interval 462-470.
The general decay products as well as PCBs corresponded
to sequent chlorine atoms removal. 4,4’-difluooctachlororobiphenyl (4,4'-DFOCB) is stable under perchlorination conditions. No conversion to DCB was observed
even after 3 hours of heating as a result of electrophylic
aromatic substitution by “ipso” attack [7].
In further work we used 4,4'-DFB as internal standard. As shown in Fig. 1 there is a good linear correlation
between “Sovol” amount and all the standards used in the
experiments – both perchlorinated derivative of 4,4'-DFB
and FBrTClDD – in five order interval of PCB quantities
involved in the reaction.
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FIGURE 1 - Calibration curve of “Sovol” as DCB
(usable in analysis as internal and recovery standard).

A
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FIGURE 2 - A – chromatogram of initial PCBs mixture "Sovol"; B – perchlorinated soil extract chromatogram:
1 – 4,4'-difluorooctachlorobiphenyl, 2 – 2-fluoro-3-bromo-6,7,8,9-tetrachlorodibenzo-p-dioxin, 3 – decachlorobiphenyl.
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The elaborated procedure was successfully applied
for perchlorination of real organic matrix extracts. The
extracts of water, soils and sediments spiked by 1.64 µg
of PCBs were subjected to perchlorination to analyse
environmental matrices. GC-ECD analysis of reaction
products showed a full conversion of all PCBs into DCB
and of the internal standard into 4,4’-difluorooctachlorobiphenyl. As shown in Fig. 2, all substances could
be easily identified due to their long retention times. No
background signals created by other matrix components
are observed in this part of the GC-ECD chromatogram.
The above procedure is simple, cheap, and does not
require a sophisticated GC-ECD devise.

CONCLUSION
• With model experiments and output analyses the
conditions for PCBs perchlorination by modified
BMC reagent were found out.
• It was shown that this procedure allows detecting of
PCBs as DCB by GC-ECD in wide range quantities
of PCBs: 16.4 ng/sample to 164 µg/sample.
• 4,4'-difluorobiphenyl was proposed as a foolproof
stable internal standard for reliability of the analysis.
• It was demonstrated that the elaborated method allows analysing of water, soil and sediment samples
containing PCBs within the regulations levels.
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SUMMARY
In Poland, apart from numerous imported transformers and condensers containing dielectric fluids consisting
of polychlorinated biphenyls, two technical PCBs mixtures were produced. From 1966 – 1970, Chlorofen was
manufactured in Dabrowa Gornicza (Upper Silesia), and
from 1974 – 1976 – Tarnol was manufactured in Tarnow
(South – Eastern Poland). The total PCB production was
estimated at 1700 tons. The fate of byproducts of Tarnol
production, 2000 tons of highly chlorinated biphenyls in
mixture with substances used for purification, is not
known. This article presents many previously unknown
details about the two products.

used to make inflammable transporter belts and as dielectric fluids for electrical equipment. There is no information about the fate of the products used and the production by-products.
Given the risk that PCBs pose to the environment, it
is necessary to localize the sources of the compounds in
each country. Detailed information on the production and
application is of great importance. In Poland, there has
not been such a publication until now.
PCB PRODUCTION IN THE WORLD
PCBs were manufactured as complicated mixtures of
biphenyl molecules with different numbers of chlorine
atoms in the molecule [1]. Batch process chlorination of
biphenyl with gaseous chlorine in presence of iron turnings
(United States) or iron chloride (Germany) was the only
technology [2]. The chlorination level was determined
indirectly – by measuring the physicochemical properties
of the reaction mixtures such as viscosity or density.

KEYWORDS:
polychlorinated biphenyls, Chlorofen, Tarnol.

INTRODUCTION
Polychlorinated biphenyls (PCBs) are a group of 209 biphenyl derivatives, having different numbers and positions of chlorine atoms on the biphenyl molecule. The
compounds are in the form of oily liquids up to waxy
solids, depending on the chlorination level. They exhibit
low vapor pressure and water solubility. Very good electroisolating properties and high stability to chemical and
thermal conditions have made them useful in numerous
applications. The primary one was as dielectric fluids in
capacitors and transformers. The compounds, not existing
in the natural environment, however, are not easily biodegraded and they accumulate in the environment and in
living organisms. Additionally, their metabolites do contribute to oxidative stress in the organism, making PCBs
another serious danger to human and animals.

The production was started by the Swann Chemical
Co. in the United States in 1929. Later, many other facilities in the world manufactured the mixtures (Table 1).

In Poland numerous transformers and condensers
containing imported mixtures of polychlorinated biphenyls, mainly from the former Soviet Union and Czechoslovakia, are still in use. In the sixties and seventies, successively in Dabrowa Gornicza and in Tarnow, Polish PCB
mixtures were produced. These Polish PCB mixtures were
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TABLE 1
Main PCB commercial mixtures production in the world.

Trade name

Japan

Total production
[103 Mg]
570 (1930-1976) [3]
636 (1930-1975) [4]
100 (1940-1990) [5]
180 (1939-1993) [6]
58 (1974-1983) [7]
150 (1930-1982) [4]
117 (no production
time available) [8]
57 (1954-1971) [4]

Italy

28 (1958-1980) [4]

Country

Aroclor

United States

Sovol, Sovtol,
TCB

Soviet Union

Clophen
Fenochlor,
Pyralene
Kanechlor
Fenclor, Apirolio
Delor

Germany
France

Czechoslovakia 21.5 (1959-1984) [9]
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Global production between 1930 and 1993 was calculated at 1.3×106 Mg, but the amount does not include the
data from Poland, Eastern Germany and Austria [10].
The best-known technical mixtures were Aroclors,
trade name of Monsanto Chemical. The series of mixtures, having different chlorination levels, were distinguished by four-digit number. Two first digits – 12 –
mean that biphenyl is a skeleton molecule, last two give
information about chlorine content in the mixture.
The Aroclors were obtained in the process of biphenyl
chlorination in the presence of iron chloride or iron turnings as catalysts (it is a typical catalyst in chlorination of
the aromatic ring). The process was a batch process. The
reactor (called chlorinator) was equipped with chlorine
distributors and a coil for cooling and heating of reaction
mixture. Circulating pumps were used for agitation. Before the synthesis, the reactor was loaded with iron turnings, preheated in order to remove oils and water. Then, the
biphenyl was placed in the reactor, the chloride flow was
let and the pumps were turned on. The reactor temperature
was kept above the melting point of biphenyl, but below
1500C in order to prevent sublimation of the raw material
and clogging of hydrogen chloride (by-product of the process) discharging system. Depending on the desired chlorine content, one batch took from 12 to 36 hours. The process was controlled by determination of density (in case of
lower chlorinated mixtures) or softening point with ball and
ring test (for higher chlorinated).
The anhydrous hydrogen chloride was absorbed in
water in a specific apparatus [2].
The raw product usually contained some hydrogen
chloride and catalyst. For most applications, the removal
of the contaminants was necessary. The lower chlorinated
mixtures were blown through with dry air, then calcium
or sodium hydroxide was added in order to neutralize the
mixture and the distillation was performed. The highly
chlorinated mixtures, without preliminary purification,
were distilled in retorts under atmospheric or reduced
pressure [11].

PCB MIXTURES IN POLAND
It is not exactly known when PCBs were introduced
into Poland for the first time. We can assume that this
occurred during World War II, because mixtures containing polychlorinated biphenyls, polychlorinated terphenyls
and polychlorinated naphthalenes were manufactured and
used in Germany at that time. In the sixties, dielectric
fluids containing PCBs for transformers and condensers
were imported. The products came from Soviet Union
(Sovol) and Czechoslovakia (Delor), but probably also
Clophen from Germany, Phenoclor from Italy and Pyralene from France were used as well [12]. Also some elec-

trical equipment containing PCBs was imported. Much of
this is still in use and the exact amount is not known.
Recently, in South-Western Poland an inventory of PCBscontaining transformers, condensers and other electric
components has been performed [13]. 69 Transformers
and more than 11,600 condensers with PCBs were found.
Also many components filled with fluids of unknown
composition were identified.
CHLOROFEN

Chlorofen, historically the first Polish mixture of
chlorinated biphenyls, found its application in mining
companies. Their non-flammability was an important
feature of this use, since rubber transporter belts can
spread fire throughout the underground tunnels. Impregnation of rubber with PCBs diminished the danger. The invention was introduced by Glowny Instytut Gornictwa
(Main Mining Institute) and production was started in 1966
in Electrochemical Company in Zabkowice, today a quarter
of Dabrowa Gornicza in Southern Poland. The installation
for production was prepared very quickly, in 2 months,
with limited funds, which later caused ecological problems. At the beginning of 1970, the inefficient absorbers
caused the contamination of potable water intake near
Bedzin. Owing to the above problem, the production was
stopped [14].
A detailed description of the composition of Chlorofen
was provided by Falandysz and coworkers [4,12]. The mixture contained 64% chlorine, with an average of 7.3 chlorine
atoms per PCB molecule. It was a brown, sticky and viscous resin. The producer claimed it contained mainly
pentachlorobiphenyl isomers, but chromatographic analysis showed that there were instead rather heptachlorobiphenyl isomers, and some octachlorobiphenyl, hexachlorobipheyl and nonachlorobiphenyl isomers were found in
significant amounts as well.
In the first year, 1966, only 23 Mg of Chlorofen was
produced. In 1970, it was 320 Mg [14]. These are the only
accessible data. Having the numbers and knowing that the
total production was delivered to only one client –
Miechowickie Zaklady Gumowe Gornictwa (Miechowice
Mining Rubber Factory), we assumed that the higher value
was constant through the years. That is why we estimate
that the total production was no more than 1.000 Mg.
The technology applied was quite similar to that of
the Aroclors (see Fig. 1 for technological scheme of Tarnol production), although iron chloride was used as a
catalys. Furthermore, it was manufactured in the same
company and easily available in desired amounts.
Biphenyl was the raw material in the process. About
1.5 Mg was taken for each batch, placed in chlorinator,
and about 6 kg of catalyst (iron chloride) was added. The
chlorinator was equipped with a stirrer, a thermometer, a
system for chlorine delivery and a coil for cooling and
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FIGURE 1 – Scheme of Chlorofen production.

heating of the reaction mixture. The whole installation
consisted of four such chlorinators. Two of them were in
use at the same time.
The reaction mixture was heated to melt (in 80-900C)
before the chlorine was introduced into the reactor. At the
time, the reactor was cooled with water. The excess of
chlorine was released to the atmosphere. One batch took
about 24 hours and was finished when the density of the
reaction mixture increased to 1.6-1.7 g/cm3 (it was determined in the reaction temperature, by means of aerometer). The reaction mixture, being an oily liquid, tended to
solidify with the increasing chlorination level. The control
of the process was of great importance.
TABLE 2 – Mass of raw materials and products
for 1 Mg of mixture in Polish PCBs production.

Raw materials and products

Chlorofen

Tarnol

biphenyl

0.4 Mg

0.67 Mg

gaseous chlorine

1.3 Mg

1.0-1.2 Mg

iron chloride

0.006 Mg

0.003 Mg

hydrochloric acid

1.5 Mg

1.5 Mg

(concentration)

(30%)

(33-36%)

Poland. Total production was 679 Mg [12]. The PCBs mixture was clear liquid with a density of about 1.45-1.47 g/cm3
(at 200C), average chlorine content was 40% [15]. We assume that it was an analogue of Aroclor 1248.
There is no information available why the production
of PCBs in Tarnow started and why it was stopped. There
is also no detailed information about the homologue and
congener composition of Tarnol. Also we do not have any
information about the applications of the product and to
whom the product was delivered. There is only the assumption that it was used as dielectric fluid in transformers, probably by the Polish army. All other information is
taken from technological instructions, found in Zaklady
Azotowe Tarnow-Moscice [15].
The technology was similar to that of Aroclors (see
Fig. 2 for technological scheme of Chlorofen production).
It was a batch chlorination of melted biphenyl in the presence of iron chloride with gaseous, dry chlorine. The raw
product was blown through with gaseous nitrogen and
neutralized with solid sodium hydroxide before distillation under reduced pressure (0.67-1.66 kPa.

The anhydrous hydrogen chloride, the byproduct of
the process, flowed into the autoclave, which played the
role of a trap for the sublimate. The purified gas was
absorbed in water in two absorbers, cooled with water.
The hydrochloric acid obtained was collected in the tank.
The product was not purified at all. That is why the
production gave no byproducts.
Using the data on the composition of Chlorofen [4],
we calculated the masses of raw materials and products
for 1 Mg of Chlorofen. The data are presented in Table 2.
TARNOL

Tarnol was manufactured between 1974 and 1977 in
Zaklady Azotowe Tarnow-Moscice (Tarnow Nitrogen Derivatives Production Company), in Tarnow, South-Eastern

Biphenyl was raw material also in this process. 600700 kg was taken for each batch, placed in chlorinator,
and about 3 kg of catalyst (iron chloride) was added. The
chlorinator was equipped with a stirrer, a manometer, a
thermometer, a chlorine bubbler, a coil for heating and
cooling. There were two such chlorinators, working independly. The reaction mixture was heated with steam under
pressure 196.1 kPa. When the temperature of reaction mixture reached 900C, the stirrer was turned on and the flow of
chlorine initiated. The chloride flow was 7 Nm3/h, but it
was increased during the process to 20 Nm3/h. The chlorination took about 72 hours, the density of the product
should have had the value of 1.385 g/cm3.
The hydrochloride produced in the process was directed to the scrubber containing Rashid rings. It had to
catch the sublimating biphenyl. The periodic purification
of scrubber was performed by heating to melt the biphenyl. Later, the hydrochloride was absorbed in water in
one box absorber and then in two bubbler absorbers.
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FIGURE 2 – Scheme of Tarnol production.

PRODUCTION PATTERN
The 1.1 Mg of Tarnol was blown through with nitrogen under 68.6 kPa pressure for 2 hours to remove the
rest of chlorine and hydrochloride and then, put into a
neutralizer. Then, 3 kg of potassium hydroxide and subsequently 5 kg of sodium carbonate were added and the
mixture blown through with nitrogen for 2 hours. The
temperature of the neutralization process was 100-1200C.
Later, the product was distilled from above the neutralization agents under reduced pressure (0.67 kPa), collecting main fraction of 160-2000C. The distillation took 1216 hours and gave about 940 kg of Tarnol. This mass
varied on the chlorination level of the product obtained.
The tail fraction, containing higher chlorinated biphenyls, potassium hydroxide, sodium carbonate and iron
chloride, was estimated at 15 Mg per year. There is no
information available on the fate of this environmentally
dangerous byproduct.
Based on the manufacturer’s data, the masses of raw
materials and products for 1 Mg of Tarnol were calculated
(Table 2).

The total polish PCBs production is estimated at
about 1700 Mg, which is a sum of 679 Mg Tarnol, and
1000 Mg of Chlorofen. To show the Polish production in
terms of homologue (Fig. 3) and congener masses (Fig.
4), we used Aroclor 1248 for Tarnol characteristic [16]
and known data for Chlorofen [4]. The uncertainty in the
case of Tarnol lies in the assumption that its composition
was the same as for Aroclor 1248. Similar technology
used should have given a similar product, but PCBs mixtures tended to vary from batch to batch [17]. There is
uncertainty in the amount of Chlorofen produced, since its
manufacture is supported by no documentation, but we
expect it to be between 900 Mg and 1050 Mg.
To show PCBs production for selected congeners
(Fig. 4), we have chosen 7 marker congeners together with
12 congeners to be determined according to the Stockholm
Convention. For Chlorofen, there is no full characteristic,
many congeners were never determined, so the uncertainty
is much higher than in case of homologue groups.
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FIGURE 3
Estimation of production of PCB homologue groups in Poland (see the text for details).
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FIGURE 4
Estimation production of selected PCB congeners in Poland (see the text for details).

CONCLUSIONS
Technologies used in Poland to produce chlorinated
biphenyl mixtures were quite similar to American and
European technologies. Batch processes were used, the
melted biphenyl was chlorinated with gaseous, dry chlorine in the presence of iron chloride as a catalyst. The two
products – Tarnol and Chlorofen had different chlorination levels, which was probably due to their different
applications. Chlorofen, manufactured between 1966 and
1970 in total amount of 1,000 Mg was highly chlorinated,
consisted mainly of heptachlorobiphenyl [4]. It was used
for impregnation of rubber transporter belts in the mining
industry to make them non-flammable. The product was
not purified, the technology gave no byproducts except
for hydrochloric acid. There is no information available
about how many transporter belts with Chlorofen were
produced and in which mining companies they were used.

possible to fill. Maybe official administrative decisions
are necessary to discover the fate of the dangerous byproducts of Tarnol production. The inventory process of
Polish PCBs is still of great importance.

Tarnol, manufactured between 1974 and 1977 in total
amount of 679 Mg was similar to Aroclor 1248. It was
probably used as dielectric fluid in transformers by the
Polish army. There is no information available on the fate
of the 90 Mg of highly chlorinated waste after Tarnol
distillation.
This article presents all the information available
about the products containing polychlorinated biphenyls
and their byproducts in Poland. There are many gaps in
the description; many of them may be hard or even im-
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SUMMARY

INTRODUCTION

Soil is an environmental sink and reservoir for such
lipophylic contaminants as PCBs. The technical mixtures,
released into soil during the production are one of the
main sources of "industrial" pollution. This paper presents
the preliminary determinations of PCBs concentration in
the location where one of Polish PCBs mixtures,
Chlorofen, was manufactured during the sixties. Depending of the sampling site, the level of the sum of 15 PCBs
congeners ranged from 0.6 to 783.3 µg/g dry weight.

KEYWORDS:
PCB, soil, Chlorofen.

Polychlorinated biphenyls (PCBs) are a group of persistent organic contaminants, which can be found all
around the world. They are hardly biodegradable, so even
a long time after their introduction they can be found in the
environment. Their lipophilic nature causes the tendency
to deposit onto solid particles. Soil is thus, the main sink
and reservoir for such compounds. Once it was stated that
even 99% of PCBs mass can be found in soil [1].
Technical PCBs mixtures are a main source of contamination, although recently waste incinerators have
posed some danger. Such "industrial" contamination can
be easily distinguished from naturally occurring atmospheric deposition. PCBs from atmospheric deposition are
bound by organic matter in a top layer, but spills cause
occurrence of contaminants also in deeper parts of the soil
profile [2].
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FIGURE 1 - Contribution of PCBs homologue
groups in Chlorofen formula (data from reference [8]).
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FIGURE 2 - Contribution of selected PCBs to congener
IUPAC No. 180 in Chlorofen formula (data from reference [8]).

In Poland, the highest levels of PCBs were detected in
soil samples after the 'transformer failure' (1.3-5.1 ng/g dry
weight) [3], from postmilitary grounds (0.03-3.40 µg/g dry
weight) [2,4], and in the soil samples from Katowice
collected in 1994 (0.38 ± 0.30 µg/g dry weight) [5], while
the mean PCBs concentration in agriculture and forest soils
in Poland, collected in 1990-94 were relatively low (0 –
0.028 mg/ g dry weight) [6]. No data are available on the
PCBs level in the soil from former plants of the two technical PCBs formulas produced in Poland in the sixties and
seventies (total production estimated at about 1.7 kT [7]).

each site, three sub-samples were taken up to 20 cm
depth. The three sub-samples from one point were thoroughly mixed together. All analyzed soil samples were
air-dried for two weeks. Then, the samples were dried in
105 oC to the constant weight. Then, they were sieved
through a 2 mm sieve.

One of the Polish PCBs mixtures – Chlorofen - was
manufactured between 1966 and 1970 in total amount
about 1 kT [7]. It was highly chlorinated and the chlorine
content was determined at 64%. As results from the data
presented by Falandysz [8], it consisted mainly of hexa-,
hepta-, octa- and nonachlorobiphenyls (Fig. 1). PCB IUPAC No. 180 was the main congener in the Chlorofen
mixture (Fig. 2), there was a significant amount of PCBs
congeners, IUPAC No. 201, 198, 194, 187, and 153.
The aim of this study is to report the results of the
preliminary determination of 15 PCBs congeners, selected
on the basis of their occurrence and toxicity, that was
performed in random soil samples collected from various
sampling points on the former Chlorofen plant.
FIGURE 3
Sites of soil sampling in former Chlorofen plant in Ząbkowice.

MATERIALS AND METHODS
Sample collection and preparation

Chemicals

The soil samples were collected at the end of 2001,
31 years since the production was stopped, in the exact
place where installation buildings stood (Fig. 3). From

Individual chlorobiphenyls used as primary standards
(PCBs IUPAC No. 28, 52, 101, 105, 114, 118, 128, 149,
138, 153, 156, 170, 180 and 187), were purchased from
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Dr. Erhenstorfer, Germany. The different working standard solutions were prepared by adding the appropriate
weight amounts of primary standards to isooctane (Baker
® Ultra-resi analyzed quality). The extraction solvents: nhexane (Baker ® Ultra-resi analyzed quality), the acetone
(Baker ® Ultra-resi analyzed quality).

The electron energy was 70 eV, the source temperature
180 oC. The range of masses scanned in full-scan mode
was from 100 to 650 amu.

PCBs analysis

Before PCBs analysis was performed, the linear
range of the ECD detector was determined according to
Wells et al. [10]. The detector response was examined
with 10 standard solutions of three congeners, containing different number of chlorine atoms (28 tri-, 101
penta- and 153 hexa-substituted). The amount of compounds injected on GC column varied between 20 and
1200 pg. The approximate linear range of ECD was 20275 pg, 25-330 pg and 20-250 pg for congeners 28, 101
and 153 respectively.

Congener-specific analysis of soil samples was based
on the EPA Methods 3540 and 3665 [1, 9].
Aliquots of soil (5 g) were mixed with the same
amount of anhydrous Na2SO4, transferred to a Soxhlet
thimble and extracted with 100 ml of n-hexane : acetone
mixture (1:1 v/v) for 7 h. After a change of solvents, the
soil samples were extracted for the second time (7 h) with
100 ml of the solvent mixture of the same composition.
The combined extracts were evaporated on a rotary evaporator and concentrated to ∼ 5 ml. Then they were transferred to separatory funnel and cleaned-up with concentrated H2SO4 to obtain colorless extract.
The identification and quantification of PCBs were
performed by HRGC/ECD (high resolution gas chromatography-electron capture detection). Additionally, the analysis of some cleaned-up soil extracts by HRGC/ LRMS
(high resolution gas chromatography - low resolution mass
spectrometry) was carried out to confirm the results.
HRGC-ECD analysis

A Shimadzu GC-14A gas chromatograph equipped
63
with a Ni electron capture detector and split injector,
was used. Analysis of the purified extracts was carried out
on a 60 m DB -5 (0.25 mm i.d.; film thickness 0.25 µm)
fused silica capillary column (5% diphenyl polysiloxane,
95% dimethyl polysiloxane). The detector temperature
o
was 310 C with nitrogen as make-up gas at a flow rate of
48.9 ml/min. The temperature program of the column was
as follows: 2 min. at 125 oC; 7.5 oC/min. until 190 oC and
2 oC/min. until 280 oC, holding for 15 min. Helium, as a
carrier gas, was used at a flow rate of 0.6 ml/min. The
injector temperature was held at 250 oC and the split flow
rate was 28 ml/min. 3 µl of each purified extract was
injected on the GC column.

RESULTS AND DISCUSSION

Identification of the 15 selected congeners (PCBs
IUPAC No. 28, 52, 74, 101, 149, 118, 114, 153, 105, 138,
187, 128, 156, 180, 170) was performed by a comparison
of retention times (RT) of the peaks in standard solutions
with the peaks in chromatograms of purified soil extracts.
Additionally mass spectra (full scan) of the peaks of examined congeners from standard solutions and soil extracts have been compared. Typical HRGC-ECD and
HRGC-LRMS chromatograms of cleaned up extracts are
shown in Figs. 4 and 5, respectively. Identification of the
15 selected congeners (PCBs IUPAC No. 28, 52, 74, 101,
149, 118, 114, 153, 105, 138, 187, 128, 156, 180, 170)
was performed by a comparison of retention times (RT)
of the peaks in standard solutions with the peaks in chromatograms of purified soil extracts. Additionally mass
spectra (full scan) of the peaks of examined congeners
from standard solutions and soil extracts have been compared. Typical HRGC-ECD and HRGC-LRMS chromatograms of cleaned up extracts are shown in Figs. 4 and 5,
respectively.

HRGC-LRMS analysis

AutoSystem XL Perkin Elmer gas chromatograph
equipped with a Turbomass mass spectrometry detector
and split-splitless injector was used. Analytical separation
of the purified extracts was carried out on a 60 m SPB–5
(0.25 mm i.d.; film thickness 0.25 µm) fused silica capillary column (5 % diphenyl polysiloxane, 95 % dimethyl
polysiloxane). The temperature program of the column
was as follows: 2 min. at 75 oC; 15 oC/min. until 150 oC
and 1,2 oC/min. until 300 oC, holding for 8 min. Helium as a
carrier gas was used with a flow rate of 1,0 ml/min. The
injector temperature was 250 oC, the injection volume 1 µl.
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FIGURE 4 - Typical HRGC/ECD chromatogram of
cleaned up extract of the soil sample from Chlorofen installation.
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FIGURE 5 - Typical HRGC/LRMS (full scan) chromatogram
of cleaned up extract of the soil sample from Chlorofen installation.
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FIGURE 6 - Profiles of selected PCBs congeners concentration in soil samples from former Chlorofen plant.

TABLE 1
PCBs concentrations in soil samples from Chlorofen installatios collected in 2001.

Sample*

1

2

3

4

5

5a

Σ15 PCBs
[µg/g] dry weight

11.4

0.6

136.4

80.5

589.5

783.3

Note: * sample numbers 1-5 correspond to 0-20 cm depth; sample 5a to 20-40 cm depth
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The PCBs in all soil samples examined were identified. None of the chromatographic profiles corresponded
exactly to the profile of the Chlorofen mixture presented
by Falandysz [8]. The quantification of congeners has
been carried out by a rule of three between calibration
standard solution and the sample. The peak heights should
lie within the linear range of ECD detector response. The
profiles of PCBs congeners in samples from various sites
are shown in Fig. 6. The determined sum content of all
the analyzed congeners in the soil samples are presented
in Table 1.
One can observe large differences between the concentrations in different parts of the terrain. The lowest one
was determined in the North-Western corner (sample 2)
of the former installation, the highest – in the South-East
(sample 5), probably near the building gate. Due to poor
technological measure and not taking care for the environment in sixties, it is almost sure that this corner was a

kind of disposal for unsuccessful batches. To confirm the
theory, we analyzed the deeper part of the soil in the point.
It was observed that the concentration in the sample taken
from 20-40 cm depth was much higher, but of the same
order of magnitude of PCBs concentration – 783 µg/g dry
weight (sample 5a), in comparison with the concentration
in sample taken from 0-20 m depth – 590 µg/g dry weight
(sample 5) (Table 1, Fig. 7).
A comparison of the PCBs concentration in various
soil from Poland and other European countries is presented in Table 2. Comparison of our results with background
soils in Poland suggests increased level of PCBs in the
place where installation for Chlorofen production stood.
These values are also higher than for Soviet Army bases
and industrial soil in Romania. Only in Slovakia, in the
former Delor factory site, the concentrations of PCBs
determined in some places suggests that the soil is contaminated by almost pure PCBs mixtures.

µg/g dry weight
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80
60
40
20
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0

FIGURE 7 - Comparison of selected PCBs congeners concentration in
soil samples collected from various depths in the former Chlorofen plant.

TABLE 2 – PCBs concentrations in different soils.

Description of soil

Year of sample
collection

Concentration
[µg/g dry weight]

Number of congeners
determined

Reference

Poland, agricultural soil

1990-1994

2.3×10-3-38×10-3

not described

5

6

3

Poland, transformer failure

1992

-3

1.3×10 -5.1×10

-3

-3

Poland, Soviet Army base

1998

9.2×10 -0.3

12

4

Poland, Chlorofen installation

2001

0.006-590

15

this study

0.7

19

11

-3

all

12

Romania, Oltchim factory
Slovakia, former PCBs plant

1997-1998

64×10 -53.000
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FIGURE 8 - Contribution [%] of selected congeners to the sum of 13 PCBs in
Chlorofen and soil samples examined (data from reference [8] and this study).

A comparison of the contribution [%] of selected
congeners (PCBs IUPAC 28, 52, 101, 105, 118, 128, 149,
153, 156, 138, 170, 187 and 180 to the sum of these PCBs
in Chlorofen and soil samples examined, presented in
Figs. 7 and 8, leads to interesting conclusions. The PCB
congener IUPAC 180 is the leading one on both matrices.
In Chlorofen, lower chlorinated congeners were absent,
but they appeared in soil. It can suggest partial biodegradation during 31 years. From other possible processes
changing the profile (volatilization, plant uptake, binding
by humic acids) only biotransformation increases the
lower congeners levels. The anaerobic degradation occurs
by selective removal of meta- and para- chlorine atoms
[13], which, regarding PCBs congeners no. IUPAC 170,
180, 187 would explain changes in percentage of PCBs
congeners no. IUPAC 153 and 138, the possible products.

sediments, plants, as well as the assessment of health risks
as a result of environmental contamination by PCBs in
this area is necessary.

CONCLUSION
The soil around the factory producing Chlorofen in the
sixties, is still contaminated with PCBs. The concentration
of a sum of 15 specified congeners ranges from 0.6 –
783.3 µg/g dry weight. These levels are much higher than
background levels in Poland. The distribution of PCBs
congeners in the soil, assumed to be contaminated by the
manufactured mixture, changed over the years, probably
by biotransformation.
Taking into account that the presented data can be
treated only as preliminary, the further monitoring of soil,

168

REFERENCES
[1]

Travis C.C., Hester S.T. (1991) Global Chemical Pollution.
Sci. Total Environ., 25, 815-818

[2]

Falandysz J., Kawano M., Wakimoto T. (1997) Polychlorinated biphenyls contamination of soil in a farmer Soviet Army
Base in Poland. Organohalogen Compounds, 32, 172-177

[3]

W. Sułkowski, M. Olczyk, A. Rosińska (1999) The investigation of polychlorinated biphenyls contents and concentration changes In soil samples from hazard places. Ecological
Chemistry, 8, 134-137.

[4]

Lulek, J. (2001) Polychlorinated Biphenyls in Poland: History, Fate, Occurrence. In Persistent, Bioaccumulative and
Toxic Chemicals I – Fate and Exposure (Editors: Lipnick
R.L., Hermens J.L.M., Jones K.C. and Muir D.C.) ACS
Symposium Series: 772; American Chemical Society, Washington DC., pp. 85-98

[5]

Falandysz J., Brudnowska B., Kawano M., Wakimoto T.
(2001) Polychlorinated biphenyls and Organochlorine Pesticides in soils from the Southern Part of Poland. Arch. Environ. Contam. Toxicol. 40, 173-178.

[6]

Kawano, M.; Brudnowska, B.; Falandysz, J.; Wakimato, T.
(2000) Polychlorinated biphenyls and organochlorine pesticides in soil in Poland. Roczn. PZH (in Polish) 51, 15-28.

© by PSP Volume 12 – No 2. 2003

Fresenius Environmental Bulletin

[7]

Kania-Korwel I., Sułkowski W.W. (2003) Zagrozenie polichlorowanymi bifenylami w Polsce. Przemysł Chemiczny,
(in Polish), 82, 88- 90.

[8]

Falandysz, J.; Yamashita, N.; Tanabe, S.; Tasukawa, R.
(1992) Composition of PCB Isomers and Congeners in Technical Chlorofen Formulation Produced in Poland. Intern. J.
Environ. Anal. Chem. 47, 129-136.

[9]

Kimbrough D.E., Chin R. and Wakakuwa J., (1994) Widespread and systematic errors in the analysis of soils for polychlorinated biphenyls. Part 2. Comparison of extraction
methods. Analyst, 119, 1283-1292.

[10] Wells D.E., Maier E.A. and Griepink B., (1992) Calibrant
and Calibration for Chlorobiphenyl Analysis. Inter. J. Environm. Anal. Chem., 46, 255- 264.
[11] Covaci A., Hura C., Schepens P. (2001), Selected persistent
organochlorine pollutants in Romania. Sci. Total Environ.,
280, 143-152.
[12] Kocan A., Petrik J., Jursa S., Chocanowa J., Drobna B.
(2001), Environmental contamination with polychlorinated
biphenyls in the area of their farmer manufacture in Slovakia.
Chemosphere, 43, 595-600.
[13] M.R. Natarjan, W.-M. Wu, J. Nye, H. Wang, L. Bhatnagar,
M.K. Jain (1996) Dechlorination of polychlorinated biphenyl
congeners by an anaerobic microbial consortium. Appl. Microbiol. Biotechnol., 46, 673-677.

Received for publication: July 11, 2002
Accepted for publication: October 10, 2002

CORRESPONDING AUTHOR
Wiesław W. Sułkowski
Department of Environmental Chemistry
and Technology, Institute of Chemistry,
University of Silesia
Katowice - POLAND
e-mail: wsulkows@uranos.cto.us.edu.pl
FEB/ Vol 12/ No 2/ 2003 – pages 158 - 164

169

© by PSP Volume 12 – No 2. 2003

Fresenius Environmental Bulletin

GAME ANIMALS AND SMALL TERRESTRIAL MAMMALS –
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SUMMARY

INTRODUCTION

Bioindicators of animal origin are an effective tool
for the monitoring of environmental contamination of
agrarian ecosystems which are known to contain considerably higher concentrations of some organic pollutants
than other matrices, such as air, water, or soil. Small terrestrial mammals are also used in the monitoring of terrestrial
ecosystems in some countries. The major objective of this
study was to test the suitability of small terrestrial mammals for chemical monitoring. Considering the nutrition
habits and lipid content in the skin and other tissues, the
following species were selected: a) small terrestrial mammals - field vole (Microtus arvalis), bank vole (Clethrionomys glareolus), wood mouse (Apodemus flavicollis), and yellow necked mouse (Apodemus sylvaticus); b)
game animals – hare (Lepus europaeus), roe deer (Capreolus capreolus), fallow deer (Dama dama); c) others pheasant (Phasianus colchicus), carp (Cyprinus carpio),
bee (Apis mellifera). The animals were collected in defined
localities in South and Mid Moravia. Concentrations of
PCB congeners were determined in the skin, muscles, and
liver, or, in some cases, in composite samples of the digestive tract. It is concluded that small terrestrial mammals are
a suitable bioindicator for the assessment of contamination
rate in both smaller localities and larger areas.

KEYWORDS: bioindicators, agrarian ecosystems, game animal,
small terrestrial mammals, PCBs, assessment of contamination.

The evaluation of an ecosystem relies on a number of
factors. In order to understand causal links between the
occurrence and behaviour of individual species and connections between morphological features, physiological
processes and population dynamics of animals and plants,
scientists have employed the methodology of biological
indication and attempted to gain information about a
particular factor by monitoring its effects in living organisms. According to Nováková [1], the bioindication methods are being increasingly used in ecological monitoring.
The main advantage of bioindication used to follow
changes in the environment during traditional biological
and ecological monitoring is that the sampling method is
relatively simple. However, traditional biological monitoring cannot be applied if the samples to be taken are not
homogeneous.
Systematic monitoring of the ecotoxicological impairments in ecosystems is carried out on suitable living
objects (vegetable and animal species), whose response to
harmful substances observed in the environment is similar
to that of crops, domestic animals and humans.
Some of the most important properties required for
test species are listed below:
• abundant occurrence in all kinds of habitat;
• stability of basic physiological parameters and of
morphological features with limited ecological plasticity, related to the conditions of natural habitats;
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• prompt response to anthropogenic factors and processes in ecosystems;
• tolerance of the above factor, i.e. resistance to longterm and intensive effects of a particular pollutant;
• fast metabolism, so that the effect of pollutants can be
observed even at their trace concentrations
• long lifespan ⇒ to reveal consequences of chronic
exposure
• fast reproduction (fast sequence of generations): for
early detection of genetic changes, inherited defects
and deformities ⇒ to reveal the effect of a pollutant
on several generations of the same population;
• animals ⇒ must be located in a site of small size, then
the variations can be related to the particular
ecosystem;
• easy accessibility ⇒ consistency of batch examinations;
• attachment to a group of species with known basic
physiological, biometric and population values;
• unaffected by crop growing and animal farming.
The best animal bioindicators are the following species: brown hare, roe deer, pheasant, common partridge,
wild ducks and small rodents [2]. The examination of
blood performed in some of the test organisms is very
useful particularly for the determination of stress imposed
on an organism [3].
The ecosystem under the stress imposed by indicator
congeners of PCB was the subject of a number of detailed
environmental studies conducted particularly on wild
animals. Generally, most studies published in the
available literature were conducted on roe deer and otters.
The most common pollutants found were PCB congeners
138, 153 and 180, that also occurred in the highest
concentrations [4, 5]. A comprehensive study conducted
on foxes, which died of natural causes or were killed in a
hunt, was published in Italy. PCB congeners 138, 153 and
180 accounted for 64% of the total sum of PCBs and their
levels ranged from 1.0 to 2.6 µg/kg (calculated on fat) [6].
Wild game is a suitable animal bioindicator, which
can be used to determine contamination in any ecosystem.
When assessing external influences causing the
contamination of game we must consider pollution
monitoring performed in the area of former factories that
produced commercial PCB mixtures. One example of
such a contaminated environment is the area around the
chemical plant Chemko Strážské in the Slovak Republic,
where PCB mixtures with trade names Delor 103, Delor
106, Hydelor and Delotherm were produced [7]. Wild
game is the most vulnerable species to be affected by the
pollution of the ecosystem caused by extremely high
contamination of air, soil and vegetation by xenobiotics.
The levels of PCBs in serum, tissues and parenchymatous

organs of game was monitored in the experimental site
“Orlová” located in the grounds of Chemko Strážské,
where in the period from 1959 to 1984 the products
containing PCBs were manufactured. One of the goals of
the study was to reveal waste sites that were established
illegally in the past. In 1997 the PCB concentrations
detected in pheasants living in this area exceeded the
permissible limit. As a result, the monitoring of these
pollutants in predators of small animals such as stray cats
and foxes was also initiated. The results of two years’
monitoring have shown that PCBs are still present in the
area, although the plant ceased the production in 1984.
The highest concentrations of PCB congeners were
detected in predators (stray cat, fox). An extremely high
level of PCB 138 (14.7 mg/kg) – one hundred times
above the permissible limit - was detected in a stray cat.
The permissible limit for PCB 138 (according to
regulations of the Ministry of Labour of the Slovak
Republic and of the Ministry of Agriculture of the Slovak
Republic No. 981/1996-100 - Food Code of the Slovak
Republic) is 0.20 mg/kg.
A relatively high level of occurrence of PCBs was
also detected in pheasants with the highest value of PCB
180 being 3.39 mg/kg (the permissible limit for PCB 180
was 0.15 mg/kg). The PCB levels in hares and wild boars
were not as high as in pheasants; concentrations of PCB
153 and PCB 180 congeners in these animals were just
above the permissible limit. For roe deer only one single
detected value exceeded the permissible limit, while in
deer the limit was not exceeded in any case. In 1998 the
PCB levels found in the liver and muscles of all
monitored wild animals were above the permissible limit.
According to the authors this was probably caused by a
high level of ground water in 1998 that flushed out
persistent xenobiotic substances from illegal waste sites
up to the surface. The highest PCB levels were found in
animals occurring in the close vicinity of a factory site used
for the transportation of commercial mixtures containing
PCBs. Interestingly, PCB levels in muscles were higher
than those in the liver of all species examined [8]. The
results obtained during the monitoring of 30 different
wild animals (hares, pheasants, wild boars, roe deer, deer)
carried out between 1995 and 2000 showed that both
maximum and average levels of PCBs were highest in
pheasants; this trend applies particularly to PCB 153 (its
average concentration was 8.53 mg/kg, its maximum concentration was 28.53 mg/kg). The highest concentration
was 142 times higher than the permissible limit. It should
be noted that the level of PCB 28 was relatively high and
probably resulted from secondary contamination originating from the environment. The authors compared this
result with the maximum value detected in pheasants in the
Czech Republic in 1998 (1.79 mg/kg, calculated on fat). In
spite of high levels of PCB138, PCB 153 and PCB 180
found in monitored animals the state of health of game
living in the vicinity of Chemko Strážské was good [7].
To prevent negative consequences of the PCB production,
barriers were built up in order to divert wild animals into
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a neighbouring environment. Game is regularly examined
for PCBs and the potential PCB sources in the area of the
former production plant are controlled and isolated
whenever possible [8].
The pollution of agricultural ecosystems can be monitored using animal bioindicators in which the levels of
pollutants may be significantly higher in comparison with
the levels currently detected in air, water and soil. Accumulation coefficient Kc [9] must be determined for all
bioindicators employed in the monitoring as well as in the
search for pollution sources.
Small terrestrial mammals can be used as bioindicators of ecotoxicological burden. The major benefit is that
analyses of relatively large sets of animals yield factual
information on the area under study. It has been recommended to prefer those animals which feed on plants,
such as species of the genera Microtus, Clethrionomys,
and Apodemus [1].
Studies focused on the concentration of PCB in tissues
of small terrestrial mammals are rather rare and all contain
only data on sum of PCB lacking congener analyses. Results of comprehensive ecotoxicological studies of the
effects of PCB on mice, published by other authors, who
used white footed mice (Peromyscus leucopus), indicate
that this species is a suitable bioindicator [10; 11].

MATERIAL AND METHODS
The game animals and small terrestrial mammals (localities Velká Losenice, Staré Město) to be analysed for
PCB were collected in 1996 to 1998. The game animals
were trapped and prepared for analyses with specialists of
the University of Veterinary Sciences Brno. The small
terrestrial mammals were trapped and prepared for analyses on contract with the specialist of the Institute of
Landscape Ecology of the Czech Academy of Sciences,
Brno. Catches were collected at 24-h intervals, transported to the laboratory and stored at -10 °C until dissection.
Species and gender were identified and sexual activity
was determined by dissection [2].
Kidneys, livers, muscles, skins, and the rest of the digestive tract were collected separately. Individual samples
were too small and the content of lipids too low for separate analyses. Therefore, composite samples were prepared and PCB were determined in the skin, muscles,
digestive tract and/or livers. Kidney samples were unusable owing to their small size and low weight.
Chemicals

Anhydrous sodium sulphate (analytical grade), heated
in a muffle furnace at 650° C for 4 h; Florisil 60/100 mesh,
cleaned and heated at 600° C; aluminium oxide (chromatography grade), cleaned and heated at 400° C; before use,
the sorbents were activated in a hot– air oven at 130° C.

The activated sorbents can be stored in brown wide-neck
bottles in a dessicator for 3 days; n-hexane, residue analysis grade; petroleum ether (analytical grade, boiling point
40-60°C), additionally distilled twice in a ground-glass
apparatus; diethyl ether, analytical grade, bidistilled, peroxide-free and dried over anhydrous sodium sulphate;
acetone, (residue analysis grade); sulphuric acid 96 %
(Suprapur, Merck); n-hexane, isooctane (SupraSolv;
Merck), elution mixtures n-hexane-diethyl ether (94:6), nhexane – acetone (94:6).
Standard PCB congener mixture in isooctane with a
concentration of 10 µg of each congener per 1 ml (Promochem, Germany); standard PCB congener mixture in
n-hexane with a concentration of 100 µg of each congener
per 1 ml (J.T.Baker); reference material of Dr. Ehrenstorfer company (Lard with Pesticides and PCBs, R
900100; NIST, standard reference material 2974 Organics
in Freeze-Dried Mussel Tissue).
Preanalytical procedures

Lipid content was determined gravimetrically. Homogenized samples were dried with anhydrous sodium
sulphate and lipids were extracted continuously with
diethylether for 6 hours. The solvent was evaporated and
the extracted lipids were weighed and expressed in g per
100 g of tissue. Lipids to be analysed for PCB were extracted in the same way, except for the solvent which was
a 94 : 6 mixture of n-hexane : diethylether.
PCB indicator congeners were determined using the
Standard Operation Procedures of the Laboratory of Organic Pollutants, which are included in the Laboratory
Manual: animal tissues were homogenized, ground with
dried anhydrous sodium sulphate, sonicated and extracted
three times with cold petroleum ether/diethyl ether (96:4).
The extracts were pooled after reducing their volume to
1 ml in a rotary vacuum evaporator, and cleaned on a
column of Florisil. The volume of the cleaned extract was
reduced to 1 ml and the extract was prepared for High
Resolution Gas Chromatography with Electron Capture
Detector (HRGC/ECD). All measurements were done in
three duplicates.
Analytical methods

Gas chromatograph, Hewlett-Packard 5890 Series II
with ECD 63 Ni (USA); capillary column HP 5 (60 x
0.25 mm, film thickness 0.2 µm ); 5 % phenylmethylsilicone; split/ splitless injector (150s); temperature 250° C,
injector volume 0.1 µl “hot needle” technique. Carrier gas:
helium - linear speed 16.5 cm . s – 1; temperature programme:
40°C for 5 min followed by an increase at 30° C . min-1 to
180° C and at 2° C . min-1 to 280 °C, and 280° C for 10 min;
detector 63 Ni ECD, temperature 300° C; pressure programming: constant flow at at 1.0 m . min –1
Quantitative assessment was carried out using the external standard method (absolute calibration) within the
linear range of the detector. Regarding the wide range of
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concentrations of the analytes under study to be expected in
real samples, a calibration range of 0.1 to 500 ng per 1 ml of
the standard working solutions was chosen corresponding
to 0.1 to 500 pg in the injected volume of 0.1 µl. Under the
conditions of our analyses, the following detection limits
(µg per ml) for ECD were defined: PCB 28 – 0.01; PCB
52 – 0.01; PCB 101 – 0.02 PCB 138 – 0.02; PCB 153 –
0.02; PCB 180 – 0.02.
RESULTS AND DISCUSSION
For purposes of greater clarity, the results obtained in
our study are summarized in tables and depicted in figures.
The basic statistical parameters (median, range and SD) are
introduced for each PCB congener. Table 1 shows that the
lowest concentrations were found for PCB 101 and that in
most cases the findings were below the detection limit.
PCB 28 and PCB 52 were mainly detected from a group of
low-chlorinated PCBs. The concentrations detected indicate that atmospheric deposition also contributed significantly to pollution. Increased levels of PCB 28 and PCB 52
congeners are typical of this site, which was highly conta-

minated by both analytes in the past. The matrices examined came from the region where Delor 106 (a commercial product containing PCBs, which was manufactured in
the former Czechoslovakia) had been used for the production of paints and varnishes before 1986. Our findings can
be compared with the data published in Slovakia on the
monitoring of the surroundings of Chemko Strážské
where commercial products containing PCBs (Delors)
were manufactured [7, 8].
The mean as well as individual concentrations of
high-chlorinated PCBs, such as PCB 118, 138, 153 and
180, did not reach or exceed the permissible limit valid
for game in the Czech Republic. However, the occurrence
rate of these congeners is alarming. If we compare our
data to those reported by the State Veterinary Administration of the Czech Republic it is obvious that our findings
are higher than the average values nationwide. On the
contrary, some of the individual concentrations of indicator PCB congeners found in game living in different sites
of the Czech Republic are orders of magnitude higher.
The permissible limit from 2000 to 2001 for game was
exceeded only three times.

TABLE 1 - Basic statistical parameters of PCBs in bioindicator samples [µg/kg f.c.] (n=25).

PCBs congeners

28

52

101

118

138

153

180

mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD

hare
muscle
6.4
5.8
2.2-9.6
0.7
1.9
2.0
1.0-4.3
0.5
<1
<1
x
x
1.0
1.2
<1-2.2
0.8
24.1
23.8
18.9-29.8
0.9
15.6
16.2
10.7-21.0
1.0
4.9
5.2
3.0-7.3
1.0

hare
liver
6.9
7.1
1.9-9.0
0.8
4.3
4.1
2.2-6.0
0.8
1.1
1.0
1.0-1.8
0.6
2.9
2.8
<1-4.0
0.7
34.7
35.3
30.6-40.4
1.2
18.7
19.3
14.6-21.5
1.2
8.3
7.8
6.1-10.2
0.9

roe deer
muscle
4.9
4.8
1.8-6.6
0.5
3.4
3.2
1.9-5.3
0.7
<1
<1
x
x
2.2
2.4
1.0-4.2
0.9
17.9
18.2
12.9-22.7
1.3
15.2
14.9
10.2-17.9
1.3
6.9
7.3
4.9-8.6
0.9

x – not evaluated; SD – standard deviation; n – number of samples
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roe deer
liver
7.2
7.0
3.5-10.2
0.8
3.9
4.0
2.8-6.9
0.3
1.0
1.4
<1-1,6
0.3
5.3
5.0
3.8-7.1
0.6
33.2
31.9
26.6-37.4
1.5
22.3
22.9
18.4-27.8
1.5
10.4
10.9
7.9-13.8
1.3

fallow deer
muscle
9.4
8.9
6.6-14.8
0.9
4.0
3.7
1.7-5.8
0.8
2.2
2.6
0.9-3.2
0,5
2.9
3.2
1.7-5.2
0.5
18.4
17.9
10.2-20.8
1.5
14.8
15.3
9.9-19.8
1.0
5.1
4.8
2.6-7.7
1.4

fallow deer
liver
13.3
12.8
9.1-18.6
0.6
5.2
5.5
3.2-7.4
0.4
3.9
4.1
2.8-5.4
0.8
8.8
9.0
7.3-10.9
0.8
39.3
40.6
30.6-45.9
1.3
20.4
20.8
12.7-26.4
1.1
7.4
7.0
4.7-8.8
1.4
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TABLE 2 - Basic statistical parameters of PCBs in bioindicator samples [µg/kg f.c.] (n=18).

PCBs congeners

28

52

101

118

138

153

180

mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD

pheasant
muscle

pheasant
liver

dead
bees

carp
muscle

Carp
soft roe

3.6
2.9
1.6-7.2
1.3
2.1
2.2
1.0-3.8
0.5
1.7
1.6
1.1-4.0
0.5
1.9
2.3
1-5.6
0.8
19.6
21.4
13.5-30.2
1.3
10.7
11.7
7.7-14.8
0.8
9.6
10.6
6.9-15.0
0.8

9.8
10.6
6.9-14.6
1.6
2.9
3.3
1.7-5.9
0.6
3.0
3.2
2.2-6.2
0.8
3.9
4.4
2.8-7.6
0.9
32.5
31.9
25.0-43.1
1.8
19.9
19.0
10.3-26.2
1.3
13.0
13.3
9.8-16.6
0,7

4.2
3.8
2.6-6.3
1.1
1.9
1.7
1.0-2.6
0.5
<1
<1
x
x
1.0
1.4
<1-1.9
0.5
20.9
19.7
13.5-26.8
0.8
8.4
7.7
5.4-11.7
1.3
6.3
5.9
2.9-8.6
0.8

8.0
7.7
5.9-10.0
0.9
2.5
2.7
1.3-3.9
1.0
1.6
1.8
1.0-2.4
0.6
12.8
11.9
7.7-14.8
0.8
82.4
80.6
65.7-94.8
1.1
14.3
12.9
9.2-18.3
0.9
4.3
4.0
2.5-6.3
0.5

10.1
9.6
8.3-12.5
0.7
3.4
3.0
2.2-5.0
0.7
2.0
2.0
1.0-2.9
0.8
17.6
16.8
12.6-19.9
0.8
78.5
79.2
63.3-90.8
0.5
15.5
14.8
10.7-18.4
0.8
3.3
3.5
2.3-6.9
0.4

x – not evaluated; SD – standard deviation; n – number of samples

Table 2 presents the concentrations of indicator PCB
congeners in bioindicators of other animal origin. It provides the PCB concentrations found in the tissues of
pheasants, in the bodies of dead bees and in carp muscles
and milt. Samples of all these matrices were taken at the
same site as those described in Table 1. Obviously, the
trend of the results is similar to that found in the bioindicators of the first group of animals. Therefore, it may also be
assumed that in this case the pollution originated from a
contaminated region (reclaimed and illegal waste sites with
disposed waste and paints) and also from secondary contamination arising from atmospheric transfer. The lowest
concentrations were found for PCB 101 and 118 (bodies of
dead bees), while the highest concentrations were detected
in matrices originating from carp. The amounts of these
PCBs detected in single carp muscles and milt were 94.8
and 90.8 µg/kg of fat content (f.c.), respectively.
Table 3 provides an overview of the findings determined in small ground-living animals. In addition to the

data obtained in the contaminated site at Staré Město, it
contains the levels of pollutants found at the Velká Losenice site, that is considered to be a “clean site” of the Czech
Republic. These data show that there were no significant
differences in the concentrations of the analytes monitored.
Furthermore, the results prove unambiguously that small
ground-living mammals belong to a group of bioindicators
that are closely related to the particular site and can reliably
indicate the strain on the particular ecosystem. This gives
us a clear signal of the presence of a source of contamination, that also occurred at this “clean site”. This was probably a former waste site established in the past by an industrial or agricultural plant, which used commercial products
containing PCBs. If we compare our results with the data
published worldwide, it is obvious that the levels of analytes monitored in particular matrices were similar; the only
differences occurred in the pollutant levels in muscles.
However, this may be connected to the age and weight of
single strains of mice. It was not clear from the literature
how old the respective animals were [3, 12].
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TABLE 3 - Basic statistical parameters of PCBs in mice samples [µg/kg f.c.].

Locality - Velká Losenice (n=15)
skin
liver
muscle
1.6
3.5
1.4
1.9
3.7
1.6
<1-2.2
2.3-4.9
1.0-2.2
0.4
0.6
0.5
1.3
1.9
1.3
1.1
2.1
1.5
<1-1.7
1.1-3.3
1.0-2.1
0.3
0.6
0.4
2.0
2.9
1.6
2.3
3.0
1.5
1.3-2.9
1.8-4.1
<1-2.6
0.7
0.6
0.3
4.3
6.3
2.4
4.0
6.0
2.9
2.9-5.1
5.0-7.4
1.8-3.3
0.6
0.6
0.8
12.9
23.5
8.9
13.3
24.1
8.9
11.2-17.4
18.9-31.3
6.7-12.1
0.9
0.7
0.8
10.8
16.8
6.5
10.7
17.2
7.0
9.5-13.1
12.8-20.9
3.8-10.9
0.9
1.4
1.0
6.9
11.2
2.9
6.3
10.6
3.1
5.2-8.7
8.1-14.7
1.7-6.2
0.6
0.8
0.8

PCBs congeners
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD

28

52

101

118

138

153

180

Locality - Staré Město (n=15)
skin
liver
muscle
2.8
4.2
1.9
3.1
4.0
2.2
2.0-4.2
2.8-6.2
<1-3.2
0.8
0.5
0.7
1.5
2.3
1.3
1.6
2.6
1.5
<1-1.9
1.9-6.0
<1-2.6
0.3
0.6
0.3
1.2
2.5
2.2
1.4
2.9
2.0
<1-1.7
1.4-4.7
1.2-4.4
0.2
0.8
0.9
3.6
7.0
4.1
2.9
7.4
4.4
1.7-5.2
3.7-9.2
2.8-7.3
1.1
0.9
0.8
15.4
25.6
10.3
14.9
25.9
11.2
11.8-19.6
19.1-32.3
6.9-13.6
0.6
0.8
0.9
9.8
18.2
7.5
9.2
19.3
7.7
7.8-10.9
10.7-24.5
4.8-9.3
0.9
1.5
1.0
6.3
13.4
4.4
6.7
14.1
4.3
5.0-7.9
8.2-19.7
2.9-8.3
0.6
0.9
0.9

x – not evaluated; SD – standard deviation; n – number of samples
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FIGURE 1 - Concentrations of all indicator PCB congeners (µg/kg of f.c).
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FIGURE 2 - Contents of individual PCB congeners by percentage in all the materials monitored.

For better clarity, Fig.1 shows the concentrations of
all indicator PCB congeners (µg/kg of f.c.) detected in the
matrices specified above. From the results, it is obvious
that in all the materials the highest concentrations were
found for PCB 138 and 153; high values were also found
for PCB 28 and 180. Fig. 2 depicts the contents of individual PCB congeners by percentage in all the materials
monitored. The columns in the Fig. are arranged in a
manner, that for each animal strain the first column indicates the muscles and the second, the liver (or the milt, for
carp). The figure also shows that the hydrosphere, for
which the sediment was the most contaminated, contains
PCB 138 as the most common pollutant.
In our research we addressed the problem of using
game and small ground-living mammals to evaluate the
levels of contamination by organic pollutants, particularly
by PCB. During the experimental monitoring the question
emerged as to whether it was at all necessary to observe
the provisions of Act No. 246/1992 Coll. relating to the
Protection of Animals against Maltreatment and related
regulations and guidelines as amended. Provided that the
treatment of small ground-living mammals captured for
the purpose of research is classified as an experiment, the
following laws and regulations which define the conditions and rules for using wild animals in experiments,
must be observed: Act No. 246/1992 Coll. relating to the
Protection of Animals against Maltreatment as amended
by Act No. 162/1993 Coll., Act No. 193/1994 Coll., Act
No. 243/1997 Coll., and by Constitutional Court Verdict

No. 30/1998 Coll., Regulation on the Breeding and Use of
Laboratory Animals No. 311/1997 Coll., the Veterinary
Care Act and amendments to related laws (Veterinary
Care Act) No. 166/1999 Coll., Act No. 114/1992 Coll.
concerning the Protection of Nature and Landscape and
related laws as amended, Regulation No. 395/1992 Coll.,
which implements certain provisions of the Act concerning
the Protection of Nature and Landscape, Act No. 16/1997
Coll. relating to the conditions of the import and export of
endangered wild animal and plant species and other
measures for the protection of these species as amended,
Regulation No. 82/1997 Coll., which implements certain
provisions concerning the conditions of the import and
export of endangered wild animal and plant species and
other measures for the protection of these species.
CONCLUSIONS
Indicator PCB congeners were monitored in the matrices of selected bioindicators of animal origin, that occurred in the site where Delor 106 was used during the
manufacture of paints and varnishes from 1970 to 1985
and where there was a factory for the preparation of precoated gravel using a technological procedure requiring
Delor 103. It was shown that game, small ground-living
mammals, fish and the bodies of dead bees can be employed as sensitive indicators of the pollution in a particular ecosystem. The lowest concentrations of PCBs were
found for PCB 101 and 118, while the highest concentra-
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tions were detected for PCB 138 in all the mentioned
materials. In terms of absolute values the highest concentrations of PCB congeners were found for the following
matrices: PCB 28 – 18.6 µg/kg f.c. (fallow deer liver),
PCB 52 – 7.4 µg/kg f.c. (fallow deer liver), PCB 101 –
6.2 µg/kg f.c. (pheasant liver), PCB 138 – 94.8 µg/kg f.c.
(carp muscle), PCB 153 – 27.8 µg/kg f.c. (roe deer liver),
PCB 180 – 19.7 µg/kg (mouse liver). On the basis of our
study it can be concluded that all the tested bioindicators
of animal origin can be used for evaluating the level of
contamination in various ecosystems.
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PROFILE OF HEALTH EFFECTS RELATED
TO PROXIMITY TO PCB-CONTAMINATED
HAZARDOUS WASTE SITES IN NEW YORK
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SUMMARY
In New York every state-regulated hospital must report all diseases diagnosed in each in-patient upon discharge to the Department of Health. We have utilized this
database to examine the relative incidence of various
diseases in relation to the patient’s residence as a test of
the hypothesis that living near to a polychlorinated biphenyl (PCB)-contaminated site poses a risk of exposure
and, consequently, an increased risk of acquiring certain
diseases. Using zip code of residence of the patients we
have compared diagnosis at hospitalization of persons
living in zip codes with persistent organic pollutants
(POPs), primarily PCBs, to those living in zip codes with
hazardous waste sites containing other pollutants, or in
zip codes that do not contain a hazardous waste site. We
find elevated thyroid disease in women, elevated incidence
of female genital disease (especially endometriosis), elevated chronic bronchitis in men and women and elevated
incidence of infectious disease in children. These observations are consistent with the hypothesis that the elevations
in these diseases are secondary to endocrine disruption
and immune suppression caused by PCBs.

KEYWORDS: thyroid disease, genital disease, endometriosis,
infectious disease, respiratory disease.

INTRODUCTION
It is generally accepted that the primary route of exposure to PCBs is through consumption of contaminated
food [1]. There is no question but that very high levels of
PCBs can be obtained through consumption of highly
contaminated fish, and that PCBs have contaminated most
of the fatty substances in our diets at low levels. There
are, however, other possible routes of exposure, including
inhalation, dermal absorption and unintended ingestion of

contaminated dust or dirt. It has not proven easy to evaluate the contribution of these other routes of exposure to
human body burden of PCBs and to consequent disease.
Since PCBs are persistent substances, they accumulate
with time independent of route of exposure.
In the present investigation we have tested the hypothesis that simply living near to a PCB-contaminated
site poses a risk of exposure and to disease. In New York
every hospital except federal hospitals must report to the
New York State Department of Health all (up to 15) diseases diagnosed in each patient, whether or not the disease was the cause of hospitalization. This database,
called the Statewide Planning and Research Cooperative
System (SPARCS) contains, among other things, the zip
code of residence of the patient, sex, age and race. There
are some limitations with use of the SPARCS database as
we have used it, in that we cannot distinguish multiple
hospitalizations by one patient from independent hospitalization from different persons. Nonetheless, it is a potentially powerful tool for investigation of the relative distribution of disease in the population. If this hypothesis is
true, it is unlikely that fish consumption will explain the
relationship, since sports or subsistence fisher-persons are
not defined by the zip code of their residence.
New York has more than its share of hazardous waste
sites. The New York State Department of Environmental
Conservation (NYSDEC) has identified 864 sites (state
Superfund sites) deemed to pose potential threats to human
health. These include the 89 federal National Priority Sites
found in New York as well as the six Areas of Concern
identified by the International Joint Commission, the USCanadian body responsible for advising the two governments on issues related to the Great Lakes and boundary
waters. We have not considered New York City in this
study since it is quite different from the rest of New York.
We have taken this list of contaminated sites and identified
three categories of zip codes: 1). Those which contain or
abut a site with persistent organic pollutants (POPs), in-
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cluding PCBs, dioxins/furans and persistent pesticides, and
a subcategory of those with PCBs, but not other POPs, 2).
Those with a hazardous waste site with other wastes (volatile organics, metals etc.), but not POPs; 3). Those that do
not contain or abut any hazardous waste site (clean zips).
We have then used the SPARCS data to match to zip
codes in these categories in order to determine whether
certain diseases that might be expected to result from PCB
exposure are more common when people live near to PCB
contaminated sites. Since for many diseases there are
many other factors important to consider, such as socioeconomic class and personal behaviors, such as smoking
and diet, we have also determined average family income
from the 2000 US Census and have examined the Behavioral Risk Factor Surveillance System (BFRSS) data for
smoking, exercise and diet.
These studies must be considered to be hypothesis
generating, since we obviously do not have a direct measure of exposure. There is, however, some precedence for
believing that residence near to a hazardous waste site
constitutes a risk of disease. Most investigations to date have
monitored incidence of birth defects. Geschwind et al. [2]
reported significantly elevated risks for all congenital malformations (OR 1.63, 95% CL 1.34-1.99), for neural tube
defects (OR 1.27, 95% CL 1.03-1.57) and for musculoskeletal defects (OD 2.63, 95% CL 1.90-3.67) in infants born to
mothers who live near to hazardous waste sites in New
York. Croen et al. [3] found elevated risk (OR 2.1, 95%CL
0.6-7.6) for neural tube defects among mothers living within 1/4th mile from a hazardous waste site. Dolk et al. [4]
report an odds ratio of 1.86 (95% CL 1.24-2.79) for neural
tube defects in five European countries if the mother lived
within 3 km of a landfill site.
In this initial investigation we have looked at diseases
that might be expected to result from disruption of the
thyroid and sex steroid endocrine systems, as well as
disease that might occur more frequently as a result of
suppression of the immune system, all actions known to
result from exposure to PCBs [1, 5].
METHODS
We have utilized the SPARCS data for the years
1993-1998, and in some cases from 1993 -2000. The total
population of New York outside of New York City in 1990
was 10,670,040, leading to 8,010,938 hospitalizations in
the period 1993-1998. We examined the distribution of
diagnosis of thyroid disease in women (ICD-9, 240-246),
female genital disease (ICD-9, 617-629) and one subcategory (ICD-9, 617) for endometriosis, chronic bronchitis (ICD9, 491) and hospitalization of children, ages 0-9 years, for
five different types of infectious disease (intestinal infectious diseases (ICD-9, 001-009), ear infections (ICD-9, 380382), acute respiratory infections (ICD-9, 460-466), pneumonia and influenza (ICD-9, 480-487) and infections of
skin and subcutaneous tissue (ICD-9, 700-709).

Of the 1,752 zip codes in New York (excluding New
York City) we identified 200 as containing or abutting
POPs sites. Of these 200, 182 contain or abut sites with
PCBs but not other POPs, and 78 of these zip codes (population 930,165) abut the Hudson River. There are 267
zip codes containing or abutting hazardous waste sites
with other contaminants, and 988 zip codes without any
hazardous waste sites.
Many of the PCB sites are contaminated bodies of
water, including the Hudson River which is 200 miles of a
National Priority Site and a number of locations along the
Great Lakes and the St. Lawrence River. Other sites have
PCBs or persistent pesticides in landfills. The ability of
PCBs to migrate may be different from bodies of water as
compared to landfills, since if volatile PCBs are a risk for
exposure, it is known that volatilization occurs with evaporation of water [6,7]. In early studies we lumped all sites
with POPs, but in later studies we separated out sites with
PCBs for comparison with sites without any POPs and
clean zip codes. We recognize that most hazardous waste
sites contain multiple contaminants, but our coding was
done on the basis of those chemicals identified by either
the US Environmental Protection Agency or NYSDEC as
being the major contaminants at each site.
Statistical analysis employed calculation of the direct
age-standardized morbidity rates as described in our previous publication [8].

RESULTS
Figure 1 shows the diagnosis of thyroid disease as a
function of age in women who reside in zip codes containing or abutting POPs-contaminated sites in New York,
compared to all other zip codes in New York other than
New York City, all clean zip codes and all zip codes with
a hazardous waste site not containing POPs. There is a
highly significant excess of diagnosis of thyroid disease at
all ages greater than 20 years for women living in POPs
contaminated sites. These results are almost identical to
those we have previously reported for women living near
three Areas of Concern in Western New York [8]. There
are few known other risk factors for thyroid disease, and
no obvious other reason why this disease should be so
elevated in proximity to PCB sites beyond the possibility
that PCBs disrupt thyroid function.
Figure 2a shows similar morbidity data for female
genital disease. There was a significant excess diagnosis
on hospitalization for women living near to POPs contaminated sites. Figure 2b shows results for endometriosis,
which is one subgroup under female genital disease.
There is a striking excess diagnosis in those zip codes
containing or abutting POPs contaminated sites. Female
genital disease, and especially endometriosis, may result
from many causes, but it is not obvious why any of these
should vary with the nature of contaminants in hazardous
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waste sites other than those hazardous materials that induce the genital disease.
While endometriosis accounts for some of the excess
of female genital disease seen in Figure 2a, it does not
nearly account for all of it. It has been known for a long
time that coplanar PCBs and dioxins are immunosuppressive agents. If living near to a hazardous waste site containing PCBs is a risk factor for exposure to PCBs, one
might expect to see a greater number of hospitalizations
for infections in residents living in those zip codes than in
others. Figure 3 shows results obtained through use of the
SPARCS data for hospitalization of children, ages 1 to 9
years, for five different infectious diseases (acute ear
infections, acute respiratory infections, pneumonia, acute
gastrointestinal infections, skin infections). There is a
striking elevation in hospitalizations for these infectious
diseases in children, most pronounced at the younger
ages, when compared to children living in zip codes that
do not contain a hazardous waste site.
Figure 4 shows the rate of hospitalization of women
for chronic bronchitis. Chronic bronchitis is a chronic
infection of the respiratory tract. Smoking is a major risk
factor for chronic bronchitis. As shown in Figure 4a, there
is a significant elevated risk of chronic bronchitis in the

PCB contaminated sites as compared to all other comparison groups. We do not have information on smoking
habits of these persons. However, smoking is well-known
to be more commonly a habit of persons of lower socioeconomic status, and this might explain the observed
relationship. However, it is also clear that, in general,
poor people live near to hazardous waste sites, whereas
more wealthy people live in clean zip codes. The average
per capita income in PCB contaminated zip codes was
$14,681 according to the 2000 Census, while it was
$17,754 in clean zip codes and $15,907 in zip codes with
other waste sites. Thus, we cannot eliminate the possibility that the differences are due to socio-economic class.
The PCB contaminated sites are dominated by the
Hudson River. Figure 4b shows the same relationship
among residents of zip codes which abut the Hudson
River. There is a similar elevation of chronic bronchitis in
this population, but here the mean income is $16,139.90,
which is more than that for clean zip codes. Therefore,
at least on the basis of the average income, these results
do not appear to be due solely to socio-economic class.
In addition, the BFRSS data base shows that people who
live in counties along the Hudson River smoke less, eat
better and exercise more than residents of the other
counties of the state.

Age-Standardized Morbidity Rate per 100,000
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FIGURE 1 - Hospitalization diagnosis of thyroid disease (ICD-9 240-246) in women living in zip codes containing or abutting a
POPs-contaminated site in New York excluding New York City (left, “POPs”), compared to women living in zip codes without any
state or federal hazardous waste site (middle, “clean”) and women living in a zip code containing a hazardous waste site, but not one
with POPs (right, “other waste”). There is a statistically significant elevation against both comparison populations at p<0.01 using
the statistical procedures described by Carpenter et al. [8].
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Figure 2A
Age-Standardized Morbidity Rate per 100000 Population of
Other Disorders of Female Gential Tract
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Figure 2B
Age-Standardized Morbidity Rate per
100,000 Population of Endometriosis
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FIGURE 2 - Hospitalization diagnosis of female genital disease (ICD-9 617-629) (A) and endometriosis (ICD-9 617), which is a subtype of female genital disease (B), in women living in zip codes containing or abutting a POPs-contaminated site in New York excluding New York City (left, “POPs”), compared to women living in zip codes without any state or federal hazardous waste site (middle,
“clean”) and women living in zip codes with a hazardous waste site but not one containing POPs (right, “other waste”).
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Standardized Morbidity Ratio and the Confidence Intervals of
"PCB exposure" areas versus "Clean" areas for white children

SMR
1.6
1.5
1.4
1.3
1.2
1.1
1
0.9
0.8
0

1

2

3

4

5

6

7

8

9

Age
FIGURE 3 - Hospitalization of children living in zip codes containing or abutting a PCB contaminated site with
one of five types of infectious disease as compared to children living in zip codes without any hazardous waste site.
The points show odd ratios +/- SEM. Data are from hospitalizations between 1995-1999.
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FIGURE 4B
Age Standardized Morbidity Rates by Chronic Bronchitis in NYS Females
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FIGURE 4 - Hospitalization of women diagnosed with chronic bronchitis. Part A shows a comparison of disease diagnosis for
women living in POPs-contaminated zip codes as compared to zip codes without hazardous waste sites (clean, second from left), zip
codes with hazardous waste sites containing other substances (non-PCB, second from right) and all the rest of New York (far
right). Part B shows the incidence of chronic bronchitis in women living in zip codes adjacent to the Hudson River, as compared to
“clean” zip codes, those with hazardous waste sites but not containing PCBs, and the rest of New York.

DISCUSSION
These studies show that there is a significant excess
of several diseases among individuals who reside near to
bodies of water or hazardous waste sites containing PCBs
and/or other persistent organic pollutants. For each of the
diseases investigated there is reason to suspect that the
risk of that disease would be increased by exposure to
PCBs. These results are surprising for several reasons.
The study was based on the questionable hypothesis that
simply living near to a PCB-contaminated site poses a
risk of exposure, and that exposure increases risk of disease. The route of this exposure must be something other
than fish consumption, since those who fish do not live
exclusively in zip codes near contaminated bodies of
water, and certainly most persons living in these zip codes
do not fish. The most likely route of exposure would
appear to be inhalation or ingestion of contaminated dust
particles. At the same time we recognize that zip code of
residence is an extremely inaccurate means of exposure
assessment. Nonetheless, the demonstration of significant
differences in disease incidence in residents of PCBcontaminated zip codes is difficult to explain by factors

other than exposure. However, clearly the next step in this
kind of study is to perform case-control studies, in which
one can get better exposure assessment.
For each of the diseases studied there is some reason
to suspect a role of exposure to PCBs. PCBs and dioxins
are structurally similar to thyroid hormone, and thus it is
not surprising that they have been found to interfere with
thyroid function in numerous animal and human studies
[9 - 11]. The most common finding is depression of free
and total T4 and elevation of TSH. The mechanisms are
not totally understood, but include at least competition for
serum protein binding sites and induction of degrading
enzymes [12,13]. While the magnitude of depression of
thyroid hormone levels is usually not sufficient to cause
blatant disease, our results suggest the hypothesis that other
thyroid diseases are also elevated upon PCB exposure.
Female genital disease and endometriosis are estrogen-dependent processes. Most PCBs and their metabolites are estrogenic [14, 15], although coplanar PCBs
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which induce P450s, like dioxin, may have antiestrogenic activity through elevations of the rate at which
endogenous estrogen is metabolized [16]. Estrogen is
known to be the major risk factor for many disorders of
the female reproductive tract [17,18]. There have been a
number of reports of endometriosis secondary to exposure
to these classes of chemicals [19,20]. As for thyroid disease, there are not many other known risk factors for
female genital disease and endometriosis.
PCBs and dioxins are known immunosuppressive
agents in both animals [21] and humans [22, 23]. For this
reason we looked at hospitalization rates for infectious
diseases in children. Children living in PCB-contaminated
zip codes were 30% more likely to be hospitalized with
infections than children living in clean zip codes. While the
controls for socio-economic status have not been completed
as yet, this observation is consistent with our hypothesis.
The exposure could be gestational, via breast feeding or a
combination of inhalation and ingestion post-natally.
Chronic bronchitis is a complex disease caused by a
variety of different factors. Bronchitis is basically an
infection, and thus agents which suppress the immune
system might be expected to promote this disease. However, smoking is a major risk factor, and as mentioned
above, smoking is relatively well tied to socio-economic
class. We found that chronic bronchitis was significantly
elevated in residents of POPs-contaminated hazardous
waste sites. However, residents of all of these sites in
New York do have a lower average income than any of
our other groups. However, the Hudson River contains
many of the PCB zip codes, and the average income in
these zip codes is greater than elsewhere. Furthermore,
when we use the BFRSS data based on county-wide behaviors, there is less smoking in these zip codes than in
the rest of the state. Therefore, at least in this region there
is no reason to believe that the elevated incidence of
bronchitis is secondary to known confounders, leaving for
further testing the hypothesis that living near to PCBcontaminated sites increases risk for several forms of
respiratory disease, including chronic bronchitis.
Clearly a zip code of residence is a very inexact
measure of exposure to PCBs, yet we find patterns of
disease consistent with what would be expected from such
exposure. Further study is necessary to confirm that the
differences in disease incidence does actually reflect
greater exposure. Nevertheless, our observations are consistent with the hypothesis that simply living near to a
hazardous waste site containing PCBs or other persistent
organics results both in exposure and increased incidence
of disease. If this is true, it seems likely that air transport
of contaminants is a major source of exposure, since other
routes of exposure would not be expected to be defined by
zip code of residence.
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SUMMARY

INTRODUCTION

Residents of Anniston, Alabama were highly exposed
to PCBs released from a nearby manufacturing plant from
the 1950s or earlier into the 1970s. Exposures probably
declined during the 1980s and 1990s following reductions
in releases and declined even further in the late 1990s
following remediation steps and increased awareness of
residents. In 1995, congener-specific serum PCB analysis
of 24 residents revealed a high proportion of octa- and
nonachlorobiphenyls, reflecting and documenting the high
exposure early in life. Additional serum samples were
drawn in September, 2000 from 12 residents spanning
age, gender and exposure group. More sensitive analysis
of these samples confirmed the aged residue pattern and
permitted further interpretations. The most important
implications include the following:
1)

Increased proportions of octa- and nonachlorobiphenyls indicated that some serum residues levels
had been >1,000 ppb in the past;

2)

Detectable levels of episodic congeners in some
residents indicated that they were being currently
exposed, most likely to airborne PCBs;

3)

Children removed from recent exposures had decreased levels consistent with dilution of perinatal
residues by growth, while body weight reduction
correlated with an increased current concentration in
an adult resident

4)

One child had a high serum residue level, possibly
reflecting both high perinatal exposure and modest
recent exposure;

KEYWORDS: chlorobiphenyl, congener, PCB, human, persistent,
episodic, Anniston, residue.

Site characteristics

Anniston, Alabama is one of two sites in the USA
where Monsanto Chemical Company and its predecessors
manufactured PCBs. PCBs were manufactured at the site
from 1929 to 1972. Production rates during the 1960s
were in the range 1.1 – 2.2 107 kg yr-1, with an approximate breakdown of 67% Aroclor 1242, 16% Aroclor
1254, 7% Aroclor 1260, 4% Aroclor 1248, 3% Aroclor
1262, 2% Aroclor 1221, and <1% Aroclor 1268 [1]. PCBs
were released into a residential neighborhood by aqueous
discharge into a ditch, disposal of scrap into landfills, and
emissions into the air; they subsequently spread downstream and through the neighborhood through movement
of water and sediment, erosion and flooding, wind-blown
dust, tracking by humans and animals, and probably other
routes [2, 3]. Although discharges and environmental
residues had been reported as early as 1968, the extent of
the contamination did not become widely known until
1993 [3]. In the period 1993-97, PCBs were found to be
widespread in air, soil, sediments, indoor dust, fish in
creeks and in a reservoir downstream, and in human tissues [2 - 4]. Earlier data had shown extremely high residues in domestic animals. Rates of discharge were poorly
documented, but apparently were greatest prior to 1969
and were progressively reduced during the 1970s and
1980s following improvements in plant housekeeping,
effluent treatment, and cessation of manufacture in 1972.
PCB concentrations in fish in Choccolocco Creek (downstream) were in the range of tens to hundreds (max 1,200)
of mg kg-1 during the 1970s, declining to 1-38 mg kg-1 in
the 1990s [2, 3]. The potential for human exposure declined further during the 1990s following disclosure of
the extent of contamination, fishing advisories, remediation of “hot spots” and relocation of many residents.
Exposure routes

Residents reported a number of activities that would
have brought them into contact with contaminated media,
including eating fish from contaminated streams, eating
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meat of locally-raised livestock (hogs, chickens, and cattle), eating vegetables or fruit from home gardens, eating
wild foods, contact with soil while gardening, swimming
in ponds and creeks, breathing contaminated air and airborne dust. Geophagia (baking and eating clay) was prevalent in the community, primarily among children and
pregnant women. Children would have been exposed via
several other routes, including mother-infant transmission
in utero, drinking breast milk, ingestion of soil and house
dust, and playing in soil, ponds, and creeks. Anecdotal
information indicated that exposure via many of these
routes would have been greatest in the 1970s or earlier
(for example, hogs ranged freely in the community, including the PCB-contaminated landfill, until the early
1970s, were penned later in the 1970s, and were not
raised after an unspecified date in the 1980s) and most
residents discontinued risky activities or moved away
after about 1995. However, there was no quantifiable
information on exposure of any person other than that
provided by PCB residues in blood or fat.

with lower exposure. The information in these sources
was insufficient for detailed analysis, but suggested a
new approach to exposure characterization.
Outline of this study

In this study, we report congener-specific analyses of
PCB residues in the blood of 12 Anniston residents. We
use the results to draw inferences about the levels and
time-course of their exposure to PCBs in the past. These
inferences incorporate information about the comparative
pharmacokinetics of PCB congeners in humans [10]. We
identified sets of “persistent” and “transient” congeners
with long and short half-lives, whose levels reflect cumulative and recent exposure, respectively. We related these
findings to information about the age, sex, and activity of
the individuals sampled. Our data set includes three
mother-child pairs, allowing inferences about the importance of mother-infant transmission in determining
residue concentrations at later ages.
MATERIALS AND METHODS

Early blood surveys

In one survey, blood was collected from 2,970 residents (mostly in 1996). Serum samples were analyzed
at a contract laboratory (LabCorp) and results were
judged to be reliable by the reviewing agency [5]. Among
these 2,970 samples, 1,400 were above the detection limits of 3 or 5 µg L-1 (parts per billion, ppb) and 1,570 were
below one or other of these limits. The mean concentration of PCBs in blood serum was 14.2 ppb; the 75th percentile was 14.8 ppb, the 95th percentile was 49.6 ppb,
1.4 percent (41 persons) were above 100 ppb, and the
highest concentration was 2,115 ppb. Most of the highest
PCB levels were found in persons over 50 yr old at the
time of sampling, but high levels (>10 ppb) were also
found in young adults and even in children under 6 yr old.
In an earlier survey, in November 1995, blood was
collected from 103 residents and serum samples were
analyzed for total PCBs [6]. Total PCBs were estimated
by matching to Aroclors 1254 and 1260 as per the
Webb and McCall method [7]. Estimates of total PCB
concentrations ranged from <3 ppb (limit of detection)
to 303 ppb; 47 persons had concentrations in the range
3-20 ppb; 28 had >20 ppb, and 5 had >100 ppb. Congener-specific analyses were reported for 24 persons [6].
These showed exceptionally high proportions of octa-,
nona- and decachlorobiphenyls (means about 8%, 11%
and 4%, respectively). These proportions are in strong
contrast to those observed in typical samples from the
general population, in which the proportions of octa-,
nona- and decachlorobiphenyls were in the ranges 2.75.1%, 0.1-0.4%, and 0.1-0.3%, respectively [8, 9]. This
enhancement of the highly chlorinated congeners is
consistent with evidence cited earlier, that most exposure of Anniston residents had occurred in the 1970s or
earlier, so that the less-chlorinated congeners would
have been differentially eliminated over several decades

Study group

We studied 12 residents of the PCB-contaminated area who were plaintiffs in civil litigation [11]. The subjects
were selected by the parties under court supervision from
among a larger group to represent different sub-groups
classified by age and exposure. Table 1 lists the criteria
used for selecting the subjects and the levels of total
PCBs reported in their blood at a prior sampling (199598, in most cases late 1995 or early 1996). Except for
three of four individuals selected to represent subgroups
with lower exposure, all subjects had total PCB concentrations in blood serum considerably higher than those
reported in the 1990s in groups from the U.S. population
without high exposure from sports fish consumption or
other documented sources [12].
Analytical Methods

Blood was drawn from all subjects in September,
2000 into chemically cleaned containers, and serum was
transported to the laboratory on ice. PCB and organochlorine pesticide analyses were conducted at the University at Albany’s School of Public Health (SPH) Analytical Laboratory. A detailed description of the method used
for the serum PCB/pesticide analyses is provided elsewhere [13]. High-resolution, ultra-trace, congener-specific
analysis was performed by parallel dual-column (splitless
injection) gas chromatography (GC) with electron capture
detection (ECD). The GC-ECD method quantitates up to
83 individual PCB congeners and 18 congeners as pairs or
triplets (a total of 101 specific congeners), in addition to
the organochlorine pesticides p,p’-DDE, mirex, and
HCB. The PCBs include all of the major Aroclorderived congeners typically present in human samples
plus a number of sporadic or rare congeners [7, 8, 14,
15].
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TABLE 1 - Characteristics of subjects included in the study,
with total PCB levels reported in blood serum in 1995-1996.

Subject
No.
1
1a
2
3
4
5
5a
5b
6
7
8
8a

Plaintiff
Child with neurodevelopmental impairment
Mother of 1
Adult female with adverse health effects
Adult male with adverse health effects
Adult female, higher exposure
Child, higher exposure
Father of 5
Mother of 5
Adult male, lower exposure
Adult female, lower exposure
Child, lower exposure
Mother of 8

Age
(yr)
8
39
49
39
69
10
45
43
40
51
8
32

Total PCBs
(ppb)1
na
7.7
20.6
34.1
84.7
12.4
na
62.0
nd (<3)
9.0
nd (<3)
nd (<3)

Sample
{AN3}
{AN2}
{AN5}
{AN6}
{AN7}
{AN8}
{AN9}
{AN10}
{AN1}
{AN4}
{AN11}
{AN12}

1

Estimated by Webb-McCall method
na = not available, nd = not detected above stated detection limit.

RESULTS AND DISCUSSION
Briefly, serum (2-5 g) was weighed into a glass 50 mL
centrifuge tube. An equal volume of methanol was added,
along with two surrogate standards (PCBs 125 and 192).
Fifteen mL of 1:1 (vol:vol) diethylether/hexane were
added and the tube again shaken. The tubes were centrifuged for 1 min (500 x g) and the upper layer pipetted into
a 125 mL flask containing anhydrous sodium sulfate. The
extraction was repeated twice. Pooled extract was reduced
in volume on an N2 evaporator unit (RapidVap) to 1 mL. A
50 µL aliquot was removed for gravimetric determination
of hexane-extractable fat, and the remaining extract was
subjected to cleanup via adsorption onto a Florisil® column.
The column was eluted with 60 mL of hexane and the
eluate was evaporated to 0.5 mL, transferred to a hexanewashed glass GC vial, and capped following addition of
internal standard (PCB 104).
GC-ECD analysis utilized a Hewlett-Packard Ultra II
5% phenylmethyloctadecylsilyl bonded (DB-5) fused
silica (25 m, 0.33 µm film, 0.25 mm i.d.) capillary column and a fused silica Apiezon L (30 m, 0.25 µm film,
0.25 mm i.d.) column. Instrumentation consisted of two
dual column Hewlett-Packard 5890 GCs equipped with
EC detectors and autosamplers. Limits of detection for
individual congeners, based on a 5 g serum sample, were
typically 0.01 - 0.04 ppb (whole weight basis). The SPH
Analytical Laboratory is accredited by the Clinical Laboratory Evaluation Program of NYSDOH. The quality assurance/quality control program for the Laboratory was
developed in accordance with recommendations in relevant publications [16 - 18].

Forty-seven chlorobiphenyl congeners or pairs of
congeners were detected in one or more of the 12 blood
samples (Table 2). Several congeners (PCBs 44, 52, 87,
95, 101, 110 and 128) were detected fairly consistently at
trace concentrations (means 0.01-0.03 ppb) in method
and/or trip blanks. After subtracting these trace values,
congener concentrations in subject 8 were close to detection limits; consequently, this subject is not considered
further in this paper.
Total PCB concentrations: short-term changes

Table 3 compares total PCB levels measured in this
study with levels reported in earlier samples from the
same individuals 2-5 years earlier. The earlier study used
different methods of analysis and quantitation, so the
values are not necessarily precisely comparable. Nevertheless, the data suggest a variety of changes which are
consistent with changes in the subjects’ physiology and
reported activities. For two of the older females who
remained in the contaminated area but discontinued gardening and other potential exposures (nos. 2 and 4), estimated levels declined by 15-16%, consistent with the
expected slow elimination of highly chlorinated congeners [10, 19]. For two other females who remained in the
area, and gave birth during this interval (nos. 1a and 5b),
estimated levels declined by 30-42%, consistent with
previous reports of the effects of childbirth and lactation
in enhancing elimination of persistent congeners [9]. For
another adult who remained in the area but reported
weight loss during the interval (no.3), the estimated level
increased by 30% during the interval, consistent with
reports of mobilization of PCBs from fat into blood during weight loss [20].
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TABLE 2 - Concentrations (ppb) of PCB congeners in blood serum of the 12 selected residents of Anniston.
1

1a

2

3

4

5

5a

5b

6

7

8

8a

0.02

0.07

0.05

0.08

0.11

0.07

0.00

0.04

0.00

0.00

0.00

0.00

0.00

25/25

0.02

0.03

0.04

0.08

0.04

0.05

0.00

0.00

0.00

0.00

0.13

0.00

0.00

23/25

0.02

0.00

0.02

0.03

0.00

0.00

0.00

0.02

0.00

0.00

0.00

0.02

0.00

74

245/4

0.02

0.00

0.07

0.29

0.17

0.56

0.02

0.14

0.12

0.02

0.07

0.02

0.03

66

24/34

0.02

0.02

0.00

0.06

0.00

0.09

0.00

0.02

0.00

0.00

0.04

0.00

0.00

95

236/25

0.02

0.02

0.00

0.06

0.00

0.02

0.00

0.02

0.00

0.00

0.04

0.00

0.00

92

235/25

0.02

0.00

0.00

0.00

0.00

0.02

0.00

0.09

0.00

0.00

0.00

0.00

0.00

Congener

Chlorine

MDL

IUPAC No.

Substitutions

(ppb)

28

24/4

52
44

84

236/23

0.02

0.02

0.00

0.02

0.00

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

90+101

235/24+245/25

0.02

0.04

0.03

0.23

0.02

0.07

0.02

0.11

0.05

0.02

0.10

0.00

0.02

99

245/24

0.02

0.05

0.21

0.99

0.46

1.43

0.10

0.53

0.90

0.05

0.17

0.04

0.05

87

234/25

0.02

0.04

0.03

0.07

0.04

0.09

0.02

0.03

0.05

0.02

0.20

0.00

0.00

110

236/34

0.02

0.05

0.03

0.13

0.03

0.05

0.04

0.05

0.00

0.04

0.16

0.00

0.00

147+109

2356/24+235/34

0.03

0.00

0.00

0.10

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

118

245/34

0.02

0.04

0.45

1.79

0.17

1.74

0.10

0.79

0.14

0.04

0.26

0.00

0.05

114

2345/4

0.02

0.00

0.03

0.09

0.18

0.19

0.00

0.12

0.15

0.00

0.00

0.00

0.00

105

234/34

0.02

0.00

0.08

0.38

0.10

0.46

0.00

0.11

0.02

0.00

0.00

0.00

0.00

123+149

345/24+236/245

0.02

0.02

0.02

0.11

0.02

0.00

0.00

0.04

0.02

0.02

0.00

0.00

0.00

136

236/236

0.03

0.00

0.00

0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

151

2356/25

0.02

0.00

0.02

0.12

0.02

0.04

0.00

0.06

0.00

0.00

0.00

0.00

0.00

146

235/245

0.02

0.02

0.15

0.55

0.56

0.74

0.09

0.51

0.95

0.08

0.20

0.00

0.04

153

245/245

0.02

0.13

1.00

3.03

4.88

7.47

0.58

2.92

6.49

0.65

1.71

0.00

0.19

141

2345/25

0.02

0.00

0.00

0.03

0.00

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

137

2345/24

0.02

0.00

0.03

0.11

0.20

0.31

0.02

0.10

0.41

0.00

0.06

0.00

0.00

130

234/235

0.01

0.00

0.03

0.12

0.37

0.43

0.02

0.10

0.21

0.02

0.08

0.00

0.00

164+163+138

236/345+234/245+2356/34

0.02

0.11

0.73

2.51

3.59

5.75

0.46

1.94

5.95

0.33

1.38

0.03

0.15

158

2346/34

0.01

0.00

0.01

0.09

0.03

0.12

0.00

0.03

0.01

0.00

0.00

0.00

0.00

128

234/234

0.02

0.09

0.03

0.12

0.06

0.09

0.05

0.04

0.22

0.21

0.14

0.00

0.04

179

2356/236

0.01

0.00

0.00

0.04

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.00

176

2346/236

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.00

187

2356/245

0.02

0.03

0.27

1.03

3.72

4.32

0.18

0.97

2.61

0.28

0.52

0.02

0.07

183

2346/245

0.01

0.00

0.05

0.20

0.46

0.68

0.02

0.14

0.33

0.03

0.07

0.00

0.01

174

2345/236

0.01

0.00

0.00

0.06

0.01

0.05

0.00

0.03

0.02

0.00

0.00

0.00

0.00

177

2356/234

0.01

0.00

0.05

0.24

0.53

0.67

0.03

0.17

0.50

0.03

0.10

0.00

0.01

171

2346/234

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

156

2345/34

0.02

0.00

0.12

0.35

1.08

1.32

0.11

0.39

1.70

0.10

0.35

0.00

0.03

172

2345/235

0.02

0.00

0.03

0.11

0.29

0.44

0.02

0.14

0.48

0.03

0.07

0.00

0.00

180

2345/245

0.02

0.06

0.46

1.57

8.82

11.60

0.38

1.59

6.63

0.78

2.16

0.00

0.11

170

2345/234

0.02

0.00

0.13

0.48

1.75

1.68

0.12

0.45

2.26

0.18

0.69

0.00

0.04

190

23456/34

0.02

0.00

0.02

0.12

0.42

0.37

0.02

0.10

0.35

0.03

0.00

0.00

0.00

201

2346/2356

0.02

0.00

0.05

0.17

0.44

0.69

0.04

0.16

0.78

0.03

0.12

0.00

0.00
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1

1a

2

3

4

5

5a

5b

6

7

8

8a

Congener

Chlorine

MDL

IUPAC No.

Substitutions

(ppb)

200

23456/236

0.02

0.00

0.00

0.06

0.02

0.28

0.00

0.04

0.20

0.00

0.00

0.00

0.00

199

2345/2356

0.01

0.00

0.11

0.53

5.09

7.22

0.14

0.44

3.99

0.32

0.76

0.01

0.04

203

23456/245

0.02

0.00

0.07

0.31

3.48

4.54

0.05

0.29

1.61

0.23

0.28

0.00

0.03

196

2345/2346

0.01

0.00

0.02

0.17

1.16

1.72

0.02

0.10

0.44

0.04

0.11

0.00

0.00

195

23456/234

0.02

0.00

0.02

0.12

0.53

0.60

0.02

0.10

0.35

0.00

0.00

0.00

0.00

194

2345/2345

0.02

0.00

0.08

0.35

4.75

6.53

0.06

0.37

2.20

0.23

0.54

0.00

0.03

206

23456/2345

0.02

0.00

0.06

0.45

4.20

9.19

0.06

0.22

3.27

0.16

0.90

0.00

0.03

0.84

4.62

17.58 47.80 71.73

2.80

13.60

43.42

3.97 11.39

0.14

0.97

Total PCBs

Another adult (no. 7) whose residues increased 25% in
the interval, reported not having lost weight during the
interval (Deposition not cited to retain confidentiality). In
addition, she had changed cooking and eating habits to
reduce fat intake and participated in walking for exercise
due to hypertension. The high proportion of episodic [14]
congeners (Table 2) indicated recent exposure and the
deposition confirmed visiting the contaminated churches on
a fairly regular basis. The episodic congeners are higher in
the vapor phase near the churches and highest in July
through September [21]; since the blood sample was withdrawn in September, this may represent a seasonal residue
spike. Nevertheless, inhalation (even accelerated breathing
during walking and church activities) alone could not ac-

count for the increase in serum episodic congeners. Other
routes of exposure to airborne PCBs are probable (e.g., skin
and clothing contact from PCBs deposited on surfaces).
For one other adult (no. 6), estimated concentrations
apparently increased during the interval. He had been
resident outside the contaminated area for several years,
apparently decreasing his body burden. He returned in
1993 (shortly before the 1995 serum sampling) and frequently visited relatives remaining in the contaminated
area. The modest increase in serum residues could be
accounted for by this exposure from 1995-2000, since the
exposure from 1993-1995 had not yet increased his serum
level above the 3 ppb detection limit (Table 3).

TABLE 3 - Changes in total PCB levels in blood serum between 1995-96 and 2000.

Subject
No.
1

Total PCBs
1995-961
20002
na
0.68

Percent
change
---

Sex

Age (yr)

Probable explanation

M

8

1a

F

39

7.7

4.48

-42

Moved away; childbirth

2

F

49

20.6

17.41

-15

Expected depletion3

3

M

39

34.1

47.68

+30

Remained in area; weight loss

4

F

69

84.7

71.55

-16

Expected depletion3

5

M

10

12.4

2.7

-78

Dilution by growth

Dilution by growth expected

5a

M

45

na

13.38

---

Resident only last 12 years

5b

F

43

62.0

43.33

-30

Expected depletion3, childbirth

6

M

40

nd (<3)

3.88

+?

7

F

51

9.0

11.25

+25

8

F

8

nd (<3)

trace

---

Returned 1993; visits area Recent
exposure
Remained in area
Recent exposure
Dilution by growth expected

1 Estimated by Webb-McCall method [7]
2 Sum of 47 congeners, less mean value in blanks (this study).
3 Expected elimination of persistent congeners during 4-5 years following reduction in exposures.
na = not available, nd = not detected above stated detection limit.
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For one of the children (no. 5), estimated residues declined by 78%, consistent with the expected dilution of
tissue concentrations by growth [8, 12, 22], in the absence
of continued high exposure after weaning. For the remaining four subjects, PCB concentrations had not been quantified in 1995-96. Overall, although precise comparisons
of changes in congener concentrations are not possible,
the available data on total PCBs are consistent with previous information on the effects of life-style changes on
serum concentrations.

contaminated Anniston residents [6]. Both are consistent
with and confirm the evidence provided by the history of
contamination and exposures, which suggested that exposures had been much higher in the past, especially prior to
the 1980s [1 - 4]. Also consistent with this evidence, the
proportions of hepta-, octa-, and nonachlorobiphenyls
increased with age (e.g., the Spearman rank correlation
coefficient between percent nonachlorobiphenyls and age
was + 0.78, P < 0.01). The same patterns are manifested
for each of the octa- and nonachlorobiphenyl congeners
listed in Table 2.

Congener profiles: prevalence of highly chlorinated congeners

Table 4 summarizes the proportions of PCB homologs
(congeners grouped by chlorine number) in the 11 blood
samples. Profiles are compared with two reference groups
in which more than 30 congeners were quantitated in
serum. Those from New Bedford, Massachusetts, were
the highest serum residues selected from a highly-exposed
1984 reference group of high fish consumers [23]. A
second more recently sampled (1994) fish-consuming
reference group was composed of Wisconsin Native
Americans consuming Great Lakes fish [24]. These
groups probably represent extremes for serum from highly exposed and moderately exposed groups.
Except for subject no. 1 (a child with low exposure
and his mother, 1a), all Anniston samples had higher
proportions of octa- and nonachlorobiphenyls and (to a
lesser extent) heptachlorobiphenyls than the two reference
groups. Some had exceptionally high proportions of these
homologs (exceeding 40% of the total residue). This conforms to the findings in the earlier samples of 24 highly

Another manifestation of the enhancement of the
proportions of octa- and nonachlorobiphenyls in the Anniston residents is shown in Table 5. In Europe, seven
PCB congeners are commonly used as indicators for estimation of total PCB (IUPAC nos. 28, 52, 101, 118, 138,
153 and 180) [7, 25]. A subset of the four congeners that
usually predominate in human blood or other tissues (IUPAC nos. 118, 138, 153 and 180) have been used in some
cases [26]. These congeners comprised only 37-62% or
36-59%, respectively, of the total PCBs in the blood of
the adults at Anniston (Table 2). Thus, if the European
procedures had been used to quantify total PCBs in the
Anniston residents, these would have been underestimated
by about 50%. Because one of the earlier surveys [5] used
the Webb-McCall method to match PCB residues in the
Anniston residents to Aroclors 1254 and 1260 (which
include only small proportions of octa- and nonachlorobiphenyls) [8], it is likely that this survey underestimated
total PCB concentrations in the adults by at least 30%.

TABLE 4
Percentages of PCB homologs in blood of 11 Anniston residents, compared with those of two reference groups.

1
2

Subject
By Age

1

5

8a

1a

3

6

5b

5a

2

7

4

Sex

M

M

F

F

M

M

F

M

F

F

Age

8

10

32

39

39

40

43

45

49

Total PCB

0.8

2.8

1.0

4.6

47.8

4.0

43.4

13.6

% 3Cl

8.5

0.0

0.0

1.1

0.2

0.0

0.0

% 4Cl

3.7

0.8

3.0

2.9

0.5

0.5

% 5Cl

31.7

10.4

13.0

19.2

8.1

% 6Cl

45.1

45.5

45.0

45.1

% 7Cl

11.0

28.7

26.0

% 8Cl

0.0

12.3

% 9Cl

0.0

2.3

Fish consumers
n = 211

n= 612

F

15M
6F

24M
37F

51

69

52 ±

38 ±

17.6

11.4

71.7

98.9

3.2

0.3

0.5

0.0

0.1

11.1

3.7

0.3

1.2

2.3

0.2

0.9

12.0

7.6

4.4

3.1

14.4

22.4

8.4

5.8

12.5

14.0

20.8

33.9

34.2

43.6

39.9

32.3

21.3

46.3

32.8

22.5

34.2

35.1

31.4

27.4

22.3

32.9

28.2

13.9

21.7

11.0

7.8

33.1

22.0

22.9

11.4

9.9

16.4

30.7

2.7

8.9

3.0

1.3

9.0

4.1

7.8

1.7

2.6

8.2

13.1

0.3

2.1

Highest serum from 1984 New Bedford, MA [23]
Native Americans from Red Cliff, WI , 1994 [24]
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TABLE 5 - Percentages of PCB congeners commonly used to characterize
human exposure among total PCBs in the blood of 11 Anniston residents.

Subject
No.

Sex

Age
(yr)

Total PCBs
(ppb)

1

M

8

0.68

50

71

1a

F

39

4.48

59

62

2

F

49

17.41

51

53

3

M

39

47.68

37

37

4

F

69

71.55

37

37

5

M

10

2.7

56

57

Percent of Total PCBs in Congener Groups
Dutch 41
European 72

5a

M

45

13.38

54

55

5b

F

43

43.33

44

44

6

M

40

3.88

46

47

7

F

51

11.25

49

51

8a

F

32

0.91

55

57

1

IUPAC Nos: 118, 138, 153 and 180 [see ref. 26].
2
IUPAC Nos: 28, 52, 101, 118, 138, 153 and 180 [see ref. 7, 25].

Congener profiles: presence of “transient” congeners

Table 6 shows the proportions of 11 “transient” or “episodic” PCB congeners among total PCBs in the blood of
ten of the Anniston residents. These congeners are in high
proportions in fish, air and plants [8, 14, 21, 27], but have
retention times of only days to weeks in the human body
[10, 19, 28] and thus provide indices of recent exposure.
The proportions of these congeners ranged from 0.2% to
4.9% with considerable variation in the individual Anniston residents. In the older New Bedford reference

group with very high residues, only 3 episodic congeners
were reported and they accounted for 0.4% of the total PCB
residue. In general, the congener profile in the New Bedford area has been shown to be unique [29, 30]. In the
younger Native American fish-consumers, 91 congeners or
congener pairs were quantitated and 34 of these were transient. Episodic congeners constituted 9.6% of the serum
PCB residue in these currently exposed fish-consumers,
4.6%, if only the 11 Anniston congeners are used.

TABLE 6 - Percentages of “transient” PCB congeners (those with
short body retention times) in the blood of 11 Anniston residents.

Subject No.

Sex

Age
(yr)

Total PCBs1
(ppb)

Percent of Transient congeners2
(# congeners)

1

M

8

0.68

Too low to quantify

1a

F

39

4.48

3.5 (4)

2

F

49

17.41

4.9 (10)

3

M

39

47.68

0.3 (4)

4

F

69

71.55

0.4 (7)

5

M

10

2.7

2.1 (1)

5a

M

45

13.38

2.9 (7)

5b

F

43

43.33

0.2 (3)

6

M

40

3.88

2.0 (2)

7

F

51

11.25

3.8 (5)

8a

F

32

0.91

2.1 (1)

New Bedford, MA

52 ±

98.89

0.4 (3/37)

Red Cliff, WI

38 ±

3.18

9.6 (34/91)

1

Sum of 47 congeners, less mean value in blanks (see text).
2
IUPAC Nos: 52, 95, 101, 110, 149/123, plus 44, 84, 92, 136, 141 and 151 when above quantitation limits
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The aged residues of Anniston subjects 3, 4 and 5b,
which had the greatest proportion of heavily chlorinated
PCBs, contained 0.4% or less episodic congeners, further
confirming that the increased residue of subject 3 was due
to weight loss and not recent exposure. Subjects 1a, 2, 5a
and 7 had greater than 2.5% episodic congeners. Subject 7
had an increased serum PCB residue and was suspected of
recent exposure to vapor phase PCBs (see previous discussion). Subjects 2 and 5a also spent time in the contaminated area, with subject 5a building on a lower residue to
begin with. This indicates that some of the Anniston residents had been significantly exposed to transient congeners in the weeks prior to sampling in September 2000.
This conforms to the fact that most of these congeners
(mostly tri-, tetra- and ortho-rich pentachlorobiphenyls)
had been detected in air samples collected in the area in
the period 1997-1998 [21], and suggests that exposure via
inhalation was a significant route of exposure, both in
2000 and (by extension) earlier.
Mother-child pairs

The three mother-child pairs (subjects nos. 5b/5, 1a/1,
and 8a/8) show striking similarities in two respects where
quantitative comparisons are possible. First, the rank
orders of total PCBs in the serum of the children were the
same as those in their mothers (5>1>8 and 5b>1a>8a;
Table 3). Second, the concentrations of the persistent
congeners and most-chlorinated homologs were high only
in the child for which these concentrations were highest in
the mother (5 and 5b); they were not detectable in the two
children (1 and 8) for which these concentrations were
very low in the mothers (1a and 8a; Table 4). In contrast,
there was no clear relationship between concentrations of
the transient congeners in children and mothers (5>1 and
5>8, versus 8a>1a>5b, respectively; Table 6). This suggests that the body burden of the persistent congeners in
the most exposed child (no. 5) had been derived primarily
from his mother and had remained high until age 10,
despite growth dilution, whereas the transient congeners
detected in the blood of children nos. 1 and 5 had been
derived from recent exposures that were independent of
those of their mothers.
Estimates of exposure levels and
blood concentrations in the past

As discussed earlier, residues of octa- and nonachlorobiphenyls in adult residents of Anniston indicate
that their exposure had been much higher prior to the
1980s. These “ghosts of exposures past” can be used to
reconstruct information about the levels of exposure at
that period, because nonachlorobiphenyls have half-lives
on the order of decades [10, 19]. In the late 1970s and
early 1980s, typical average levels of total PCBs in the
blood of groups sampled in the U.S.A. without known
high exposure to contaminated fish or other sources of
elevated exposure were in the range 3-7 ppb [12]. None of
these samples was population-based in a statistical sense,
but this range is consistent with the mean level of about

1,200 ppb in the population-based National Human Adipose Tissue Survey at that time [31, 32], combined with
an adipose/tissue partitioning factor of 200 [33, 34]. Aged
blood serum residues may be as high as 0.3% nonachlorobiphenyls when a comparable number of congeners are
measured (Table 4). At the same period, the proportion of
nonachlorobiphenyls among PCBs in samples of breast
milk from the U.S.A. and other countries was around 0.2%
[8], so that the typical mean concentration of nonachlorobiphenyls would have been about 0.01 ppb. In contrast, concentrations of nonachlorobiphenyls in the blood of adults
from Anniston (excluding those selected because of low
exposure) were in the range 0.06-9.19 ppb (Table 2) – 6900 times those typical of samples from the U.S. population. Based on information about the product mix manufactured at Anniston (see Introduction), there is no reason
to believe that Anniston residents would have been differentially more exposed to nonachlorobiphenyls, relative to
the exposure of the general population. Hence, it is likely
that the concentrations of total PCBs in the blood of the
Anniston residents in the 1970s and early 1980s would
have been roughly 6-900 times those in the general population – i.e., in the hundreds or low thousands of ppb.
Such calculations are likely to be reliable only to order of
magnitude, but the data are sufficient to show that the
exposure of these individuals was extremely high in the
past – similar to or greater than that of any occupational
group studied at the time. Based on knowledge of pharmacokinetic parameters of PCB congeners [8, 10, 12, 19],
it is likely that the bulk of their exposure and tissue residues would have been tetra- through hexachlorobiphenyls, and that the greater part of these components would
have been eliminated during the 20-30 years prior to sampling, after exposures were reduced. Thus, estimates of
“total PCBs” in their blood in the period 1995-2000
would not have been an appropriate measure of their
exposure: these estimates would have overestimated current exposures and grossly underestimated past exposures.
Any assessments of likely health effects of their exposures should take into account the inferred history of
exposure of these individuals – extremely high external
exposure to tetra- through heptachlorobiphenyls in the
1970s or earlier, followed by long-lasting internal exposure to residual hexa- through nonachlorobiphenyls in the
1980s and 1990s, with some continuing external exposure
to tri- through pentachlorobiphenyls, primarily through
inhalation.
An example of the importance to health assessments
could be derived from comparison of similar results from
prospective vs retrospective associations of a particular
disease with PCBs. Hardell [35] found strong associations
with higher chlorinated PCB congeners in serum and nonHodgkins lymphoma at the time the disease was diagnosed. Rothman [36] had prospective serum specific
congener analyses and found a similar association, but
with total PCB. It should be obvious that the Hardell
profile would have changed and the correlations could
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well be identical, since the assay of PCBs at the time of
diagnosis could not account for previous exposure to
readily eliminated congeners.

CONCLUSIONS
The data in this paper illustrate the importance of
conducting congener-specific analyses of residues in the
blood or other tissues of persons exposed to PCBs in the
environment. Identification and measurement of levels of
“transient” congeners provides evidence about the magnitude of recent exposures (with time-scales of days or
weeks), whereas identification and measurement of levels
of “persistent” congeners provides evidence about the
magnitude of cumulative exposures in the past (with timescales of years to decades). Assignment of causation for
past or present health effects, and estimation of risk for
future health effects, requires knowledge of both. As
demonstrated in this paper, estimation of concentrations
of “total PCBs” in the blood or other tissues may provide
extremely misleading information about both past and
present exposure and risks. As time elapses since releases
of PCBs into the environment were reduced, these issues
become increasingly important. Differential retention of
the more persistent PCB congeners in the environment
and in human tissues will continue to change PCB congener profiles in all media. Congener-specific PCB analysis
of residues in blood and other tissues is already essential
to interpret human exposures, and will become even more
important in the future.
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SUMMARY
Residents living near the Monsanto plant in Anniston,
Alabama have extraordinarily high levels of serum polychlorinated biphenyls (PCBs). About 35% of persons
surveyed had levels greater than 10 ppb, while 17% had
levels greater than 20 ppb. The route of exposure is unclear, since serum PCB level does not correlate with reports of employment at the plant, consumption of local
fish, chickens or pigs, nor with eating clay, which is a
common practice in this community. These observations
suggest the possibility that inhalation or ingestion of dust
from the site may be primary routes of exposure. Previously, there has not been a systematic health survey in
this population, although the diseases of concern include
cancer, increased infectious diseases secondary to immunosuppression, disruption of thyroid and sex steroid endocrine systems, neurobehavioral abnormalities, cardiovascular disease and diabetes. The University of Texas
has done a survey of symptoms reported by this community as compared to reference communities. We found
significantly elevated reports of diseases of the ear, nose
and throat, central nervous system, cardiovascular system,
muscle and bone, skin, immune system and teeth and
gums. In addition, we found elevated adverse pregnancy
outcomes (low birth weight, premature birth) to be more
common in Anniston than in the control community.
These observations suggest that the health of the people
of Anniston has been adversely affected by migration of
PCBs off the site of the Monsanto plant.

KEYWORDS:
Monsanto, inhalation, PCBs, health effects.

of Snow Creek, and hazardous wastes with large quantities of PCBs were disposed in two unlined landfills. They
leached into local drainage ditches and onto private residences. People who lived nearby in the relatively poor,
working class neighbourhood were only rarely employed
in the plant, but they lived in their homes, went to their
nearby churches and schools, and planted and ate from
their gardens. Catching and eating fish from local streams,
including Snow Creek, was a common recreation and an
important source of food. As was common in these neighbourhoods many people had chickens or pigs, raised for
food, and often these animals were not totally contained.
They would get food wherever they could, often from the
Monsanto land. Furthermore, it is common in the rural
South for people to eat a special clay. This was especially
popular with teenagers and pregnant women.
In spite of knowledge of the contamination in Anniston by state and federal government officials for many
years, there has been no significant clean-up nor study of
the health of this population. Attention on this population
began only when legal actions against Monsanto began
about six years ago. In 1995 the Agency for Toxic Substances and Disease Registry and the Alabama Department of Public Health finally began an exposure investigation, which has just been published [1]. There are at
least three major lawsuits either ended or ongoing, and it
has been these legal actions which have generated information about the magnitude of exposure of the residents
of Anniston. But even today there has been no totally
comprehensive health investigation. This report will review the levels of PCBs in Anniston residents, attempt to
determine route of exposure and discuss what little information on health status there is that is available.

INTRODUCTION

MATERIALS AND METHODS

For more than 60 years the Monsanto/Solutia chemical plants in Anniston manufactured PCBs and a variety
of other chemicals. The plant is located near to the mouth

Serum PCB levels determined by LabCore of Burlington, North Carolina. The results and street address of the
patient were provided by the law firm of Donald W. Stew-
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art. In addition over 30 blood samples of individuals from
Anniston were analyzed by congener-specific methods in
the Albany laboratory.
For a subset of 93 persons medical records were reviewed in relation to their serum PCB levels. These 93
persons were invited to respond to a brief questionnaire
requesting information about employment and food consumption. Eighty of these 93 persons responded.
Additional information on the distribution of PCB
levels was obtained from an ATSDR Health Consultation,
prepared by the Exposure Investigation and Consultation
Branch, Division of Health Assessment and Consultation
[2]. The number of medical records available do not allow
for any conclusions. Essentially the only information
available on health effects is a symptom survey done in
the Anniston community by Legator and Morris [3].
RESULTS
Table 1 shows the distribution of serum PCB levels in
Anniston residents. The table presents the results obtained
by review of the laboratory reports to those reported by
ATSDR [2].
TABLE 1
Number of Persons from Anniston with Elevated PCB levels.

Total
Above 10 µg/L
Above 20 µg/L
Above 50 µg/L
Above 100 µg/L
Above 300 µg/L

Carpenter
2,705
966 (35.7%)
467 (17.3%)
106 (3.5%)
27 (1.0%)
2 (0.01%)

ATSDR
2,966
1,037 (34.9%)
521 (17.5%)
-41 (1.4%)
--

Table 2 presents the results of the brief questionnaire
related to exposure assessment. The table shows the numbers of responding individuals grouped on the basis of
serum PCB levels, and provides the number of persons in
each category that were employed at the Monsanto plant,

who report eating locally-caught fish, locally raised
chickens or pigs and who report eating clay. It is apparent
that positive reports on any of these possible sources of
exposure are more-or-less equally distributed among the
various ranges of serum PCB levels. Thus, it is unlikely
that the very high serum levels of PCBs in this population
are primarily due to employment at Monsanto or to consumption of any of these locally caught fish or locally
raised meats. While eating contaminated clay is an obvious possible source of high exposure, the practice of eating clay is distributed among the various exposure categories, including those without detectable levels of serum
PCBs. Therefore this also does not appear to be a major
source of exposure to PCBs.
Figure 1 shows the profile of individual congeners in
the bloods of two Anniston residents, one with elevated
levels (71.73 ppb) and the other with much lower levels
(3.97 ppb). The plot shows the individual congeners as
percentage of total PCBs. It is apparent that when expressed in this fashion the congener profile of these individuals is quite similar. The major congeners present are
those that are highly chlorinated, and present in Aroclor
1260. However, this does not mean that these individuals
were not exposed to significant levels of lower chlorinated congeners, since lower chlorinated congeners are not
as persistent. The presence of highly chlorinated congeners is consistent with the major period of exposure being
sometime in the past.
Figure 2 shows the results obtained from the symptom survey done by the University of Texas Medical
Branch at Galveston. This survey consisted of a questionnaire answered by 98 Anniston residents and by 170 residents of reference communities that did not have known
PCB contamination. Anniston residents report a significantly elevated incidence of most of the symptoms that
were included in the survey. These include symptoms of
ear, nose and throat, respiratory, skin, endocrine, nervous,
immune, cardiovascular and muscle/bones systems. Although there is a possibility of bias, every attempt was
made to limit this bias by the questions asked as well as a
consideration of the known toxicity of PCBs.

TABLE 2 - Anniston Residents: Exposure Assessment.

PCB Level (ppb)

No.

Worked at Monsanto

Ate Local Fish

Ate Chicken or Pork

Ate Clay

ND

8

0

3

6

2

0-9.9

12

0

5

6

2

10.0-19.9

23

3

14

16

8

20.0-49.5

21

1

15

16

7

50.0-99.9

12

2

8

6

3

100+

4

0

3

4

1

TOTALS

80

6

48

54

23
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AN-1; 3.97 ppb
AN-7; 71.73 ppb

15.00
10.00
5.00

28
52
74
66
95
90+101
99
87
110
151
118
114
146
153
105
141
137
130
164+163+138
158
187
183
128
174
177
156
201
172
180
200
170
190
199
203
196
195
194
206

PCB IUPAC number

*Blood
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Digestive
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Urinary
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*CV
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*Respiratory

FIGURE 1

*ENT

% of total PCB

20.00

Asterisk indicates those systems that are statistically significant @ p<0.01
Alabama n=98

Control n=170

FIGURE 2 - Percentage of Total Biological Systems Affected Alabama vs Total Control.
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DISCUSSION
The residents of Anniston, Alabama have extraordinary levels of serum PCBs, approaching those seen in
occupational cohorts from the 1960s and 70s (see Table
6-26 in [4]) and higher than most populations that consume fish from contaminated waters (Table 6-28 in [4]).
These observations raise two major questions: how did
these people get such high exposure, and what diseases do
they show as a result? Unfortunately, with present information neither of these questions can be answered with
certainty.
The results presented in Table 2 imply that the primary source of high exposure was neither employment at
Monsanto nor consumption of locally caught fish or locally raised chickens and pigs. This does not mean that these
factors are not significant sources of exposure, only that
they are not consistent sources in all of the population. It
has been well documented that one Anniston resident, a
72 year old woman with serum PCBs of 71.7 ppb, raised
pigs that ran about the community. When one pig was
found dead, Monsanto tried to buy all of her pigs because
they contained PCB levels up to 19,000 ppm [5], presumably secondary to the pigs routing in the soils and eating
from contaminated areas on the Monsanto property. Many
Anniston residents also caught and ate fish from local
contaminated streams, and kept chickens that free ranged
and thus had a significant possibility of accumulating
PCBs. Moreover, a significant number of the residents of
Anniston eat a special clay. This appears to have been
especially popular with teenagers and pregnant women,
and could be a major source of exposure. However, the
brief survey reported here indicates that these practices
are distributed almost evenly across the groups with different serum PCB levels. If this is true the major source of
exposure is yet to be determined.
If we eliminate employment and food, the obvious
possible sources of exposure include water, air and dust.
Water is unlikely as a source of exposure since most
homes are on the municipal water supply. Dust blowing
into homes from the site is a possible source of exposure,
since contaminated dust could blow into homes and be
ingested with food, and could also contribute to exposure
if inhaled [1]. The relatively large content of PCB 206,
which would not be expected to be very volatile, provides
some support for this hypothesis.
There are, however, a number of reasons to suspect
that inhalation of volatile PCBs may be the major source
of exposure, even though the conventional wisdom has
not often considered inhalation to be important. Air levels
of PCBs were significantly elevated in the studies of
Hermanson (these proceedings). Treon et al [6] first
showed that animals could exhibit toxic symptoms upon
exposure to vapors of PCBs in 1956. Casey et al [7] have
shown that rodents can efficiently absorb PCBs from the

air through respiration, and even suggest that the efficiency of absorption is greater via breathing than via ingestion. It is well known that the lower chlorinated PCB
congeners are more volatile than the higher chlorinated
congeners [8], and that indoor air contains higher levels of
PCBs than does outdoor air under most circumstances [911]. However, this is not to say that higher chlorinated
congeners aren’t volatile. Clearly they are volatile [8], and
because of their greater persistence, individuals with
exposure via inhalation can show a pattern of highly chlorinated congeners after metabolism of the lower chlorinated congeners. This would be expected particularly if the
major period of exposure was sometime in the past, as is
likely in this community. Most or perhaps all volatilization occurs with evaporation of water, rather than from
dry soils [12]. Thus, vapor phase PCBs should arise primarily from wet sediments or dusts after rainfall. On the
other hand, breathing in dust particles with bound PCBs
would lead to direct exposure to a number of the higher
chlorinated congeners.
There are a number of diseases, mostly chronic diseases, for which exposure to PCBs increases risk [2, 13].
These include cancer [14], immunosuppression leading to
infectious diseases [15, 16], skin diseases, neurobehavioral decrements [17], low birth weight [18], cardiovascular
disease [19], diabetes [20] and disruption of thyroid [21]
and sex steroid [22] hormone systems. There has been no
well-designed epidemiological study of this community to
investigate the relative incidence of these diseases as
compared to an unexposed population matched for socioeconomic status and personal habits. Such a study is urgently needed. However, the results of the symptom survey done by the investigators at the University of Texas
are consistent with the conclusion that all of these diseases are more common in the Anniston community than in
the reference communities.
The sorry story of Anniston, Alabama is a case study
of environmental injustice and corporate lack of responsibility in the face of state and federal government indifference. The people living near to the Monsanto plant are
for the most part poor and lacking in political power and
influence. Monsanto, on the other hand, has significant
political clout. Anniston should have been declared a
National Priority Site many years ago. While litigation
should not be the only way or certainly the major process
by which people are protected from industrial negligence, in this case the legal actions have generated the
information that has finally gotten the attention of the
press, and belatedly, the government. Remedial action is
required. As one of the largest and most highly exposed
populations, study of the health of the residents of Anniston has the potential to provide much important and new
information about the role of PCBs in increasing risk of a
variety of chronic diseases. Such an investigation is urgently needed.
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PCB CONGENER PROFILES IN VARIOUS MATRICES
FROM POLAND WITH STRESS ON HUMAN MILK COMPARISON TO GLOBAL TRENDS
J. Lulek, K. Szyrwińska, B. Szafran
Department of Inorganic and Analytical Chemistry, Karol Marcinkowski
University of Medical Sciences, 6 Grunwaldzka St., 60-780 Poznań, Poland

SUMMARY

PRODUCTION AND USE

This paper included some data presenting the sources
of polychlorinated biphenyls (PCBs) emission and the
total level of these xenobiotics recently determined in the
Polish environment. The profiles of certain “steady state”
(CB-28, 118, 138, 153 and 180) and “episodic” (CB- 52
and 101) PCB congeners in various environmental matrices
from Poland (soil, sediments, fish) and several classes of
Polish food are compared. The contribution of 15 PCBs
detected in Polish human milk and adipose tissue samples
are discussed and compared with the data obtained in
other regions of the world. The total PCB levels in Polish
human milk (n=27) in 2000/01 ranged between 0,011 and
0.510 µg/g fat (mean – 0.134 µg/g fat). The concentrations determined were lower or similar to those reported
from Germany in 1995-97 (0.118-1.810 µg/g fat, mean
0.55 µg/g fat), from Sweden in 1997 (mean 0.324 µg/g
fat), from USA in 1993 (0.046-0.622 µg/g fat, mean
0.271 µg/g fat) and from Japan in 1998 (0.076-0.385 µg/g
fat, mean 0.200 µg/g fat).

On a local scale, among others in Poland, the risk of
exposure to PCBs significantly depends on the amounts
and means of their distribution from local sources, often
correlating with the amount of production. There has
never been a significant amount of production and utilization of PCB formulations in Poland.
As shown in the Fig.1, the total amount PCB formulations - Chlorofen and Tarnol, produced in our country in
the sixties and seventies was estimated to be about 1.7 kT.
It was approximately 13 times lower than the amount produced in former - Czechoslovakia and 86 times lower than
the amount in Germany.

Other countr ies
Poland
Czechoslovakia
Italy
Spain

KEY WORDS:
food, human milk, adipose tissue, PCBs in Poland.

UK
France
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The worldwide use of polychlorinated biphenyls
(PCBs) and their chemical properties, such as lipophilicity
and resistance to degradation, has resulted in their becoming persistent and ubiquitously occurring environmental
contaminants. The PCB levels in environmental matrices
from different parts of the world have been extensively
studied during the last thirty years [1]. The aim of this
paper is to report some recent data on the environmental,
food and human levels of PCBs detected in Polish matrices.

FIGURE 1 - Production of PCB formulas [kT] in
different countries in 1929-1985 [Data from references: 1, 2].

It is very difficult to estimate the quantities of PCB
formulations imported to Poland before 1971 as well as
the number of capacitors and other equipment imported at
the same time from various European countries [3].
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FIGURE 2 - Contribution of specific congeners to the sum of 7 PCBs in
various environmental matrices from Poland [Data from references 8,10].

The results of detailed inventory of equipment which
may be using products containing PCBs, made in the
South-western regions of Poland between 1995 and 97,
proved, that high voltage transformers, with few exceptions are filled with Polish made oils which do not contain
PCBs [4]. Nevertheless the assessed amount of PCBs still
to be disposed of in Poland, according to various authors,
ranges between 10 to 17.5 kT [3, 4].
ENVIRONMENTAL MATRICES
Consequent to the relatively low production and utilization of PCBs in Poland in the last forty years, the level
of these xenobiotics detected in Polish environmental
matrices is generally low [3, 5]. The mean concentrations
of total PCBs determined in agriculture and forest soils,
collected between 1990 and 1994 ranged from 0 to 28 ng/g
of dry weight and are comparable to those obtained by
Covaci et al. [6]) from rural sites in Romania.
The PCB levels in soil samples collected near their
potential sources (industrial area, transformer stations,
former Soviet army bases) were one to two orders of
magnitude higher than in agricultural soils [7, 8].
As shown in Fig.2, the contribution of some “steady
state” congeners (CB 28, 138, 118, 153, and 180) and
“episodic” congeners (CB 52 and 101) to their total concentration (sum of 7 PCBs) differs across the matrix.
“Episodic” congeners are those which occur in certain
exposure sources but not persist in humans [9].
The correlation of particular congeners to the sum of
examined PCBs in recent sediments from various sites in
the southern Baltic Sea and Szczecin lagoon has been
studied by Konat and Kowalewska [10]. The correlation
was linear and high, with coefficients of regression be-

tween 0.75 and 0.97, which implies a common source for
all the examined congeners. However, the occurrence and
contribution of PCB 28 and 52 is evidently different from
that of other congeners. The most likely explanation for
this is, that their better solubility in water and/or decomposition of the higher chlorinated biphenyls, for example, by
microbiological attack, are responsible for the observed CB
28 and 52 contribution. The very low contribution of CB
28 and CB 52 to the total of the 7 PCB’s in soil collected
from former Soviet army bases [8] results probably from
the fact, that these congeners have a greater tendency for
degradation by microbes as well as volatilization from the
soil than the higher substituted congeners.
FOOD
Taking into consideration that PCBs are present in the
Polish environment and the fact that air accounts for 3.4%
and water contributes 0.04 % of the total daily intake of
the 23 PCB congeners [9], it can be supposed that the
primary pathway of human exposure to PCBs in Poland is
the food chain.
Since 1995 PCBs have been included in the list of the
food pollutants determined within the national monitoring
program undertaken to assess the quality of agricultural and
animal food products in Poland [11]. The concentration of
7 marker PCB congeners in raw and processed products of
animal and plant origin has been determined. As indicated
by the data presented in Fig. 3, the concentrations of total
PCBs in Polish pork, poultry, bovine and eggs are lower
than those detected in the same Finnish food products.
Similarly to soil and sediments, the concentrations of
seven PCBs in the raw and processed food products analyzed, Baltic fish excluded, differ across the matrix, as
shown in Fig. 4.
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clinics in Poznań. Information included in the milk collection form indicated that the age of the mothers nursing their
first child ranged between 17 and 31 years (with a median
age of 24.5 years) and these ages were approximately 20%
lower than those of Swedish mothers in 1996 and 1997 [19].
In contrast to the WHO protocol 18 mothers were primiparae and 9 mothers nursing, their second child. All mothers
(except one) performed sampling between the fourth and
seventh week after delivery.

Pork
Finland
Poland

Poultry
Cow milk
Bovine
Eggs
Game
Carp

To assure the quality of the results, the validity of all
analytical procedures for some “steady state” and “episodic” PCB congeners determined in milk was demonstrated in laboratory experiments [20]. Additionally, a
quality control study of some Polish breast milk samples
was performed in the Institute of Applied Environment
Research at Stockholm University [21].
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FIGURE 3 - PCB residues in selected Polish and Finnish
food products (1995-99) [Data from references 12,13].

The detection limit (LOD) for individual compounds,
expressed as µg per liter of milk, varies from 0.003 µg/l
milk (PCB 170) to 0.009 µg/l milk (PCB 74). The percentage of samples above the LOD for various congeners
ranged from 30 % to 100 %. Five of examined analytes
(CB: 153, 138, 180, 187 and 170) were found above the
LOD in all of the milk samples. The percentage of milk
samples with detected residues of some “episodic” congeners (CB 52, 101 and 114) differs slightly from those
reported by Kostyniak at al. [22] for lactating women
from the Lake Ontario region.
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FIGURE 4 - Profiles of specific PCB congeners in the raw and processed food products from Poland, in 2000 [Data from reference 14].

The highest concentration of congeners 28 and 52 has
been determined in rape seeds, vegetable oils and margarine as well as in the samples of meat and poultry products.
In the samples of cow milk and carp tissues, the highest
concentrations of PCB 153 and 138 have been found.
HUMAN BREAST MILK AND ADIPOSE TISSUE

In Sweden, the use of PCBs was restricted in 1970.
Since that time a consistent decline has been observed in
the total PCB level in human breast milk. As shown in
Fig. 5, in 1997 the total PCB concentration was about
30% of that determined in 1972 [19]. Similar declining
trends in the total PCB levels in human milk of mothers
living in Japan and Germany have been found [23]. The
mean total PCB levels determined in breast milk samples
from the Wielkopolska region in 2000 [17] correspond
well with the results obtained in various countries and
confirms declining trends in environmental levels of these
xenobiotics observed for the last 30 years.

Recently in Poland much attention is being drawn to
PCB analysis in human milk, because this matrix is very
useful for studies of long term exposure to PCBs [15-17].
In order to accurately determine whether the modest PCB
exposure experienced with the declining global load involves a real health risk it is necessary to examine the
exposure more accurately and in more detail.
The determination of fourteen congeners (CB: 28, 52,
74, 101, 105, 114, 118+149, 128, 138, 153, 156, 170, 180
and 187) in 27 individual breast milk samples from Poznań
and the Wielkopolska region, collected between March
2000 and May 2001, according to WHO protocol [18], has
been realized in our laboratory. Most of the women giving
birth were recruited from one of the University’s maternity
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FIGURE 5 - Trends in the total PCBs level in human breast
milk from various countries [Data from references 17, 19, 23, 24].

© by PSP Volume 12– No 2. 2003

Fresenius Environmental Bulletin

Poland(n=28, 2001)
Finland(n=10, 1992-94)
Netherlands(n=13, 1993)

Wielkopolska region presented in Fig. 6 are very similar to
those reported by other authors in the other countries of
Europe [13, 17, 19, 24]. The differences in the concentration of examined congeners are probably a consequence
of the varying times of human milk sampling. The results
of our research confirm also the finding reported by
Norén et al. [19], that PCB 153 and 138 are the most
persistent congeners in the environment.
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FIGURE 6 - Profiles of specific PCB congeners in human breast milk
from some countries in Europe (Data from references 13, 17, 19, 24).

It is known that the level of specified PCB congeners
reflects the mother’s exposure during her life time and the
general population during that time. Near perfect correlation between CB 153 and 138 was found both by using
the raw data from 498 breast milk samples from Canada
as well as our own results (Fig.7). A good correlation for
PCB 180 ( r=0,97) was also found.

In turn, the profiles of some major “steady state”
congeners and “episodic” PCBs in human milk from the

Other “steady state” congeners CB 28 (Fig. 8), 105,
170 and some “episodic” - CB 101 and 114 did not show
such a good correlation.
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FIGURE 7 - Correlation between concentration of PCB 138 and PCB 153 in breast milk samples:
a) from Poland (2000/01), b) from Canada (1992) [Data unpublished and from reference 9].
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FIGURE 8 - Correlation between concentration of PCB 28 and PCB 153 in breast milk samples:
a) from Poland (2000/01), b) from Canada (1992) [Data unpublished and from reference 9].

204

10

© by PSP Volume 12– No 2. 2003

Fresenius Environmental Bulletin

Mother 28 years old, fish -1 x week, first child
Σ 14 PCB=297,7 ng/g lipids
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Mother - 21 years old, fish <1 x week,
first child, Σ 14 PCB= 9,8 ng/g lipids
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FIGURE 9 - Contribution of specific congeners to the total PCB content in samples
of human breast milk from the Wielkopolska region (2000-01). Data unpublished.
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FIGURE 10 - Comparison of the specified “state study” and “episodic” PCB congeners in human
milk (n=27) and adipose tissue ( n=7) of the people living in Wielkopolska region. Data unpublished.

Two individual PCB profiles were selected on the basis
of the total PCB level determined in all examined milk
samples. The highest concentration of PCBs was detected
in sample No 34 and the lowest in sample No. 2. As shown
in Fig.9, the most significant differences between sample 2
and 34 were found in the contribution of PCB 52, 114.

tissues coming from Wielkopolska region ranged between
76,6 and 472 ng/g wet weight (mean – 276,07 ng/g wet
weight) and were generally lower than those determined
in Polish adipose tissues by other authors in the years between 1975 and 1990 (190 ng/g wet weight. – 1500 ng/g
wet weight) [25, 26].

The determined sum of the fourteen specified congeners (CB: 28, 52, 74, 101, 105, 114,118+149, 128, 138,
153, 156, 170, 180 and 187) in 7 samples of human adipose

Similarly to Falandysz results [25] and the results reported for Italian and Chilean adipose tissues [27], PCB153 accounted for more than 20% of the total PCBs resi-
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due in all samples examined. Our results are in good
agreement with those presented by Ludwicki and
Góralczyk, showing a good correlation between the age of
the donors and the PCB concentrations [26].
In Fig. 10 are shown our results of a comparison of
the specific congeners’ concentration in human milk to
the concentrations of these congeners detected in adipose
tissue samples from the Wielkopolska region, collected in
2000 and 2001.
Similar to the data presented by Hansen for Welsh
human milk and adipose tissues collected in 1992 [9],
our results show higher concentrations of all the “steady
state” congeners, except CB 28 in adipose tissue than in
milk. A greater contribution of „episodic congeners”
CB 52, 101 and 114 in breast milk, when compared to
adipose tissue, was also shown.
It is worth noting that these presented results from
our pilot studies involved a relatively small number of
specimen (27 human milk and 7 adipose tissue donors).

CONCLUSION
It is advisable to accurately determine whether or not
the modest PCB exposure experienced with the declining
global load involves a real health risk. The main conclusions from these recent data are that it is necessary to
examine the exposure more accurately and in more detail;
thus, it seems indispensable:
• to recognize all existing sources of PCB emissions
in Poland, and
• to extend the monitoring of specific PCB congeners in the environment.

This work was partially supported by Polish State
Committee of Scientific Research under Grant
754/PO5/99/16.
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MONITORING OF SELECTED POLYHALOGENATED HYDROCARBONS IN BREAST MILK: CZECH REPUBLIC, 1994 TO 2001
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SUMMARY
This study reports the concentration levels of indicator
congeners of PCBs (IUPAC numbers 28, 52, 101, 118, 138,
153, and 180) in breast milk of women living in four districts of the Czech Republic with different levels of industrialization. From 1994 to 2000, altogether 2595 milk samples were analyzed, each year about one hundred samples or
less per district. A questionnaire was used to obtain information regarding basic personal characteristics and life
style. PCB 138, 153 and 180 were the prevailing indicator
congeners in human milk fat. Therefore, total PCB content
was calculated by multiplying the sum of the congeners
138, 153 and 180 by factor 1.7. In the four monitored locations the median levels of PCBs were 1355 ng/g fat in 1994
and 653 ng/g fat in 2000. The results indicated a significant
decreasing trend in time. Regional differences were found
with the significantly higher PCB levels in samples from the
location Ústí n. L. (nad Labem) in comparison to other monitored locations. Besides, PCDDs, PCDFs and dioxin-like
PCBs were analyzed in pooled milk samples prepared from
individual samples collected in 1998, one pooled sample
from each of the four districts. The overall WHO-TEQ values ranged from 29.6 pg/g fat in Žďár n. S. (nad Sázavou) to
35.3 pg/g fat in Ústí n. L. The contribution of dioxin-like
non-ortho (IUPAC nos. 77, 126 and 169) and mono-ortho
(IUPAC nos. 105, 114, 118, 123, 156, 157, and 189) PCBs
to the total WHO-TEQ value was in the range of 60.1 to 68.5
% with PCB126 and 156 as the main contributors.

carcinogenic effects [1]. PCBs have had a variety of industrial uses; PCDDs and PCDFs are inadvertently released into the environment during various manufacturing
operations and during combustion processes. All of these
compounds are widespread in the environment. Because
they accumulate in lipids, adipose tissue and breast milk
have been the preferred matrices to evaluate human background contamination [2].
The Czech Republic belongs to the countries with a relatively high body burden of PCBs due to their production in
the Slovak part of former Czechoslovakia until 1984, when
the production was abolished [3]. In the mid 80’s, remarkably high levels of PCBs were established in breast milk
from Czech mothers [for review see 4]. The second round of
the WHO-coordinated Exposure Study showed also high
levels of marker PCBs in the exposed region of the Czech
Republic [5, 6]. In 1994, the System of Monitoring the
Environmental Impact on Population Health, a systematic
nation-wide study, has been established in the form of yearly surveys in the Czech Republic [7]. The monitoring of
indicator PCB congeners and selected chlorinated pesticides
was included into the spectrum of analytes followed up in
human body fluids and tissues of the Czech population. The
aim of the investigation reported here were:
(i)

to establish the current extent of PCB contamination
in the milk from mothers living in the CR;

(ii) to study long-term trends in PCBs concentrations;
(iii) to determine factors that influence the levels of contamination.

KEYWORDS:
Human milk, PCBs, dioxins, biological monitoring, Czech Republic.

In addition, the levels of PCDDs, PCDFs, and dioxinlike PCBs in the pooled milk samples collected in 1998
are presented here.

INTRODUCTION

MATERIALS AND METHODS

PCBs, PCDDs, and PCDFs are a class of structurally
related compounds with a wide variety of toxic actions
including reproductive and developmental effects, neurological and behavioral effects, adverse immune effects and

Sample collection: In the years 1994 to 2000, breast
milk samples (about one hundred per year and location)
were collected from nursing mothers living in four dis-
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tricts of the Czech Republic, two of them more industrial
(Plzeň and Ústí n. L.), the two other more rural and recreational (Benešov, Žďár n. S). The milk samples in
amounts of 30 to 50 ml were collected in acetone cleaned
glass bottles and kept frozen at –18°C until analyzed.
Additionally, an aliquot volume of breast milk from each
sample collected in 1998 was used for preparing one
pooled sample from each locality (Benešov, N = 98,
Žďár n. S., N = 99, Plzeň, N = 87, Ústí n. L., N = 101).
All samples have been collected on a voluntary basis
during the first week after delivery. Informed consent was
obtained from each subject. Short questionnaires were
completed by each mother giving information on their
age, weight, height, sequence of childbirth, duration of
residence in the locality, smoking, occupation history, and
usage of medicaments.
Laboratory procedures: The amount of indicator PCBs
(IUPAC nos. 28, 52, 101, 118, 138, 153, and 180) in
breast milk was determined after extraction in n-hexane
and clean-up with florisil column adsorption chromatography or gel permeation chromatography on Bio Beads
SX3 by HRGC on Capillary Column DB-5 and ECD. For
confirmation a mass selective spectrometric detector (Ion
trap) connected with gas chromatography according to
AOAC Official Methods of Analysis 983.21. was applied.
For analysis of PCDDs, PCDFs, and dioxin-like PCBs in

the pooled milk samples isolated milk fat was dissolved in
hexane, 13C-labelled compounds were added. Semipermeable membrane dialysis was used for removal of most of
the fat. The dialysate was concentrated to 1 ml and cleaned
up and fractionated in a three column system (multi-layer
silica gel, alumina and activated carbon columns). The
cleaned samples were analyzed by GC/MS/MS using a DB
5ms column [8]. TEQs were calculated using the TEFs
recommended by the WHO [9]. Concentrations below the
detection limit were considered to be half the detection limit
for this calculation.
Statistics: Logarithmically transformed data were statistically analyzed using ANOVA. A p-value of <0.05
was regarded as significant.

RESULTS
Basic characteristics for the donor population are
shown in Table 1. The mean age of women under study
was 25.2 years ranging from 16 to 45 years. They were
mostly full-time housewives and declared themselves to
be non-smokers. Fifty four percent of the mothers were
nursing their first infant, and most of the other mothers
were nursing their second infant.

TABLE 1 - Basic characteristics of the mothers.
Benešov
N = 746
25.4
17 - 45
16.4
1 - 37
40
5.4

Mean (y)
Ranges
Mean
Ranges
N smokers
% smokers

Age
Residence
in locality
Smoking habit

Žďár n. S.
N = 645
29.4
17 - 39
18
1 - 39
34
5.3

Plzeň
N = 475
25.4
17 - 45
11.3
1 - 33
83
17.5

Ústí n. L.
N = 729
25.2
16 - 44
19.6
1 - 39
126
17.3

Total
N = 2595
25.2
16 - 45
16.7
1 - 39
283
10.9

TABLE 2 - Basic statistical data on PCB indicator congeners IUPAC Nos. 138, 153,
and 180 (ng/g lipid basis) in breast milk in the Czech population, 1994 to 2000.
10th percentile

25th percentile

50% percentile
(median)

75% percentile

95% percentile

PCB cong. nos:

138

153

180

138

153

180

138

153

180

138

153

180

138

153

180

1994, N = 280

97

183

131

130

247

185

190

352

255

257

470

365

452

738

630

1995, N = 395

70

182

130

111

244

176

178

323

248

289

416

327

462

616

500

1996, N = 285

69

109

65

107

147

88

163

201

125

242

270

173

366

435

282

1997, N = 391

83

96

58

107

129

82

142

165

110

195

218

147

303

378

241

1998, N = 385

77

97

70

98

124

96

130

165

127

180

216

176

292

380

324

1999, N = 389

76

88

69

98

115

91

140

164

131

189

222

184

329

486

361

2000, N = 407

35

53

27

69

98

58

118

168

98

200

270

157

419

562

323
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FIGURE 1 - Levels of PCBs in human milk of the Czech
population expressed as sum of (PCB 138, 153 and 180) * 1.7.
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FIGURE 2 - Median levels of PCB 153 (ng/g fat) in
human milk from Ústí n.L. compared to other localities.

Among the analyzed indicator congeners, highly
chlorinated PCB congeners 138, 153 and 180 were the
predominant PCB contaminants in milk fat. The concentrations of PCBs 28, 52, and 101 were mostly below the
detection limit of the method used, and the levels of
PCB 118 were only in units or tens of ng/g fat in individual years with no local variations. The concentrations
of the prevailing congeners 138, 153, and 180 for individual years in the form of basal descriptive statistics are
presented in Table 2. A significant correlation was found
among PCB congeners 138, 153, and 180 (r = 0.93 to
0.95) and their levels revealed an age-related increase

(p < 0.0001). The results were not influenced by the
smoking habit and medicament use.
The total PCB content calculated by multiplying the
sum of congeners 138, 153 and 180 by 1.7 [10] found in
the breast milk samples from 1994 to 2000 are shown in
Fig. 1. The median PCB level has decreased significantly
from a high of 1355 ng/g fat in 1994 to 653 ng/g fat in
2000. However, significantly increased levels of PCB
138, 153 and 180 and no time-related trend were found in
breast milk samples from Ústí n. L. compared to the other
three monitored localities (Fig. 2).
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TABLE 3 - WHO-TEQ values (pg/g fat) of PCDDs, PCDFs, and dioxin-like
PCBs in four pooled samples of human milk from the Czech Republic.

PCDDs
PCDFs
Non-ortho PCBs
Monoortho PCBs
WHO- TEQ total

Benešov
3.67
6.25
10.3
11.3
31.4

Žďár n. S.
3.92
7.88
7.5
10.2
29.6

Table 3 shows the results summarized as WHO-TEQ
values of PCDDs, PCDFs, and dioxin-like PCBs in each
of the four pooled samples as well as totalled across the
classes. No substantial local differences were observed.
Non-ortho and mono-ortho PCBs contributed from 60 to
69 % to the total WHO-TEQ of these samples, the major
contributors being PCBs 126 and 156. 2,3,4,7,8-PeCDF is
responsible for about 85% of the WHO-TEQ value of the
PCDF class. The contribution of PCB 77 was negligible.

DISCUSSION AND CONCLUSION
More than 2500 milk samples were analyzed for indicator PCB congeners between 1994 and 2000. One aim of
the present study was to determine the current levels of
PCB congeners in milk from mothers living in the Czech
Republic and to identify locations with increased exposure levels. The second round of the WHO-coordinated
Exposure Study of PCBs, PCDDs and PCDFs concentrations in breast milk conducted during the period 1992 –
1993 showed the exceptionally high levels of indicator
PCBs in particular regions in Canada, the Czech Republic
and the Slovak Republic [5, 6]. In the present study, the
levels of indicator PCBs in all the monitored milk samples
were consistent with the values obtained in the WHOcoordinated Exposure Study in the pooled breast milk sample (N=11) from the low-exposed locality Kladno, Czech
Republic [5]; they were also in the same range as in industrialized countries from other parts of the world. The strong
associations (p<0.0001) found in this study between mother’s age and the PCB concentration in their milk have been
previously established and observed in many other studies
[11], but no association of PCB levels and Body Mass
Index was observed in our donors. Also the range of delivery did not significantly influence the results.
Analysis of local variations indicated increased levels
of marker PCBs found in one of four monitored districts
in our study. The district Ústí n. L. in northern Bohemia
belonged to the region with a high level of industrialization, in particular the chemical industry. The levels of
indicator PCBs 138, 153, and 180 in the breast milk from
this location, especially those obtained in the years 1994
to 1996, correspond with the values observed in the

Plzeň
4.08
6.64
8.8
12.7
32.2

Ústí n. L.
4.34
8.48
9.2
13.3
35.3

WHO-coordinated Exposure Study in the pooled breast
milk sample (N=11) from the high-exposed locality
Uherské Hradiště, Czech Republic [5]. Our monitoring
results confirm that other local-based differences in the
body burden of the Czech population may also exist.
Similarly as in several west European countries during the past decade [12], a significant declining trend was
observed in the levels of our indicator PCB data. However, no significant decrease was observed in milk samples
from the locality with the highest levels of indicator
PCBs. High levels of indicator PCBs in the exposed location were, however, not accompanied by an increase in
PCDDs/PCDFs levels. Dioxin equivalent concentration of
PCDDs and PCDFs in our pooled milk samples ranged
between 9.9 and 13.8 pg WHO-TEQ/g milk fat, i.e. within
a lower rank of relevant European data [5, 6, 12]. As in
other European countries [2, 13], the contribution of
2,3,4,7,8-PeCDF to the PCDD/PCDF WHO-TEQ value
was quite high - about 54 % in our study. PCBs constituted a major part of the total WHO-TEQ value. This confirmed the importance of the PCB body burden in the
Czech population. The substantial contribution of PCBs
126 and 156 was in agreement with other studies [2, 14].
In conclusion, the obtained results showed that the
Czech population was at a higher exposure risk to PCBs
in the past and that some regions with high exposure
levels may still be found. However, a long-term declining
trend is observed in the past decade. The concentrations
of PCDDs/ PCDFs in breast milk from Czech mothers
ranged within a lower rank of relevant European data. The
resulting WHO-TEQ values calculated for pooled breast
milk samples are mostly dependent on the presence of
non-ortho and mono-ortho PCBs with established WHOTEFs in the human body. Future studies of the body burden including analysis of human blood are recommended.
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SUMMARY

INTRODUCTION

A birth cohort study is being launched to examine
polychlorinated biphenyls (PCBs), 2,3,7,8-tetrachlorinated dibenzo-dioxin (TCDD), and dioxin-like toxic
equivalence (TEQ) exposures in relation to neurobehavioral and immunologic development. Neurobehavioral
deficits have been observed in both animal and epidemiologic studies of in utero exposures. Immunologic toxicity
of dioxin and several congeners of PCBs has been observed in animals, but human data for adults have provided little support.

Between 1959 and 1985, the Chemko, Inc., plant located in Michalovce, Slovakia, produced polychlorinated biphenyls (PCBs) in the form of Delors, and discharged the waste in the surrounding environment. The
extent of environmental contamination has been welldocumented in a series of studies [1 - 4]. These investigations documented elevated levels of PCBs in soil,
sediment, air and wildlife; human blood, adipose tissue,
and breast milk; and food products from locally raised
animals or locally caught fish.

This study will involve a cohort of births from two
districts in eastern Slovakia: one is Michalovce, where a
chemical manufacturing plant that operated from 1959
through the mid-1980’s improperly discharged large
quantities of contaminated waste into the surrounding
area; the other is Svidnik, a comparative region without
direct exposure to this pollution. We will describe, for a
total of 1200 births during the period 2002 to 2003, the
distributions of PCB congeners in umbilical cord and
maternal serum collected at birth, and in infant serum
from 6 and 16 months of age, as well as PCDDs/PCDFs
and coplanar PCBs in breastmilk. Metabolites of PCBs
will be measured in maternal serum. These determinations
will be examined in relation to immunophenotypes of
lymphocytes, thymic size, post-vaccination antibody
titers, immunoglobulins, hearing, motor and cognitive
impairment, childhood morbidity, prenatal and postnatal
growth, and thyroid hormones in early life.

To address the potential for human health effects, a
cohort of newborns from two districts in Eastern Slovakia is being followed up to 16 months of age. The
rationale for this study stems from uncertainty regarding
the exposure levels for PCBs and for 2,3,7,8-tetrachlorinated dibenzo-dioxin (TCDD) that may produce
neurobehavioral deficits in children exposed in utero;
and regarding the potential of these compounds to produce immunotoxic effects in humans. In particular, associations with neurobehavioral defects are found in
some but not all epidemiologic studies of environmental
exposures, with data suggesting that susceptibility is
greatest when exposure occurs during the prenatal period. Secondly, animal models suggest immunologic development to be a particularly sensitive endpoint, but
human data have been equivocal. The proposed study
will, therefore, evaluate the prenatal and postnatal organochlorine exposures in relation to immune markers at
birth and in early childhood, to intrauterine and infant
growth, and to early neurobehavioral development. Additionally, as disruption of thyroid function has been
implicated as one mechanism for developmental toxicity
of these compounds [5, 6], thyroid hormones will be
examined.

KEYWORDS:
PCBs, Polychlorinated biphenyls, dioxin, 2,3,7,8-TCDD, neurobehavioral development, immunology, children’s health, thyroid
hormones, infant morbidity, birth weight.
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The specific aims are:
1. to describe the distributions in this population of concentrations of PCB congeners in the umbilical cord and maternal serum collected at birth and in infant serum collected at 6 and 16 months of age, the distributions of
polychlorinated dibenzo-p-dioxins and –furans (PCDDs/
PCDFs) and coplanar PCBs in breastmilk, and the distributions of PCB-OH metabolites and PCB-MeSO2 metabolites in maternal serum;
2. to examine the hypotheses that higher exposures to
PCB/PCDF/PCDDs or metabolites of PCBs in the
prenatal period are associated with alterations in cellular immune parameters (immunophenotypes of lymphocytes including B, T, NK, CD4+ and CD8+ cells)
measured in umbilical cord blood, and with reduced
thymic size at birth;
3. to examine the hypotheses that higher exposures to
PCB/PCDF/PCDDs or metabolites of PCBs in the
prenatal or postnatal period are associated with: (a)
lymphocyte subset alterations in the child at 6 and
16 months; (b) post-vaccination antibody titers to
diphtheria and tetanus at 6 months; (c) general immunoglobulins at 16 months; and (d) reduced thymic size
at 6 months and 16 months;
4. to examine the hypothesis that higher exposures to
PCB/PCDF/PCDDs or metabolites of PCBs in the
prenatal or postnatal period are associated with increased incidence of childhood morbidity from otitis
media and lower respiratory infections between birth
and 16 months of age;
5. to examine the hypotheses that higher exposures to
PCB/PCDF/PCDDs or metabolites of PCBs in the prenatal or postnatal period are associated with defects in neurodevelopment, including hearing, motor, and cognitive
impairment (relating outcomes measured at birth to prenatal exposures, and later outcomes to prenatal or postnatal exposures);
6. to examine the hypotheses that higher exposures to
PCB/PCDF/PCDDs or metabolites of PCBs in the pre-

natal period are associated with intrauterine growth retardation, and exposures in the prenatal or postnatal
period with deficits in early childhood growth, particularly in males; and whether reduced growth at
birth is a marker for greater susceptibility to organochlorine induced effects on other outcomes listed
above;
7. to examine the hypothesis that higher exposures to
PCB/PCDF/PCDDs or metabolites of PCBs in the
prenatal period are associated with alterations in thyroid hormones (free and total T3 and T4, TSH) and
auto-antibodies in early life.

MATERIALS AND METHODS
Data collection

The goal of this study is to include a total of 1200 births
during the period 2002-2003 in two districts, half from the
district with high contamination of PCBs (Michalovce), and
the other half from a district upwind and upstream of the
chemical facility, with lower contamination levels (Svidnik). The data are collected at three time points to address
the aims listed above. The three time points are: delivery
and the subsequent hospital stay; 6 months; and 16 months.
Table 1 gives an overview of all the data collection that is
planned for the three time points.
In each of the two districts, there is a maternity hospital that serves the entire district. The mothers are approached at the time they come to the hospital prior to
delivery. At the first contact with the women, the study is
explained, eligibility is determined, and consent is obtained. Eligibility criteria for the women are: (a) 18 years
of age or older; (b) resided for five or more years in
Michalovce or Svidnik district; (c) parity is less than four
(i.e., no more than three previous full-term or livebirth
pregnancies); (d) free of serious illnesses during the pregnancy, including cancer, psychosis, toxoplasmosis, rubella. Additionally, multiple births and children with serious
congenital anomalies are excluded.

Data
Overview
TABLECollection
1 – Data Collection Overview.
Birth

6 months

16 months

Questionnaire

Questionnaire

Questionnaire

Thymus ultrasound

Thymus ultrasound

Thymus ultrasound

Automated Auditory
Brainstem Response
Teeth

Bayley scales
Teeth, facial structure Teeth

Specimens (maternal &
Specimens (blood,
cord blood, breast milk,
breast milk)
placenta
Prenatal, Delivery, &
Pediatric record
Newborn record
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Specimens (blood)
Pediatric record
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TABLE 2
Biological media and timepoints in which measurements are made of exposures and impact.

Biologic medium**:
Exposure to be measured:
PCBs
PCDD/PCDFs/
coplanar PCBs
PCB metabolites
Thyroid hormones & antibodies
Lymphocytes
IgG, IgM, IgA, IgE
Metals

Maternal
blood

Fetal/baby blood:
Cord – 6 mo. – 16 mo.*

x

x-x-x

Breast milk

x
x
x-x-x
x-x-x
0-0-x
x-x-x

x

*These three time points for cord, 6-month and 16-month baby blood are represented as 1st-2nd-3rd
** Placental tissue will also be collected and stored for later uses.

Specimens collected at delivery are: maternal blood,
cord blood, and placental tissue. Use of these specimens,
and the maternal breast milk, is described in Table 2.
Besides direct measures of the exposures and both neurobehavioral and immunologic outcomes, measurements of
thyroid hormones and auto-antibodies will be conducted;
these are of particular interest as a mechanism of action,
and a pathway for developmental defects [5-9]. Thyroid
disturbances have been observed in the population of
Michalovce [7]. The placental tissue will be stored for
later use. During the mother’s stay at the hospital, she is
interviewed and asked to take a short IQ test (Raven’s
Progressive Matrices). The newborn is given a general
medical examination; the automated auditory brainstem
response test for hearing loss; and a thymus ultrasound.
The child’s mouth is examined for natal teeth. Prior to
discharge from the hospital, the mother is asked to contribute a breast milk sample. Trained nurses and study
coordinators administer the questionnaire and IQ test, and
also abstract data from the prenatal, labor and delivery,
and newborn records.
The maternal questionnaire collects information on
the mothers’ pregnancy, any complications, medications
taken during pregnancy, previous pregnancy history,
family medical history, lifestyle factors such as smoking
and alcohol consumption, and sociodemographic, residential, household (number of rooms and number of people
living there), gardening, environmental exposure and
employment and occupational information. Further questions address their diet, including nutritional variety and
adequacy of micronutrient intake, consumption of locally
or home produced animal products or locally caught fish.
Data to be abstracted from medical charts include:
month prenatal care began, gestational diabetes, complications during pregnancy, medications given during pregnancy or during labor and delivery, anesthesia during labor
and delivery (which can influence lymphocyte subpopulation distributions [10], the date of the last menstrual period,

dates and results of ultrasound during pregnancy, weight
gain, and the baby’s APGAR score, birth weight, length,
head circumference, gestational age, treatments given
after birth, whether the child was put in intensive care,
and whether the mother was breastfeeding at discharge.
The information on pregnancy and delivery and on the
newborn is recorded on a standard form throughout the
Slovak Republic, thereby facilitating abstraction.
When the child is six months of age, the mother is invited to bring him/her in for a second visit. A second
measurement of the thymus using ultrasound is conducted, and an oral examination should identify erupted teeth.
A digital photograph is taken to allow classification of
dysmorphology. Blood will be collected from the baby.
The six-month blood sample is used for a challenge test to
determine antibody titer response from earlier immunizations; for measurement of lymphocytes, thyroid hormones
and auto-antibodies; and for measurement of PCBs and
other exposures. Another questionnaire is administered to
the mother to obtain information on breastfeeding and
changes in the household composition or residence. Pediatric records are abstracted to obtain data on illnesses,
medications prescribed, treatments given, and stature at
all pediatric examinations. When the child is sixteen
months old, a similar examination as the 6-month visit is
conducted, with a food frequency for the child’s diet.
The Bayley scales are administered, which assess motor
and cognitive development. They were chosen for this
study because of their good psychometric properties and
the fact that previous research has observed deficits on
some Bayley scores in relation to PCB exposures. The
blood sample is used for measurement of PCBs and
other exposures, lymphocytes, immunoglobulins, and
thyroid hormones.
Web-based data entry systems are used for ongoing
data entry, and to facilitate the checking for errors. It
enhances the transcontinental collaboration between U.S.
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and Slovakian scientists, as identical information can be
retrieved from any of the study sites, including: University of California at Davis, the Institute of Preventive and
Clinical Medicine in Bratislava, and the hospitals in
Michalovce and Svidnik. Data cleaning is being started
immediately, and statistical analyses will be ongoing.
Statistical Analyses

For our descriptive aim, standard univariate summary
statistics are generated for each exposure overall and by
district. Using data on 200 infants, for whom we will have
PCB measurements at birth, 6 months and 16 months, we
will examine the contribution of postnatal exposures in
early childhood and attempt to derive a time-dependent
estimate of cumulative PCB internal dose over the
child’s early life.
The analyses addressing the relationship between exposure and effect (immunologic, neurodevelopmental and
growth) are to proceed from examination of simple bivariate associations to multiple regression models that control for confounders. Cross-sectional data are analyzed
using multiple linear regression for outcomes such as
lymphocyte, immunoglobulin, Bayley scales and other
continuous variables. Longitudinal data incorporating all
three time points are examined using generalized estimating equations (GEE) for solutions to regression models
that incorporate clustering for multiple measurements on
the same child. Counts of events such as episodes of illness are examined using Poisson link functions in GEE
models. For measurements made at birth (e.g., birth
weight, lymphocyte immunophenotype proportions from
cord blood, thymic size in the newborn, etc.), only the
estimates of prenatal exposure, using cord or maternal
concentrations, will be relevant; for later outcomes (e.g.,
antibody titers, thymic size at 6 months, Bayley scores,
etc.), both pre- and post-natal exposures will be of interest.
To identify potential confounders, we begin with variables that have known or suspected relationships to the
impact and cast a wide net to evaluate other variables that
could plausibly be related. Variables showing little or no
relationship with one or both of exposure and effect or
that are likely to be intermediates on the causal pathway
are not entered into the multiple regression models. For
continuous effects (all effects except for morbidity), we
will use multiple linear regressions, after checking for
violations of model assumptions (normality, linearity,
homoscedasticity, additivity) and where appropriate,
evaluating possible transformations. Parsimonious models
that include the appropriate confounders are obtained
using the change-in-estimate criterion, to ensure that no
variable is removed which alters the exposure-effect relationship of interest [11]. Next, we evaluate for interactions. Candidate effect modifiers may include: metals,
maternal age, smoking, alcohol, gender of the child, and
ethnicity (Gypsy, Hungarian, and Slovak) of the mother,
as well as some sociodemographic, reproductive and
medical factors.

For dichotomous outcomes, including auditory
brainstem response (pass vs. refer) and incidence of
illnesses (ever vs. never diagnosed), logistic regression
models are fitted to the data. For illnesses with 2 or
more occurrences among 15 or more children, ordinal
logistic regression is used.
The metabolites, PCB-OH's and PCB-MeSO2, determined at the time of delivery are also considered as a separate exposure indicator, and for each aim, will be evaluated
with regard to impact on a subset of 400 infants.
We note that analyses of specific congeners are
fraught with difficulty, due to correlations. In order to
avoid drawing false conclusions about any single congener, we will first determine all pairwise correlations
among the organochlorines determined in over 80% of the
subjects. Where correlations are high, they need to be
considered in conducting and interpreting analyses of
relationships with the effects of interest. In practical terms,
a relationship with a single organochlorine may be viewed
differently than that with multiple compounds. One strategy to avoid multiplicity issues is to apply empirical Bayes
techniques, using hierarchical methods [12]. These shrinkage methods based on even quite broad prior probabilities
enhance the confidence that associations found to substantially deviate from the null are not due to chance.
The correlation between pre- and post-natal exposure
is examined in the 200 children for whom we will carry
out three determinations of PCBs. If these correlations are
high, distinguishing the effects of pre vs. postnatal exposures would not be possible. If they are moderate or low,
it should be possible to evaluate this question.

PRELIMINARY DATA AND DISCUSSION
This project has been funded by the U.S. National
Institutes of Health, National Cancer Institute. In parallel, a European Union-funded study of 2000 adults and
400 school children is also taking place in the same two
districts. Much of the fieldwork has already been completed for the EU-funded project, establishing a superb
infrastructure for the study described in this report. The
specimen collection and laboratory determination protocols for the exposures of interest are carried out in an
identical manner, with the determinations in the same
laboratory.
Figure 1 compares the concentrations of selected PCBs
from studies of several cohorts in various parts of the
world, including a sample of residents of Michalovce from
the mid-1990’s. Other cohorts included pregnant women
from the San Francisco Bay Area, USA during the mid1960’s [13]; Atlanta, USA in the mid-1980’s [14]; Taiwan
women unexposed to the Yu-Cheng accident; Taiwan
women 14 years after exposure in the Yu-Cheng accident
[15]; Inuits from Northern Quebec in the early 1990’s and
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PCB Comparisons in different
populations: lipid-adjusted
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CHDS, California, pregnant women (1963-67)
Patterson, Atlanta, general (1988)
Guo, Yucheng, women, unexposed (1992)
Guo, Yucheng, women, 14 years post exposure (1992)
Ayotte, Nunavik, Inuit (1992)
Ayotte, S. Quebec, general (1992)
Kocan and Pavuk, Michalovce, males and females, combined (1994, 1998)
Kocan and Pavuk, Svidnik, males and females, combined (1994, 1998)

FIGURE 1 - Bar chart of lipid-adjusted concentrations of several PCB congeners, as
reported in studies of populations around the world. The eight bars correspond to
different populations; some congeners were not measured in all the populations.

a general population from Southern Quebec in the same
time period [16]. For PCB congeners #118, #138, #153,
#170 and #180, the concentrations in Michalovce are
higher than for any of the other populations, but comparable to the exposures of the Inuits, and for #138 and #170,
comparable to the levels of Yu-Cheng mothers, 14 years
post-exposure.
These data indicate that the exposures in the
Michalovce region appear to be among the highest in the
world at present. In this context, the launching of a comprehensive longitudinal study of a large birth cohort is
significant. Several preceding or simultaneous studies are
in progress, evaluating cohorts in Germany [17-18], the
Netherlands [19-23], Denmark [24], and the northern
Quebec Inuit population [25-27]. All have contributed to
better understanding the early life effects of exposures to
PCBs and/or dioxin and dioxin-like compounds. It appears that the exposures of the Inuits and the Slovaks may
be the highest.

there is substantial variability in exposures in the two
communities, which will enable a detailed assessment of
dose-response relationships. Establishment of this cohort
and the collection and storage of biological samples for
later use will provide the basis for long-term follow-up
and the application of technologies to be developed in
the 21st century.
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SUMMARY

INTRODUCTION

Under normal industrial and agricultural production,
changes in the levels of contaminants in the environment
may be predictable. Economic and social changes may
alter environmental and human exposure patterns.

Monitoring of organochlorine contaminants (OCC) in
foodstuffs, can be used as an indicator of "chemical
events" in the environment. Human milk, as the end link
in the food chain is likely to mirror all such events [1-3].

The purpose of this study was to reexamine the seasonal variations of organochlorine contaminants (OCC) in
human milk a decade after the previous study and to determine the impact of 2 years of the UN Security Council
sanctions on the levels of these chemicals.
In the samples of 3rd day colostrum, 15 from the autumn of 1993 and 14 from the spring of 1994 OCC (total
HCH with isomers, total DDT with metabolites, and PCBs)
were measured using the ECD gas chromatography. Compared with the earlier findings, the autumn-spring ratio
remained similar after one decade only for α-HCH and
total PCBs; it became inverse for β-, γ -HCH, DDE and
DDT. None of the chemicals measured exceeded the values
reported for human milk throughout the world.
Major changes, not only in industry and agriculture,
but also in the nutrition of people during economic sanctions could, at least in part, influence the levels of some
OCC in human milk.

KEYWORDS:
human milk, pesticide residues, PCBs, neonate, colostrum.

The purpose of this study was to:
a)

reexamine seasonal variations of OCC in colostrum, found in the earlier course of monitoring [4];

b)

estimate the impact of total UN Security Council
embargo imposed on Yugoslavia, on the levels of
pesticide residues and PCBs in colostrum as a reflection of environmental pollution.

MATERIAL AND METHODS
Sampling of colostrum: Samples of colostrum were
collected from healthy, nursing mothers on the 3rd day
after a normal delivery, in two seasons - autumn 1993
(n=15) and spring 1994 (n=14). They had a normal pregnancy and all babies were healthy. The age of mother
donors of colostrum in 1993 was 23.67 ± 4.42 yrs. and in
1994, 24.92 ± 4.70 yrs. Average weight gain during pregnancy was 11.27 ± 5.61 kg in 1993 and 12.30 ± 4.19 kg in
1994. Mothers started nursing their babies 10-14 h after
the delivery. Samples of colostrum (25-30 ml) were expressed manually into glass bottles, after mid-morning
nursing, and stored at - 20°C until analyzed. All mothers
lived in the region of South Bačka (southern part of the
Province of Voyvodina in northern Serbia).

Preparation of samples was described elsewhere [4]. Measurements of α-, β- and γ-hexachlorocyclohexane (HCH), 1,1dichloro-2,2-bis (p-chlorophenyl) ethylene (DDE), 1,1,1trichloro-2,2, bis (p-chlorophenyl) ethane (DDT) and polychlorinated biphenyls (PCBs) were performed on the ECD
Preparation of samples and measurement of OCC:
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GC Varian 3400 (glass column 30 m x 1,5 mm with DB1
coating). PCBs were determined as the sum of 8 congeners
(28, 53, 101,138, 153, 170, 178 and 180).

donors of colostrum in the same seasons of 1982 and
1983, respectively.
Concentrations of OCC in human colostrum, collected
11 years apart, in two seasons of two successive years, are
presented in Tables 1 and 2.

Student t test was used to estimate
the difference of OCC concentrations between the two
seasons and the two periods.
Statistical analysis:

The autumn - spring ratio of concentrations measured
in 1993/1994 and 1982/1983 were similar only for αHCH and total PCBs. For the rest of compounds, autumn - spring ratio became inverse after 11 years: β-, γ-,
ΣHCH, DDE, DDT and ΣDDT were lower in autumn
1993 than in spring 1994 and higher in autumn 1982 than
in spring 1983 (Tables 1, 2).

RESULTS
Two groups of mothers, donors of colostrum in 1993
and 1994, did not differ significantly by their weight gain
during the pregnancy or by the age at delivery, neither one
from another, nor from other two groups of mothers,

TABLE 1 - Concentrations (µg/L) of HCH isomers, DDT, its metabolites and PCBs in the autumn of 1993
and the spring of 1994, in whole colostrum, on the 3rd day of lactation. x ± SD, median value (range).
α-HCH

β-HCH

γ-HCH

ΣHCH

DDE

DDT

ΣDDT

ΣPCBs

0.46

3.01

1.32

4.56

13.13

0.50

12.37

10.95

autumn

±

±

±

±

±

±

±

±

1993

0.17

1.79

0.79

2.61

4.51

0.75

5.81

9.22

4.09

11.3

0.00

11.30

8.23

n=15

0.51

2.4

1.16

(0.00 - 0.65)

(1.60 - 8.47)

(0.61 - 3.87)

0.08

0.29

0.14

0.05

0.20

0.01

0.09

0.05

p value

(2.21 - 12.99) (7.37 - 23.89)

(0.00 - 1.85) (7.37 - 25.74) (4.65 - 42.04)

1.51

4.03

1.99

7.54

18.28

1.44

19.76

5.49

spring

±

±

±

±

±

±

±

±

1994

2.26

3.13

1.53

5.08

14.51

1.15

15.01

4.13

n=14

0.55

3.35

1.35

7.00

14.25

1.45

15.10

4.85

(0.00 - 8.10)

(0.00 - 10.20)

(0.00 - 4.40)

(0.00 - 22.70)

(0.00 - 57.70)

(0.00 - 3.50) (0.00 - 61.20) (0.00 - 14.90)

TABLE 2 - Concentrations (µg/L) of HCH isomers, DDT, its metabolites and PCBs in the autumn of 1982
and the spring of 1983, in whole colostrum, on the 3rd day of lactation,  x ± SD, median value (range).

autumn

α-HCH

β-HCH(a)

γ-HCH(a)

ΣHCH

DDE(a)

DDT(a)

ΣDDT(a)

ΣPCBs

0.46

0.95

1.71

3.19

69.39

20.01

89.34

40.08

±

±

±

±

±

±

±

±

1982

0.48

1.09

2.27

3.42

33.79

15.94

45.54

23.27

n=26

0.33

0.54

0.87

1.97

76.06

14.37

90.50

39.65

(0.00 - 1.91)

(0.00 - 4.61)

(0.14 - 9.49)

(0.14 - 16.01)

(11.96 - 139.24)

(4.13 - 68.19)

(16.09 - 207.43)

(6.58 - 94.55)

p value

2.46E-3

0.81

0.02

0.91

0.12

0.11

0.09

1.41E-5

spring
1983

1.43
±
1.46

0.88
±
0.89

0.67
±
0.66

3.11
±
2.25

55.05
±
34.54

14.29
±
11.35

69.37
±
43.29

18.05
±
11.55

n=33

1.27

0.67

0.43

2.58

63.67

10.83

70.91

14.72

(0.09 - 7.23)

(0.05 - 3.87)

(0.09 - 2.72)

(0.23 - 13.82)

(7.08 - 147.18)

(1.84 - 47.42)

(8.92 - 194.60)

(2.92 - 51.41)

(a)

values published in 1986 [4]
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TABLE 3 - The trend of changes in OCC compound concentrations
(µg/L whole colostrum) after 11-year period, in the two seasons.

OCC compounds
α-HCH
β-HCH
γ-HCH
Σ HCH
DDE
DDT
Σ DDT
Σ PCBs
æ - fall

AUTUMN
1982 vs. 1993
æ
ä
æ
ä
æ
æ
æ
æ

p value
n.s.
4.32E-5
n.s.
n.s.
1.52E-7
3.10E-5
1.11E-7
4.11E-5

SPRING
1983 vs. 1994
ä
ä
ä
ä
æ
æ
æ
æ

p value
n.s.
2.99E-6
1.42E-4
1.34E-4
4.02E-4
1.24E-4
1.41E-4
2.78E-4

ä - increase n.s. – not significant

DISCUSSION AND CONCLUSION
The total UN Security Council embargo imposed on
Yugoslavia by the Resolution No 757 (spring 1992), created severe untoward effects on agricultural and industrial
production. That unexpected event could easily interfere
with the natural trend of OCC levels in the environment.
Unfortunately, collection of samples of colostrum for the
measurement of OCC concentrations just before the imposition of UN sanctions and exactly ten years after their
first monitoring in the region of South Bačka, was not
performed. Although those measurements were postponed
for one year, the changes of OCC concentrations should
be considered, not only in respect of the time difference,
but even more in respect of that major event - the critical
fall in the industrial production and standard of living of
Yugoslav population, with the repercussions on its nutrition that ensued in the second half of 1993 [5].
γ-HCH concentrations in colostrum in the two periods, 1993/1994 and 1982/1983 [4], were below the lowest
values reported for mature human milk till 1984 [6]. Total
HCH concentrations in 1982/1983 and 1993/1994 were in
the range of values reported throughout the world, similarly as total DDT in 1982/1983 [7]. In 1993/1994, total
DDT was among the lowest values quoted in the literature
[7-10]. Concentrations of total PCBs found in 1982/1983
and 1993/1994 were below the values reported in most
countries [7, 10, 11].
The ratio of OCC concentrations between the autumn
and the spring of 1993/1994 was similar to 1982/1983
only for α-HCH and total PCBs. However, this ratio was
inverse in the two 11-years-apart periods for β-HCH, γHCH, total HCH, DDE, DDT and total DDT (Tables 1, 2).

Concentrations of total DDT, its metabolites and total
PCBs fell significantly over the past decade in both seasons,
autumn and spring (Table 3). This could be attributed to: a)
restrictions and ban of their use in Yugoslavia [12], as
throughout the world; b) biodegradation of these compounds under natural conditions [7]; c) legislative measures
on their maximum acceptable amounts in foodstuff [13].
However, the changes of HCH isomer concentrations
did not have a similar decreasing trend (Table 3).
In spring 1994, β- and γ-HCH were significantly
higher and α-HCH non-significantly, than a decade earlier. The reason for such changes could be the appearance
of uncontrolled industrial products (pesticides), illegally
imported for the use in agriculture during the UN embargo period.
Concentrations of total DDT and its metabolites in
the whole colostrum were lower in both periods of this
study, when compared with the data from various sources
for late '60 and early '70 [14]. In another study performed
in early '80 [15] the concentrations of these compounds
were lower than in the period of initial monitoring in the
region of South Bačka, but higher than in 1993/1994.
Concentrations of γ-HCH (lindane), total DDT and
PCBs in human colostrum in 1993/1994 were far below
the acceptable amounts of these chemicals in cow's milk
for Yugoslavia [13].
Speculating on the differences of HCH isomer concentrations between 1982/1983 and 1993/1994 (Table 3),
two issues should be considered:

Speculative explanation for such findings could be
the events on the "black market", including pesticides,
during UN embargo, although solid proof for that is not
available.
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Since the production of pesticides was greatly
reduced over the period of UN embargo, they
were illegally imported and sold on the "black
market". Not only that their production in an unknown country of origin might has been poorly
controlled, but also their storage could have been

© by PSP Volume 12– No 2. 2003

Fresenius Environmental Bulletin

inadequate or they could have expired long before they were used in agriculture.
2.

[10] Larsen, B.R., Turrio-Baldassarri, L., Nilsson, T., Iacovella,
N., di Domenico, A., Montagna, M., (1994) Toxic PCB congeners and organochlorine pesticides in Italian human milk.
Ecotoxicol. Environ. Saf. 28:1-13.

Nutritional habits in the population have significantly changed during the period of embargo.
Analysis of food intake by the Yugoslav population in 1993 showed that, compared to recommended minimum, the use of cereals increased
by 11% and the use of other foods decreased milk with milk products by 24%; meat, fish and
egg by 23%, vegetables by 36%, and fruits by
46% [5]. Under such changed conditions, when
cereals became predominant in the nutrition of
people and with γ-HCH as a major constituent of
pesticides, its transformation into β- isomer similarly to γ- → α- HCH isomertransformation (17),
could have happened. It is also not impossible
that β-HCH and not γ-HCH, was a major constituent of pesticides at that time, forstill unknown reason(s).

[11] Czaja, K., Ludwicki, J. (1993) Halogenated hydrocarbons in
human milk. Pol. Tyg. Lek. 48: 417-9.
[12] Pesticidi u poljoprivredi i šumarstvu u Jugoslaviji (1982)
Savezni komitet za poljoprivredu. Privredni pregled, Beograd, pp. 15-148. Pesticides in agriculture and forestry in
Yugoslavia (1982). Federal Committee of Agriculture. Economic Review, Beograd, pp. 15-148.
[13] Pravilnik o količinama pesticida, metala i metaloida, otrovnih
supstancija, hemioterapeutika, antibiotika i drugih supstancija
koje se mogu nalaziti u namirnicama (maj 1992). NIN
Službeni list SR Jugoslavije. Beograd 5/92: 7-151. Book of
Regulations on amounts of pesticides, metals and metaloids,
toxic substances, chemotherapeutics, antibiotics and other
substances which may be found in foodstuffs (May 1992).
NIN Official Journal of FR Yugoslavia. Beograd 5/92: 7-151.
[14] Polishuk, Z.W., Ron, M., Wasserman, M., Cucos, S., Wasserman, D., Lemesch, C., (1977) Pesticides in people. Pesticid. Monit. J., 10:121-129.
[15] Krauthacker, B., Alebić – Kolbah, T., Buntić, A., Tkalčević, B.,
Reiner, E., (1980) DDT residues in samples of human milk
and in mothers and cord blood serum, in a continental town
in Croatia (Yugoslavia). Int. Arch. Occup. Environ. Health
46: 267-273.
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SUMMARY
Concentrations of indicator PCB congeners were determined in plant samples collected in an area where a
paint factory using PCBs as primary materials had operated in the seventies and eighties. The sampling sites included recultivated legal waste dumps and places of
cleared illegal waste dumps. In addition to alfalfa, rape,
and cereals, included among the EPA bioindicators, stinging nettle, corn camomile, saltweed, and bindweed were
sampled as typical representatives of dump vegetation.
Further, the contamination of browsing plants which
forms a food basket basis for game animals, was evaluated. Results of HRGC/ECD analyses unambiguously
demonstrated that failure in safe disposal of waste materials containing PCBs can result in a significant contamination of all compartments of the ecosystem, in particular of
the hydrosphere and pedosphere. Some species of dump
vegetation (singing nettle, corn, camomile, saltweed) have
proved to be excellent bioindicators, particularly for areas
where cultured plants are not available.

living in the area under study. Contaminants detectable by
use of bioindicators include also PCB indicator congeners
28, 52, 101, 118, 138, 153, 180, which rank with priority
pollutants monitored in the Czech Republic [1]. Plant
bioindicators are used in the Czech Republic in environmental studies of agrarian ecosystems where they can
yield information for both conventional monitoring and
biomonitoring. The most frequently used plant species are
alfalfa, cereals, and oil plants [2]. Of great importance is
the source of contamination. Monitoring of PCBs can
often identify long-distance transmission as one of the
contamination sources. Airborne volatile PCBs can originate from various sources including agricultural production [3]. Thus, PCBs penetrate into plant tissues and influence the contamination level. Papers dealing with the
contamination of crops by xenobiotics are rather scarce.
Most of the respective investigations were carried out in
fodder plants and were oriented rather on effects of feeding of contaminated crops to farm animals [4]. No detailed studies concerning the use of plant bioindicators
were found in available literature.

KEYWORDS: Agrarian ecosystem, plant bioindicators, dump
vegetation, cultured plants, browsing plants, polychlorinated biphenyls indicator congeners, high resolution gas chromatography/
electron capture detector analysis.

Game species are often used in the assessment of environmental pollution of agrarian ecosystems, because
they consume a variety of plant species including both
those typical of dump vegetation and cultured crops, such
as alfalfa, fodder plants, cereals, and oil plants. Part of
their food basket is also leafage of various bushes growing on balks and/or game refuges. Such plants are called
here browsing plants. Knowledge of the level of contamination of this link of the food chain is, therefore, necessary for studies of transfer of xenobiotic [4, 5]. Comprehensive studies of plant contamination were completed in
Moravian areas affected by disastrous floods in 1997 and
1998. Effects of floods on the contamination of soil and
vegetation by persistent organic substances are summarized in the „Report on the 1998 Monitoring Results Hazardous Substances within Food Chains and Influenc-

INTRODUCTION
Bioindicators rank with matrices in which concentrations of organic pollutants may considerably exceed those
found in air, water, sediments, or soil. Bioindicators,
which are frequently used in monitoring studies and
screenings, should allow selective and specific determination of contaminants not only in all compartments of the
environment, but also in all links of food chains of species
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ing Imputes published by the Ministry of Agriculture of
the Czech Republic in 1998 [6]. A similar study was focused on the passage of contaminants from plants into
tissues of wild animals [7,8].
There is not a lot of information in the literature
available, dealing with a contamination of plant material
and/or soil by PCBs. Various studies published till now
are focused on biodegradability effects and/or transfer of
such contaminants from lower to higher links of food
chain. The effects of the phytogenic surfactant soya lecithin
on the aerobic biodegradation of PCBs spiked into a synthetic soil were studied. Soil was spiked with both biphenyl
(4 g/kg) and Fenclor 42 (1 mg/kg) and treated in aerobic
batch slurry-phase microcosms (17.5 % w/v). In the presence of soya lecithin , a higher availability of biphenyl- and
chlorobenzoic acid – degrading bacteria and higher PCB
biodegradation and dechlorination yields were observed;
the effects increased proportionally with the concentration
of the soya lecithin applied. A significant decrease of soil
ecotoxicity was also revealed in soya lecithin supplemented
microcosms [9]. Another study was focused on accumulation of soil originated PCBs in plants [10]. The present
study concerns PCB accumulation in soil at two depths as
well as in Taraxacum officinale plants. An analysis of the
distribution of different groups of PCB congeners in plant
and soil material revealed the highest content of hexa and
hepta chlorinated biphenyls fractions. Statistical test of
pair comparison has revealed significant differences in
accumulation rates for the following pairs: pentachlorinated congeners are accumulated at a higher rate than tetrachlorinated ones and hexachlorinated congeners are
accumulated at a higher rate than pentachlorinated ones.
This phenomenon occurs in the area of railway junctions
(areas heavily polluted with oil derivatives).
MATERIAL AND METHODS
Plant samples including alfalfa, cereals, oil plants and
dump vegetation, were collected from recultivated waste
dumps and old neglected dumps of a paint-producing
factory in the Middle Moravian region and tested for the
content of indicator PCB congeners. Browsing plants
constituting the main component of a food basket of game
animals were collected in the same area. Samples were
collected five times during the April - August using standard procedures used in the Czech Republic within the monitoring of environmental pollution. For each species, 3000
g of plant mass was collected as a composite sample. The
mass was homogenized and 300 g were taken as a laboratory sample. Five aliquots of approx. 50 g were analyzed and the results were expressed as means of the 5
concurrent analyses.
Chemicals

Solvents: n-hexane, residue analysis grade; petroleum
benzine, boiling range 40-60°C; diethyl ether, analytical

grade, bidistilled, peroxide – free; acetone, residue analysis grade; n-hexane, isooctane (SupraSolv; Merck), elution mixture n-hexane – acetone; sulphuric acid 96 %
(Suprapur Merck); anhydrous sodium sulphate, analytical
grade, annealed in a muffle furnace at 650°C for 4 h;
Florisil, 60/100 mesh, cleaned and annealed at 600°C,
aluminium oxide, chromatography grade, cleaned and
annealed at 400°C (before use, the sorbents were activated in a hot-air drier at 130°C; SPE with C18 and Florisil;
standard PCB congener mixture in isooctane with a concentration of 10 µg of each congener per 1 ml (Promochem, Germany), standard PCB congener mixture in nhexane with a concentration of 100 µg of each congener
per 1 ml (J.T.Baker, Holland). Analytical standards for
PCBs (congeners No. 28, 52, 101, 118, 138, 153, 180)
were obtained from Dr. Ehrenstorfer (Germany). The
concentration of PCBs in the working solution (test mixture) was 0.2 µg/ml.
Preanalytical procedures

PCBs were separated by fivefold extraction (50g dry
plant material) with 70 ml n-hexane-acetone (94+6) mixture under intensive shaking for 20 minutes. Pooled extracts
were concentrated to the volume of 10 ml and then cleaned
by acid hydrolysis with conc. sulfuric acid (96–98 %) at the
ratio 10+1. Organic extract was quantitatively transferred
in to vacuum rotary evaporator, evaporated to dryness and
redissolved in 1 ml of n-hexane. this solution was cleaned
by SPE in columns with C18 and Florisil packing.
Analytical methods

PCBs were identified and quantified by HRGC/ECD
using two different packings to confirm the result; columns
HP 5 and HP 17 (length 60 m, 0.25 mm i.d.) film thickness
0.2 µm “hot needle” technique. Carrier gas: helium-linear
speed 16.5 cm/s; temperature program 40°C for 5 min
followed by increase at 30°C to 180°C and at 2°C/min to
280°C and 280 °C for 10 min; detector 63Ni ECD, temperature 300°C. Quantitative assessment was carried out using
the external standard method (absolute calibration) within
the linear range of the detector. Working characteristics:
detection limits for all PCB congeners were 1 ng/kg, relative
standard deviations (%) were PCB 28 (15), PCB 52 (22),
PCB 101 (18), PCB 118 (15), PCB 138 (20), PCB 153 (20)
ad PCB 180 (15).
The estimate of the detection limits was defined as a
treble value of RSD for concentration approaching zero.
RSD for the concentration 0.05 µg/ml was lower than 8%
for any of the congeners. Principles of QA/QC and GLP
were adhered to throughout sample processing and analyses.
RESULTS AND DISCUSSION
Unlike animal bioindicators, analyses of most of the
plant indicators are used in ecosystem evaluation studies
rather as a complementary. Nevertheless, they should be
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used within comprehensive evaluations of ecosystem
pollution, because they can yield valuable information on
impacts of ambient air concentrations as well as in extreme situations, such as flood.
Plant species used within our study for the assessment of ecosystem pollution were divided into two
groups. The first one includes typical dump species
(stinging nettle, saltweed, bindweed, grass, corn camomile) and the other, cultured crops (sunflower, rape,
wheat. alfalfa) included in the Czech Republic and also
by EPA among bioindicators.

Table 1 presents concentration ranges for PCBs 28,
52, 101, 118, 138, 153, and 180 found in typical plant
bioindicators. In the sunflower concentrations of PCB 28,
118, 138, 180 were found to be below the limits of detection, while concentrations of PCB 52 and 101 gave evidence rather for secondary contamination from low chlorinated PCBs. Very similar trend was demonstrated in
rape and wheat. In alfalfa the concentrations of PCBs 101
and 118 were below the detection limit and those of the
remaining indicator congeners were rather low. This tendency is in line with results of various monitoring programs of the Ministry of Agriculture and Ministry of
Environment of the Czech Republic.

TABLE 1
Content of PCB indicator congeners in plant bioindicators: cultured plants [µg/kg d.m.] (n = 22).

PCB congeners

28

52

101

118

138

153

180

sunflower

rape

wheat

alfalfa

mean
median

<1
<1

2.9
3.4

1.3
1.5

1.3
1.6

range

x

2.1-5.0

<1-2.1

1.0 –2.1

SD

x

0.4

0.6

0.7

mean

1.5

1.1

1.0

1.3

median

1.6

1.2

1.0

1.2

range

1.0-2.0

1.1-1.5

<1-1.1

1.2-1.4

SD

0.6

0.3

0.2

0.3

mean

1.0

1.0

1.0

<1

median

1.0

1.0

1.0

<1

range

<1-1.2

<1-1.1

<1-1.1

x

SD

0.2

0.1

0.1

x

mean

<1

1.3

<1

<1

median

<1

1.4

<1

<1

range

x

<1-1.9

x

x

SD

x

0.5

x

x

mean

<1

1.1

1.9

3.0

median

<1

1.2

2.0

2.9

range

x

<1-1.2

<1-3.0

1.9-4.2

SD

x

0.3

1.1

1.3

mean

<1

<1

1.7

2.2

median

<1

<1

1.5

2.3

range

x

x

<1 –2.1

2.0-2.6

SD

x

x

0.5

0.4

mean

<1

<1

<1

1.0

median

<1

<1

<1

1.0

range

x

x

x

<1-1.2

SD

x

x

x

0.3

x - not evaluated
SD - standard deviation
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TABLE 2
Content of PCB indicator congeners in plant bioindicators: dump vegetation [µg/kg d.m.] (n = 19).

PCB congeners

28

52

101

118

138

153

180

x

mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
RSD
mean
median
range
SD
mean
median
range
RSD

stinging
nettle
1.9
2.0
1.2 –3.2
1.1
1.5
1.4
1.0-2.2
1.0
<1
<1
x
x
1.0
1.0
<1-1.1
0.1
4.5
4.2
2.2-8.3
1.6
3.4
3.5
1.6-7.2
1.5
2.1
1.9
1.0-3.9
0.8

orache

camomile

grass

bindweed

2.6
2.9
2.1-3.6
0.9
1.0
1.1
<1-1.5
0.3
<1
<1
x
x
<1
<1
x
x
2.9
3.0
2.0-5.2
1.0
3.2
3.3
2.2-7.6
1.9
1.0
1.0
<1-1.4
0.2

2.4
2.6
1.9-3.2
0.6
1.5
1.3
1.1-2.2
0.6
1,0
1,0
<1-1,2
0,1
1,0
1,0
<1-1.2
0.2
2.6
2.7
2.2-3.8
0.6
2.7
2.9
1.9-5.6
1.2
1.6
1.4
1.1-2.2
0.5

2.7
2.5
1.8-3.3
0.8
1.5
1.4
1.2-2.1
0.6
<1
<1
x
x
<1
<1
x
x
4.1
3.9
2.7-7.2
2.1
3.9
3.6
1.8-5.5
0.9
1.5
1.7
1.2-2.4
0.6

2.2
2.1
1.0-3.0
1.0
1.5
1.6
1.0-2.3
0.9
<1
<1
x
x
<1
<1
x
x
2.7
2.8
1.0-5.1
1.3
2.8
2.7
1.0-3.8
0.8
1.0
1.1
<1-1.3
0.2

- not evaluated; SD - standard deviation

The highest individual value of 4 µg/kg was found for
PCB 138 (alfalfa). All concentrations corresponded to
background values established in the Czech Republic
within the program „Assessment of the State of Environment“. Very low concentrations were found in cereals.
The highest value of 3 µg/kg (PCB 138) was demonstrated in a single sample (wheat). Similar concentrations
were also found in samples of sunflower and rape. Mean
value for concentrations in rape was somewhat higher
with the maximum of 5 µg/kg for PCB 28 in one sample.
In this case, the contamination was due rather to the ambient air burden of the respective agrarian ecosystem.
Such contamination could not have originated from
the waste dump of the paint-producing factory, where
higher-chlorinated PCBs were used. Secondary airborne
contamination was more likely in this case.

Higher PCB concentrations were demonstrated in
dump plants of which 5 species were sampled and analyzed. The samples given in Table 2 were collected from
a waste dump of a paint-producing factory. Table 2 shows
that the concentrations of any indicator congeners were
markedly higher in the species typical for the lower level
of the vegetation. The higher concentrations of PCBs 138
and 153 found in grass can be attributed to elution of
intact paints from the dump. The rather high concentration of PCB 28 indicates that secondary contamination
should also be considered. Similar tendencies were observed also in other species of dump vegetation (bindweed,
saltweed, corn, camomile). The highest mean concentrations (for about 8 µg/kg for PCB 138 and 7 µg/kg for PCB
153) were found in stinging nettle – the species which
proved to be very useful also in the assessment of pollution
of agricultural ecosystems due to long-lasting floods.
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TABLE 3
Content of PCB indicator congeners in plants bioindicators: browsing plants [µg/kg d.m.] (n=12).

PCBs congeners
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD
mean
median
range
SD

28

52

101

118

138

153

180

grassland
2.2
2.3
1.5-3
0.7
1.2
1.1
<1-1.6
0.5
1.1
1.0
<1-1.4
0.3
1.9
1.7
1.3-2
0.4
3.2
3.0
1.9-5
0.7
2.4
2.2
1.7-3.2
1.1
1.7
1.6
1.1-2.6
1.0

browsing
plants I
1.4
1.5
1.1-2.1
0.6
1.0
1.2
<1-1.7
0.4
<1
<1
x
x
1.3
1.4
1-1.9
0.6
3.7
3.9
2.2-4.8
0.9
2.3
2.5
1.8-3.1
0.8
1.8
1.6
1.2-2.4
0.9

browsing
plants II
1.7
1.6
1-1.9
0.4
1.2
1.1
<1-1.5
0.4
<1
<1
x
x
1.3
1.3
1.2-1.6
0.2
4.9
4.5
3.7-6.2
1.1
2.7
2.6
1.9-2.9
0.6
1.8
1.7
1.0-2.1
0.6

browsing
plants III
1.9
1.8
1.1-2.3
0.5
1.1
1.0
<1-1.4
0.3
1,0
1,2
x
x
1.4
1.6
1.1-2
0.5
5.2
5.1
3.5-7.4
1.2
2.5
2.7
1.9-3.5
0.9
1.9
1.8
1.1-2.2
0.7

x - not evaluated
SD - standard deviation

3

ug/kg	
  D M

2,5
2
1,5
1
0,5
0

stinging
nettle

PCB 28 mean

orache

camomile

PCB 28 median

grass

PCB 52 mean

bindweed

PCB 52 median

FIGURE 1 - Concentration of low-chlorinated PCBs in dump vegetation.
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In the Table 3, concentrations of PCBs congeners are
given which were found in the browsing plants. These
plants constitute according to the game-keepers main components of a food basket of game animals Results in the
Table III show that contamination of these materials could
be both due to atmospheric deposition and sources from
recultivated and/or illegal dumps located in this region.
Nevertheless it can be stated, that the values are not enormous high compared to other findings which were presented from various regions in the Czech Republic.

The mean and median values for concentrations of
PCB 28 and PCB 52 congeners in dump vegetation bioindicators may be seen on Fig.1. These results could be
probably explained as an evidence for secondary contamination due to existing ambient air levels.
Fig. 2 show mean medians concentrations for PCB
congeners 138 and 153 in dump vegetation bioindicators.
Samples shown on Fig. 2 were collected from a waste
dump that belongs to a paint producing factory. Both PCB
congeners given in Fig. 2 formed a part of paints produced.

5

ug/kg

4
3
2
1
0
stinging

orache

camomile

grass

b ind weed

nettle

PCB 1 3 8 mean

PCB 1 3 8 med ian

PCB 1 5 3 mean

PCB 1 5 3 med ian

FIGURE 2 - Concentration of high-chlorinated PCBs in dump vegetation.

2,5

ug/kg	
  D M

2
1,5
1
0,5
0
grassland

b rowsing p lants Ib rowsing p lants b rowsing p lants
II

PCB 28 mean

PCB 28 median

PCB 52 mean

III

PCB 52 median

FIGURE 3 - Concentration of low-chlorinated PCBs in browsing plants.
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6
5

ug/kg DM

4
3
2
1
0

grassland
PCB 138 mean

browsing plants I browsing plants II browsing plants III
PCB 138 median

PCB 153 mean

PCB 153 median

FIGURE 4 - Concentration of high-chlorinated PCBs in browsing plants.

Fig. 3 shows results for most important lowerchlorinated PCBs (PCB 28 and PCB 52). It may be seen
that higher concentrations were found for both mean and
median values of PCB 28 in all matrices taken into consideration. Among the higher-chlorinated PCBs the congeners PCB 138 and PCB 153 were chosen (see Fig. 4.)
Again it could be seen that no substantial differences
between mean and median values were found.
Our results are difficult to compare with those published abroad, because plant bioindicators have seldom
been analyzed for purposes of comprehensive evaluation.
It must be stressed, however, that they are indispensable
for the assessment of agrarian ecosystems.

7.2 µg/kg; grass: individual value PCB 138 up to 7.2
µg/kg, PCB 153 up to 5.5 µg/kg; bindweed: individual
value PCB 138 up to 5 µg/kg). The concentrations of the
lower - chlorinated PCBs 28 and 53 reached up to 5 µg/kg
and the contamination was probably due to atmospheric
levels.
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CONCLUSION
Several types of plant bioindicators that may provide
valuable information for the assessment of contamination
of agrarian ecosystems by xenobiotics of the PCB type
were tested. For this purpose, dump vegetation and selected cultured species were analyzed. Plant bioindicators
including alfalfa, cereals, oil plants, and dump vegetation
were collected at sites of recultivated or illegal dumps in
an area where paints containing higher-chlorinated PCBs
(Czechoslovak commercial product Delor 106) paints
were manufactured up to 1984. At the same time browsing plants were evaluated. Analyses by HRGC/ECD
demonstrated the presence of indicator congeners except
for PCBs 101 and 118 in all the samples tested. Homogenates of dump vegetation contained especially the congeners 138 and 153 originating without doubt from uncontrolled wastes of PCB-containing paints (stinging nettle:
individual value PCB 138 up to 8.3 µg/kg, PCB 153 up to
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HYDROXYLATED POLYCHLORINATED BIPHENYLS
AS POOR SUBSTRATES BUT GOOD INHIBITORS OF
THE GLUCURONIDATION AND SULFONATION OF
HYDROXYLATED BENZO(A)PYRENE METABOLITES
Margaret O. James and Laura Rowland-Faux
Department of Medicinal Chemistry, College of Pharmacy, University of Florida, Gainesville, FL 32610-0485, USA

SUMMARY

INTRODUCTION

Hydroxylated polychlorinated biphenyls (OH-PCBs)
have been found in fat and blood samples of several top
predators, including humans. OH-PCBs are expected to
be substrates for the phase II conjugating enzymes, UDPglucuronosyltransferase (UGT) and PAPS-sulfotransferase (SULT), thus their interaction with these enzymes
is of interest. Some OH-PCBs have been shown to inhibit
the sulfonation of thyroxine and estradiol by rat and human SULT enzymes and of a phenolic metabolite of the
polycyclic aromatic hydrocarbon (PAH), benzo(a)pyrene
(BaP) by channel catfish intestinal SULT. It was also
shown that OH-PCBs inhibited glucuronidation of 3-OHBaP in catfish intestine. This may be of toxicological
importance, since PAHs, many of which can be metabolically activated to carcinogens if not detoxified, often coexist with PCBs in environmental samples. Both PCBs
and PAHs are taken up primarily through the diet, and are
subject to biotransformation in the intestine as well as the
liver. The ease of conjugation of OH-PCBs is not well
documented in mammalian species, and has not been
studied in fish species. This paper summarizes some recent studies of a small group of OH-PCBs as substrates of
channel catfish intestinal UGT and SULT, and reports the
inhibition of (-)-BaP-7,8-dihydrodiol glucuronidation by
4’-OH-CB-72. The OH-PCBs studied as substrates were
metabolites of 3,3’,4,4’-tetrachloro-biphenyl (CB-77), and
were shown to be much more slowly metabolized in catfish
intestine than 3-OH-BaP, especially at low concentrations.

KEYWORDS: Hydroxylated PCBs, Glucuronidation and sulfonation of hydroxy-PCBs, Inhibition of glucuronidation, (-)-benzo(a)
pyrene-7,8-dihydrodiol channel catfish intestine.

Hydroxylated metabolites of PCBs are potentially
toxic and are produced by the action of cytochrome P450
on the parent PCB [1]. It may be expected that hydroxylated PCBs (OH-PCBs) will be conjugated by sulfonation or glucuronidation and excreted in bile or urine. It
appears, however, that some OH-PCBs are quite slowly
eliminated from the body, especially those that bind to the
thyroid hormone transporting protein, transthyretin [2-5].
Several recent papers have reported finding unconjugated
OH-PCBs in blood from humans exposed to PCBs
through the diet [6-8]. The OH-PCBs may be formed
from ingested PCBs by the action of cytochrome P450, or
may possibly be absorbed from food such as fish environmentally exposed to PCBs. Although direct absorption
of OH-PCBs has not been demonstrated, OH-PCBs are
only slightly less lipophilic than the parent PCBs, and
would be expected to be absorbed from the gastrointestinal tract [1]. Studies of the bioavailability and biotransformation of 3,3’,4,4’-tetrachlorobiphenyl (CB-77) in an
in situ preparation of channel catfish intestine showed that
small amounts of hydroxylated metabolites were formed
in the catfish intestine and transferred to blood [9]. Another possible explanation for finding unconjugated OHPCBs in blood may be that some OH-PCBs are relatively
poor substrates for UDP-glucuronosyltransferase (UGT)
and PAPS-sulfotransferase (SULT) and are thus not excreted efficiently. There is little information on the conjugation of OH-PCBs in either intestine or liver.
Related to the interaction of OH-PCBs as substrates
of UGT and SULT is the possibility that the OH-PCBs
may inhibit one or more isozymes of each of these conjugating enzymes. It was reported that several OH-PCBs
were potent inhibitors of human estrogen SULT [10] and
rat thyroid hormone SULT [11, 12]. Since PCBs and
PAHs are often found together in the environment, it was
of interest to determine if OH-PCBs would inhibit the
conjugation of hydroxylated metabolites of PAHs, some
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of which may be further metabolized to highly reactive
carcinogens. For example, the proximate carcinogen, (-)BaP-7,8-dihydrodiol may be detoxified by glucuronidation,
or may be further metabolized by CYP1A to (+)-anti-BaP7,8-dihydrodiol-9,10-oxide, an ultimate carcinogen [13].
Inhibition of the glucuronidation of (-)-BaP-7,8-dihydrodiol in an animal could result in greater metabolism to (+)anti-BaP-7,8-dihydrodiol-9,10-oxide, and lead to greater
potential for DNA damage to that animal from BaP exposure. There is also evidence that 3-OH-BaP may be further
metabolized by cytochrome P450 to reactive metabolites,
such as 3-OH-BaP-7,8-dihydrodiol-9,10-oxide [14]. Inhibition of 3-OH-BaP conjugation by OH-PCBs could lead to
mono-oxygenation to this reactive metabolite. Previous
studies showed that several hydroxylated metabolites of
CB-77 and related OH-PCBs inhibited the sulfonation and
glucuronidation of 3-OH-BaP in the channel catfish intestine [15]. 4’-OH-CB72 was a potent inhibitor of the glucuronidation of 3-OH-BaP in the channel catfish intestine,
with IC50 of 3.2 µM. In the present paper, the effect of 4’OH-CB72 on (-)-BaP-7,8-dihydrodiol glucuronidation in
channel catfish intestine was investigated, as was the glucuronidation and sulfonation of several hydroxylated metabolites of CB-77 and of 4’-OH-CB72.
MATERIALS AND METHODS
Chemicals. 2-Hydroxy-CB-77, 5-hydroxy-CB-77, 6hydroxy-CB-77 and 4’hydroxy-CB-79 were a generous gift
of Drs. H-J. Lehmler and L.W. Robertson and synthesized
as described previously [16]. 4’-Hydroxy-CB72 was purchased from Accustandard, New Haven, CT. (-)-Benzo(a)
pyrene-7,8-dihydrodiol was obtained from the National
Cancer Institute Chemical Carcinogen Repository. 14C-UDPglucuronic acid (UDPGA) and 35S-3’-phosphoadenosine 5’phosphosulfate (PAPS) were purchased from NEN Life
Science Products, Boston, MA and mixed with unlabeled UDPGA or PAPS as necessary. All other chemicals were purchased from Sigma Chemical Company, St.
Louis, MO.
Animals. Channel catfish, body weight 1000-1500 g,
were obtained from a local aquaculture farm and fed with
a semi-purified laboratory diet for at least two weeks prior
to use. Microsomes and cytosol fraction were prepared
from catfish proximal intestinal mucosa as described
previously [17].
Glucuronidation and sulfonation of OH-PCBs. The ionpair extraction method of Varin et al [18] was used as
modified previously [19]. A methanol solution of the OHPCB was added to each assay tube, in amounts that would
give final concentrations of 5 µM, or other concentrations
as needed, and the methanol evaporated under nitrogen.
For assay of glucuronidation, a mixture of microsomes
treated with Brij-58 at a ratio of 1 mg microsomes per
0.5 mg Brij-58 was added (0.1 to 0.2 mg microsomal

protein per tube) together with 0.1M Tris-Cl pH 7.6, 5 mM
MgCl2 and 200 µM 14C-UDPGA in a final volume of
0.1 ml. Each tube contained 0.4 µCi 14C. The ratio of
Brij-58 to microsomes was shown experimentally to be
optimal for the catfish intestinal microsomes. For assays
of sulfonation, 0.4% bovine serum albumin, 0.05 M TrisCl, pH 7.0, 20 µM 35S-PAPS and 300 µg cytosol were
added to tubes in a final volume of 0.1 ml. Each tube
contained 2 µCi 35S. For both assays tubes were incubated
at 35 °C for 40 min, then the reaction was terminated by
addition of 0.05 ml 2.5% acetic acid, 0.05 ml 0.05 M
tetrabutylammonium sulfate, 0.3 ml water and 2 ml ethyl
acetate, with vortex-mixing. After centrifugation to separate the phases, the ethyl acetate fractions were removed.
Each extraction was repeated with 1 ml ethyl acetate.
Portions of each pooled ethyl acetate extract, containing
the ion-pair complex of the PCB-O-glucuronide or PCBO-sulfonate, were counted for radioactivity.
Glucuronidation of (-)-benzo(a)pyrene-7,8-dihydrodiol.

An HPLC assay was used to investigate the inhibition of
7- or 8-glucuronidation of BaP-7,8-dihydrodiol by 4’-OHCB-72. Assay tubes contained (-)-BaP-7,8-dihydrodiol,
80 µM, 0.1M Tris-Cl pH 7.6, 5 mM MgCl2, 200 µM
UDP-glucuronic acid and microsomes treated with detergent as above, 100 µg. Different concentrations of a
DMSO solution of 4’OH-CB-72 were added such no
more than 2% DMSO was present in the total assay volume of 0.1 ml. Tubes were incubated for 30 min at 35 °C,
then the reaction was terminated by addition of 0.1 ml
methanol containing 1 mM p-hydroxybiphenyl as internal
standard. After removal of the precipitated protein by
centrifugation, an aliquot of the supernatant was analyzed
by reverse-phase HPLC at 26 °C. The stationary phase
was a 25 cm x 4.6 mm C18 reverse-phase column with C18
pre-column (Discovery system, Supelco, Bellefonte, PA).
The starting mobile phase of 0.005 M tetrabuylammonium sulfate in 60% methanol was used at a flow rate of 0.8
ml/min for 21 min, then the concentration of methanol
was increased to 70% over 12 min and held at 70% for a
further 10 min. The eluent was passed through a fluorescence detector set at excitation 320 nm, emission 420 nm.
Under these conditions the internal standard eluted at
15.8 min, the 7,8-dihydro-8-hydroxy-benzo(a)pyrene-7glucuronide conjugate at 22.0 min, the 7,8-dihydro-7hydroxy-benzo(a)pyrene-8-glucuronide at 24.4 min and the
unchanged (-)-benzo(a)pyrene-7,8-dihydrodiol at 34.1 min.
Peaks were identified as described in a separate publication (James and Faux, in preparation). Product formation
was monitored by comparing the peak area ratios for each
glucuronide with that of the internal standard.
RESULTS
The glucuronidation and sulfonation of OH-PCBs in
intestinal preparations were shown to proceed quite slowly
at the tested substrate concentration of 5 µM (Table 1), es-
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TABLE 1
Conjugation of hydroxylated PCBs by catfish intestinal microsomes (UGT) or cytosol (SULT).

Compound

Rate at 5 µM substrate concentration,
pmole/min.mg proteina
UGT
SULT

2-OH-CB-77
4’-OH-CB79
5-OH-CB77
6-OH-CB-77
4’-OH-CB72

13.5 ± 2.5 (3)
8.1 ± 2.9 (3)
4.6 ± 1.6 (4)
2.1 ± 0.3 (3)
12.6 ± 3.6 (3)
9.9 ± 3.5 (3)
12.3 ± 0.3 (3)
Rate at 1 µM substrate concentrationb
Pmol/min.mg protein
390 ± 130 (6)
1270 ± 490 (6)

3-OH-BaP
a

Values are mean ± S.D. (n). b Data taken from James et al. [17]

-1

nmole.min .mg prot

1/V

-1

pecially when compared with the rates of conjugation of
1 µM 3-hydroxybenzo(a)pyrene. When assayed at concentrations of 1 µM, rates of glucuronidation of 2-OHCB-77, 6-OH-CB-77 and 4’OH-CB-79 were one quarter
to one third those shown at 5 µM. Preliminary studies
showed that the apparent Km values for UGT with these
substrates were between 30 and 60 µM, with rates increasing up to substrate concentrations of 300 µM (data not
shown). 4’-OH-CB72 was also slowly glucuronidated and
studies showed that the Km with this substrate was 162 ±
54 µM (mean ± S.D.) in intestinal microsomes from three
separate fish and Vmax was 414 ± 131 pmole.min-1.mg
protein-1. A Lineweaver-Burke plot from one of the
three fish is shown in Fig 1.

-25

50

TABLE 2 - IC50 values, µM, for inhibition of (-)-BaP7,8-dihydrodiol glucuronidation by 4'-OH-CB72.

Fish
treatment

8-hydroxy-BaP-7glucuronide

7-hydroxy-BaP-8glucuronide

Control

16.0 ± 3.2

17.7 ± 4.6

3-MC

22.1 ± 1.0

24.9 ± 2.9

Values shown are mean ± S.D., n=4.

It was shown that 4’-OH-CB-72 inhibited glucuronidation of benzo(a)pyrene-7,8-dihydrodiol at both the 7and 8 positions, with similar IC50 values for each position
of glucuronidation (Table 2). Microsomes from control
fish were somewhat more sensitive to inhibition than
microsomes from 3-MC-induced fish, but although the
difference was statistically significant, the magnitude of
the difference was not great.

40
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20
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25
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100

-1

1/[4'OH-CB72], mM

FIGURE 1
Lineweaver-Burke plot for glucuronidation of 4’OH-CB72 by channel catfish intestinal microsomes. Substrate concentrations ranged
from 5 to 150 µM. The calculated Km was 0.147 mM and Vmax was
388 pmole/ min/ mg protein. This experiment was repeated with two
other samples of catfish intestinal microsomes, with similar results.

There is little information in the literature about the
conjugation of OH-PCBs. The OH-PCBs are of toxicological importance as hormonally active agents [11, 20, 21].
The ability of fish to conjugate OH-PCBs is of interest, as
fish are useful as vectors for transfer of lipophilic environmental chemicals to humans. The role of fish in transferring parent PCBs to humans is well documented, in
that there is a strong correlation between blood levels of
PCBs and consumption of fish from contaminated areas
[8]. It is also quite possible, but has not yet been demonstrated, that metabolites of PCBs can be absorbed from
food, especially if they retain lipophilic character, as is
the case with OH-PCBs. Metabolites of PAHs, which are
similar in lipophilicity to PCBs, are known to be absorbed
across the intestine. For example, benzo(a)pyrene-7,8dihydrodiol was more readily absorbed from the catfish
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intestine into blood than benzo(a)pyrene [22, 23]. Glucuronide and sulfonate conjugates of 3-hydroxy-benzo(a)
pyrene formed in catfish intestine were absorbed into the
blood [24]. The present study showed that hydroxylated
metabolites of CB-77 were relatively poor substrates for
glucuronidation and sulfonation in the channel catfish intestine at 5 µM substrate concentrations (Table 1), as was
4’-OH-CB72. This was in comparison with 3-hydroxybenzo(a)pyrene, which was readily glucuronidated and
sulfonated at rates that were over thirty-fold higher. Glucuronidation of the OH-PCBs at 1 µM, a more environmentally relevant concentration, proceeded at even slower
rates. Preliminary studies showed that for three of the
OH-PCBs, the Km for glucuronidation was between 30 and
60 µM, with maximal rates not achieved until concentrations of over 300 µM were present. The Km for glucuronidation of 4’OH-CB72 was 162 µM, well out of the environmental range. Thus it is likely that at the levels encountered from environmental exposure to PCBs or OHPCBs, slow conjugation may contribute to the persistence
of certain OH-PCBs in blood of exposed animals and
people, as glucuronide and sulfonate conjugates have
more favorable properties for excretion in bile or urine
than unconjugated phenolic compounds.

ACKNOWLEDGEMENTS
The authors thank Vinodh Jeevanantham and Ran
Zheng for technical assistance. This work was supported
by grant ES-07375 from the United States Public Health
Service, National Institute of Environmental Health
Sciences.

Another important property of the OH-PCBs is their
ability to inhibit UGT and SULT. This study showed that
as well as inhibiting the conjugation of 3-hydroxybenzo(a)pyrene, as reported previously [15], 4’OH-CB-72
inhibited the intestinal glucuronidation of the proximate
carcinogen, (-)-benzo(a)pyrene-7,8-dihydrodiol, though
with lower potency. The IC50 values for inhibition of 7- or
8- glucuronidation of (-)-benzo(a)pyrene-7,8-dihydrodiol
by 4’-OH-CB-72 were close to 20 µM, whereas this OHPCB inhibited the glucuronidation of 3-hydroxy-benzo(a)
pyrene with an IC50 of 3.2 ± 0.4 µM [15]. At a concentration of 5 µM, the 4’OH-CB-72 inhibited the glucuronidation of (-)-benzo(a)pyrene-7,8-dihydrodiol by about 20%.
Previous studies had shown that (-)-benzo(a)pyrene-7,8dihydrodiol was not readily sulfonated in the catfish [25].
Since PCBs and PAHs such as benzo(a)pyrene are often
present together in the environment and in environmentally exposed fish, there are toxicological implications for
the inhibition of the major pathway of detoxication of the
proximate carcinogen, (-)-benzo(a)pyrene-7,8-dihydrodiol. In the fish, inhibition of glucuronidation could lead
to increased levels of the unconjugated (-)-benzo(a)pyrene-7,8-dihydrodiol present in edible tissues, or to
increased formation of the highly reactive (+)-benzo(a)
pyrene-7,8-dihydrodiol-9,10-epoxide, which could then
bind DNA and initiate carcinogenesis. In people ingesting
the fish, the presence of both (-)-benzo(a)pyrene-7,8dihydrodiol and OH-PCBs that inhibit its detoxication
could be risk factors for adverse health effects.
In summary, this work has demonstrated the slow
conjugation of selected OH-PCBs in fish and the ability
of some OH-PCBs to inhibit the glucuronidation of potentially toxic PAH metabolites.
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INHIBITION OF APOPTOSIS IN RAT HEPATOCYTES
TREATED WITH ‚NON-DIOXINLIKE‘ PCBs
Stefan Bohnenberger, Barbara Wagner, Hans-Joachim Schmitz, and Dieter Schrenk
Department of Food Chemistry and Environmental Toxicology, University of Kaiserslautern, D-67663 Kaiserslautern, Germany.

SUMMARY
The tumour-promoting effects of polychlorinated biphenyls (PCBs) have been studied in rodents for a number
of congeners including both 'dioxin-like' and 'non-dioxinlike' compounds. Many of the latter congeners are inducers of cytochrome P450 (CYP) 2B1 and 2B2 similar to
the liver tumour promoter phenobarbital. In contrast,
'dioxinlike' PCB congeners induce CYP1A isozymes, and
other congeners have been classified as 'mixed-type' inducers. Inhibition of apoptosis of preneoplastic hepatocytes is thought to play a central role in tumour promotion
in rat liver. We have used the inhibition of UV-induced
apoptosis in rat hepatocytes in primary culture as an in
vitro model for mechanistic studies on the inhibition of
apoptosis. It could be shown that phenobarbital and the
'non-dioxin-like' PCB congeners 28, 101, and 187 completely inhibit UV-induced apoptosis. The concentrationresponse-curves and EC50 -values for this effect, however,
apparently were different from those of induction of
CYP2B1/2B2-catalysed 7-pentoxyresorufine O-dealkylase (PROD) or CYP1A-catalysed 7-ethoxyresorufine Odeethylase (EROD) activities. The PCB congeners and
phenobarbital did not affect the spontaneous incidence of
apoptotic nuclei. In conclusion, 'non-dioxinlike' PCB
congeners are likely to promote liver carcinogenesis via
the suppression of apoptosis. The signaling events in rat
hepatocytes leading to induction of 2B1/2B2 activity by
the compounds investigated may differ from those leading
to inhibition of apoptosis.

KEYWORDS:
Apoptosis; cytochrome P450; polychlorinated biphenyls, nondioxin-like‘; rat hepatocytes; tumour promotion

ABBREVIATIONS
AhR, aryl hydrocarbon receptor; ARNT, aryl hydrocarbon receptor nuclear translocator; CAR, constitutive
androstan receptor; CYP, cytochrome P450; EROD, 7-eth-

oxyresorufin O-deethylase; DMEM, Dulbecco's modi-fied
Eagle's medium; hsp 90, heat-shock protein 90; PCBs,
polychlorinated biphenyls; PBREM, phenobarbitalresponsive enhancer module; PROD, 7-pentoxy-resorufin
O-dealkylase; RXR, retinoid X receptor; TCDD, 2,3,7,8tetrachlordibenzo-p-dioxin; TEFs, toxicity equivalency
factors.
INTRODUCTION
In rodent experimental models, a variety of PCB congeners as well as technical PCB mixtures lead to tumour
promotion in the liver [1-6]. In a study of workers exposed to PCB mixtures a significant increase in liver
cancer was observed [7].
For practical classification, PCB congeners are classified as ,dioxinlike’ and ,non-dioxin-like’ congeners [6].
This principle is based on the fact that a number of PCB
congeners exert biological effects similar to those of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), the most
toxic dioxin congener. In particular, 'dioxin-like' PCBs
bind to the dioxin or aryl hydrocarbon receptor (AhR) and
lead to characteristic effects on the expression (Fig. 1) of
AhR-regulated genes including cytochrome P450
(CYP)1A1 [6]. In contrast, a number of ,non-dioxinlike’
PCB congeners are inactive or almost inactive as AhRagonists, but induce a battery of drug-metabolizing enzymes including CYP2B1/2B2 known as phenobarbitalinducible genes [6, 8]. This pathway includes the constitutive androstan receptor CAR which, upon activation,
forms a heterodimer with the retinoid X receptor (RXR).
The active complex binds to an enhancer module in the
5’-flanking region of responsive genes leading to their
enhanced transcription (Fig. 2).
The PCB congeners activating this pathway sometimes are categorized as ,phenobarbital-like’ inducers. It
has to be kept in mind, however, that these compounds do
not share many other major pharmacological or toxicological properties with the hypnotic drug phenobarbital.
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FIGURE 1 - Activation of gene expression via the arylhydrocarbon receptor (AhR).
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FIGURE 2 - Activation of gene expression via the constitutive androstan receptor (CAR).
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In addition, inducing properties concerning drugmetabolizing enzymes have not been investigated for a
number of other PCBs. A variety of PCB congeners induce both CYP 2B1/2B2 and 1A isozymes in rat liver,
and, therefore, have been categorized as 'mixed-type'
inducers [8].
A common feature of TCDD, phenobarbital, and a
number of PCB congeners is their tumour-promoting potency in rat liver, when the animals have been treated previously with a genotoxic (initiating) carcinogen [5, 9-11]. It
is assumed that the subsequent treatment with a tumourpromoting agent facilitates the clonal expansion of cells
bearing a critical damage in their genome. This clonal
expansion raises the risk of malignant transformation of
genetically altered cells eventually resulting in the development of malignant tumours. A number of mechanisms
have been proposed to explain the supportive effect of
tumour promoters on the growth of preneoplastic cells [12].
According to a current hypothesis the inhibition of apoptosis, intrinsically enhanced in preneoplastic clones, may
play a central role in the mechanism of tumour promotion [13]. In fact, inhibition of apoptosis in preneoplastic
enzyme-altered foci has been demonstrated for the liver
tumour promoters phenobarbital, TCDD, and others [1315]. In the case of tumour-promoting PCB congeners, no
data on the effect on apoptosis in preneoplastic rat liver
are available. In rat hepatocytes in primary culture and in
rat hepatoma cell lines, anti-apoptotic effects were described for phenobarbital, tumour-promoting peroxisome
proliferators, and TCDD [16-19].
This study was designed to investigate a possible relationship between 'phenobarbital-type' induction of CYP
isozymes/activities, and the effects on UV-initiated apoptosis in rat hepatocytes after treatment with phenobarbital
and certain ,non-dioxinlike’ PCB congeners.

MATERIALS AND METHODS
Chemicals: Bovine serum albumin, collagenase type IV,
and phenobarbital were from Sigma (Taufkirchen, Germany), Dulbecco’s modified Eagles’s medium (DMEM)
from Seromed (Berlin, Germany), and Waymouth’s medium MD 705/1 and fetal calf serum from Gibco BRL
(Heidelberg, Germany), ITS and ITS+ from Becton Dickinson (Heidelberg, Germany), and the PCB congeners
IUPAC number 28 (2,4,4’-trichlorobiphenyl), 101 (2,2’,4,
5,5’-pentachlorobiphenyl), and 187 (2,2’,3,4’,5,5’,6-heptachlorobiphenyl) from Promochem (Wesel, Germany). All
other chemicals were purchased at the highest purity
commercially available.
Hepatocytes and Cell Culture: Male Wistar rats were
obtained from Charles River (Kisslegg, Germany) and
were kept under standard conditions. Adult animals at a
body weight of 150-180 g were anesthetized, and hepato-

cytes were isolated as described [20] using a modification
of the sequential perfusion technique originally described
by Seglen [21]. The cells were cultured using the collagen
sandwich procedure [22]. For the preparation of collagen,
collagen-rich fibers were isolated from eight rat tails and
dissolved in 800 ml 3% acetic acid at 4 0C. Insoluble material was removed by centrifugation at 2,300 g and 4 0C for
90 min. Then, 1/5 volume of 30% NaCl solution was
added to the supernatant, and the precipitated collagen was
collected by centrifugation at 2,300 g and 4 0C for 30 min.
The pellet was resuspended in 175 ml 5% NaCl solution
and centrifuged at 2,300 g and 4 0C for 30 min. The pellet
was dissolved in 25 ml 0.6% acetic acid, and was filled up
to a total volume of 400 ml by adding 0.6% acetic acid.
After a 48-h dialysis against 1 mM HCl the collagen solution was lyophilized. Prior to use, 1.5 mg collagen was
dissolved in 1 ml of 1 mM HCl to obtain a stock solution.
This solution was diluted with nine volumes of l0x DMEM,
the culture dishes were coated with 700 ml of the dilution
and then kept in a tissue culture incubator for 1 h at 37 0C.
After hardening of the gel the cells were seeded and incubated as described [17]. The cells were covered with 500 ml
collagen solution in 10x DMEM 1 h before treatment.
Induction of cytochromes P450: Hepatocytes were seeded
at a density of 100,000/cm2 on collagen-coated 60 mm Petri
dishes and were incubated as described [17]. After 3 h the
cells were covered with 700 ml of collagen dilution in l0x
DMEM. Twelve h after seeding PCBs dissolved in DMSO
and phenobarbital dissolved in sterile saline (0.9% NaCl)
were added. The added volume of DMSO did not exceed
0.5% of the total volume per dish. Controls were treated
with DMSO or saline only. The cultures were washed,
harvested, and homogenized 48 h after addition of the
inducers. Then 7-ethoxyresorufine O-deethylase (EROD)
and 7-pentoxyresorufine O-dealkylase (PROD) activities
were analyzed using the method of Burke and Mayer [23].
Inhibition of apoptosis: Hepatocytes were seeded at a
density of 60,000/cm2 on Quadriperm dishes (Heraeus,
Frankfurt) with an area of 20 mm2. After 12 h the medium
was replaced by a fresh one, and after 15 h the cells were
treated with UV light as described [17]. Treatment with
phenobarbital or PCBs was performed 30 min after irradiation. For the counting of apoptotic nuclei, the cells were
fixed, washed, and air-dried 12 h after treatment with the
tumour promoters as described [20], and stained with an
aqueous 8 mM solution of 4’,6-diamidino-2-phenylindole
(DAPI) and 10 mM sulphorhodamine 101. The microscopic analysis of the encoded slides was carried out
using a Zeiss (Jena, Germany) fluorescence microscope
(Axioskop) equipped with a BP 450-490 excitation filter
and a LP 520 emission filter. The slides were stored at 4
0
C protected from light. All experiments were carried out
in double, and 3 x 1,000 nuclei were examined on each
slide. Condensed, half moon-shaped, and scattered nuclei
were summarized as apoptotic nuclei as described earlier
[17].
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Statistical analysis: Means and standard deviations
were calculated from independent experiments. For (multiple) comparisons of means of the treated cultures with
untreated controls Dunnett’s test for independent samples
was used.

RESULTS
In rat hepatocytes cultured between two layers of collagen (,sandwich culture’) UV pulse-irradiation at a specific intensity of 90 J/m2 almost doubled the number of
apoptotic nuclei after 12 h. After 6 or 18 h the numbers of
apoptotic nuclei were significantly lower (data not
shown). Therefore, the number of apoptoic nuclei was
determined 12 h after UV treatment in all subsequent
experiments. With a dose of 120 J/m2 less apoptotic nuclei
were detected, while no significant increase in apoptosis
was observed 12 h after treatment with 150 J/m2 . This dose
resulted in massive acute cell death (not shown), which
probably prevented the onset of the apoptotic pathways.
The liver tumour promoter phenobarbital, which was previously reported to suppress UV-induced apoptosis in rat
hepatocytes [17], was used as a reference compound. Addition of 2 mM phenobarbital 30 min after UV irradiation
completely suppressed the increase in apoptosis. For further experiments with the PCBs 28, 101, and 187 standard
conditions were used (single UV irradiation with 90 J/m2,
determination of apoptotic nuclei after 12 h). It was found
that phenobarbital and the three tested PCBs inhibited the
increase in apoptosis in a concentration-dependent manner.
This effect reached a level of at least 90% inhibition of
additional, UV-induced apoptosis with phenobarbital at
10-7 M, PCB 28 at 10-9 M, PCB 101 at 10-7 M, and
PCB 187 at 10-6 M, i.e, the range of ,spontaneous’ apoptosis found without UV irradiation was achieved.
All PCBs tested as well as phenobarbital led to a concentration-dependent induction of CYP 2B1/2B2catalysed 7-pentoxyresorufine O-dealkylase (PROD) activity in cell homogenates. Phenobarbital and the PCBs 101
and 187 exhibited a maximum efficacy in the range of 19 30 pmol/min x mg protein whereas treatment with PCB 28

resulted in a maximum level between 10 and 15 pmol/min
x mg protein. With phenobarbital a complete induction
curve was obtained for the CYP1A-catalyzed 7ethoxyresorufin O-deethylase (EROD) activity, whereas
the PCBs were inactive as EROD inducers. Fitting of a
sigmoidal dose-response function (not shown) to the experimental data using a log-probit procedure allowed the
calculation of EC50-values (95% confidence intervals;
Table 1). With respect to PROD induction, phenobarbital
was about tenfold less potent than PCB 28. The inducing
potencies of the PCBs as inducers of PROD followed the
rank order PCB 187>PCB28>PCB101.
DISCUSSION AND CONCLUSION
The tumour-promoting potency of PCBs and related
environmental pollutants represents an important parameter
in risk assessment of this group of chemicals. A variety of
PCBs are members of the large and structurally diverse
group of tumour-promoting agents which support the clonal expansion of preneoplastic cell clones in rat liver, thus
enhancing the risk of malignant transformation [12]. The
molecular mechanism(s) underlying tumour promotion
are poorly understood. A number of hypotheses exist,
however, including the notion that inhibition of apoptosis
intrinsically enhanced in preneoplastic hepatocyte clones
may play an important role [13].
The situation is complicated by the fact that PCBs
can be divided into compounds with a ,dioxin-like’ pattern of biochemical and toxic effects, and those with a
,non-dioxinlike’ mode of action. In many cases, however,
no clear borderline can be drawn between both groups.
The classification of non-ortho-substituted PCB congeners
as ,dioxin-like’ is mainly based on their agonistic potency
as ligands of the Ah or dioxin receptor (AhR) leading to
characteristic molecular and cellular events [1, 6] including
the induction of CYP1A isozymes. Those ,dioxin-like’
PCBs investigated so far act as tumour-promoters in rat
liver [5, 8, 9], thus resembling the most potent agonist
within the family of ,dioxins’, 2,3,7,8-tetrachlorodibenzop-dioxin (TCDD) [10, 24].

TABLE 1 - EC50 values for induction of PROD- and EROD-activities in homogenates from
rat heptocytes in primary culture after treatment with phenobarbital, PCB 28, 101, 138 or 187.

Inducer

PROD induction
EC50 ∀S.D. (M)

EROD induction
EC50 ∀S.D. (M)

Inhibition (90%) of UVinduced apoptosis (M)

Phenobarbital

2.4 x 10-5 ∀ 0.17 x 10-5

1.8 x 10-5 ∀ 1.2 x 10-5

10-7

PCB28

3.3 x 10-6 ∀ 0.34 x 10-6

-

10-9

PCB 101

5.7 x 10-6 ∀ 0.97 x 10-6

-

10-7

PCB187

1.2 x 10-7 ∀ 0.2 x 10-7

-

10-6
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Among the ,non-dioxinlike’ PCBs there are also a
number of congeners acting as tumour promoters in rat
liver [1, 5, 8, 9]. With another promoting agent, phenobarbital, they have in common the induction of a battery
of certain drug-metabolizing enzymes including CYP
2B1/2B2 [6, 8]. The signaling pathway leading to 'phenobarbital-type' induction of CYP2B genes involves the constitutive androstan receptor (CAR) which acts as a transactivator of a distal enhancer in responsive genes, called the
phenobarbital-responsive enhancer module [25].
It was the major aim of the present study to investigate a possible relationship between induction of CYP1A
or 2B1/2B2 activities and the inhibition of apoptosis as a
possible in vitro-surrogate for the tumour-promoting
action of that class of compounds.
It was found that UV light-induced apoptosis in rat
hepatocytes was completely suppressed with phenobarbital
and the three ,non-dioxinlike’ PCBs 28, 101, and 187. A
similar result was obtained in a previous study on rat
hepatocytes using the liver tumour promoter TCDD [17].
With TCDD and the PCBs used in that study,
,spontaneous’ apoptosis could not be inhibited, however,
arguing for two distinct types of apoptosis. One type is
elicited by UV-irradiation and probably initiated by DNA
damage or another type of UV-induced cellular stress.
Previous studies showed that irradiation of hepatocytes
resulted in induction of p53 as a characteristic response to
this type of damage [26]. Interestingly, both TCDD and
phenobarbital could almost completely suppress the UVinduced rise in p53. The other type of apoptosis, occurring ,spontaneously’ in culture is probably more abundant
in vitro than in the liver. This fact may be due to various
types of cellular stress during the procedures of isolation,
plating, and culturing of the cells.
Analysis of PROD activity as a functional parameter
for CYP2B1/2B2 indicates that all PCBs tested are relatively potent inducers of this enzyme(s). In contrast, AhRregulated CYP1A activity (EROD) was almost unchanged
with the exception of phenobarbital.
From in vivo experiments in rats [8] the following
rank order of potency for PROD induction in the liver,
probably modified by toxicokinetic influences, was reported: PCB 101>PCB187>PCB28, which is slightly
different from our in vitro findings where PCB 187 is
found to be about two-fold more potent than PCB 101.
Comparison of EC50-values of PROD induction with 90%
values of inhibition of apoptosis revealed no quantitative
relationship. This result is of interest in several respects.
Firstly, it suggests that measurement of CYP 2B1/2B2
induction as a parameter for an anti-apoptotic potency of
PCBs may be misleading for quantitative comparisons
and secondly, it can be speculated that the signaling

events leading to induction of CYP2B1/2B2 are not directly related to those operative in inhibition of apoptosis.
Systematic investigations on possible links between
the induction of CYP isozymes and liver tumour promotion are rare. With the AhR-agonist TCDD tumour promotion was observed in the livers of female, but not of
male Sprague-Dawley rats in spite of the fact that efficient induction of CYP1A isozymes/activities was evident
in both sexes [27]. On the other hand, there are indications
of a relationship between the relative tumour-promoting
and CYP1A-inducing potencies for the class of 2,3,7,8substituted PCDDs in the liver of female rats [2, 10]. Thus,
it appears likely that AhR agonists may act as liver tumour promoters in a certain experimental model, such as
the female rat, according to their affinity towards the
receptor. For the more diverse family of PCBs and other
tumour promoters in rodent liver, there is some correlation between the induction of drug-metabolizing enzymes
and their promoting potency [5, 28]. Howeve,r this correlation is incomplete and may reflect the existence of several mechanisms in tumour promotion by phenobarbitallike inducers [29]. Alternatively, a common pathway of
induction and tumour promotion may diverge at a certain
level, and both branches may be subject to strong modulating, e.g., by adaptation. An example is the enhanced
formation of peroxides after phenobarbital treatment
leading to an adaptive increase in catalase activity [18].
In conclusion, our results show for the first time that
certain 'non-dioxinlike' PCBs suppress apoptosis in rat
hepatocytes. Furthermore, it is shown that UV-initiated
but not constitutive apoptosis is inhibited and that both
inhibition of apoptosis and 'phenobarbital-type' induction
of cytochrome P450 activity may exhibit distinct concentration-response relationships. Further experiments are
required to identify the mechanisms of action of 'nondioxinlike' PCBs critical for tumour promotion and their
links to the inhibition of apoptosis.
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SUMMARY

INTRODUCTION

Endothelial cell dysfunction is a critical event in the initiation and acceleration of atherosclerotic lesion formation.
There is evidence that exposure to certain aromatic hydrocarbons, such as polychlorinated biphenyls (PCBs), can be
implicated in the development of cardiovascular diseases,
such as atherosclerosis. Our data support the hypothesis
that the atherogenic potential of these aromatic hydrocarbons is at the level of the vascular endothelium. However,
little is known about the mechanisms underlying PCBmediated endothelial cell dysfunction. Our data suggest
that an increase in cellular oxidative stress and an imbalance in antioxidant status are critical events in PCBmediated endothelial cell dysfunction. Furthermore, PCBs,
which are ligands for the aryl hydrocarbon receptor (AhR),
i.e., the more coplanar PCBs, have proinflammatory
properties by inducing redox-sensitive genes critical in
the inflammatory process of atherosclerosis. We also have
demonstrated that specific dietary fats (unsaturated fatty
acids) can further increase endothelial dysfunction induced by selected PCBs, probably by contributing to
oxidative stress and the production of toxic lipid metabolites. A subsequent imbalance in cellular oxidative stress/
antioxidant status can activate oxidative stress- or redoxsensitive transcription factors, which in turn can promote
gene expression for inflammatory cytokines and adhesion
molecules, and thus intensify a PCB-mediated inflammatory response and endothelial cell dysfunction. Our data
also suggest that antioxidant nutrients (such as vitamin E)
can protect against PCB-induced cell damage by interfering with signaling pathways of necrotic and apoptotic
endothelial cell death. We propose that nutrition and, in
particular, dietary fat and antioxidant nutrients can modify
the atherogenic potential as well as cytotoxicity of PCBs.

KEYWORDS: Polychlorinated biphenyls, nutrition, atherosclerosis, endothelial cells, fatty acids, oxidative stress, antioxidants.

Dysfunction of vascular endothelial cells is a critical
underlying cause of the initiation of cardiovascular diseases, such as atherosclerosis. In addition to endothelial
barrier dysfunction, another functional change in atherosclerosis is the activation of the endothelium that is manifested as an increase in inflammatory aspects, such as the
expression of specific cytokines and adhesion molecules.
Certain environmental chemicals, such as PCBs or TCDD
(2,3,7,8-tetrachlorodibenzo-p-dioxin), can cause vascular
endothelial cell dysfunction [1-3] by inducing oxidative
stress via interaction of these compounds with the AhR
and transcriptional activation of the cytochrome P450 1A
subfamily. Induction of CYP1A1 or 1A2 may lead to
oxidative stress as a result of excessive generation of
reactive oxygen species, which can result in an imbalance
in the cellular oxidative stress/antioxidant balance and
thus cause cell injury. Recently, Schlezinger et al. [4]
have demonstrated that PCB 77 can uncouple the catalytic
cycle of P4501A1, resulting in the formation of reactive
oxygen species within the active site. There is strong
evidence that the vascular endothelium may be one of the
major sites of PCB-mediated induction of CYP1A1 [1,2],
and that these enzymes play important roles in determining the metabolic fates of circulating toxic substances.

Transcriptional regulation of metabolic events leading to endothelial cell dysfunction and an inflammatory
response induced by AhR agonists, such as coplanar
PCBs, is not well understood. Our present data indicate
that coplanar PCBs that function as AhR agonists (such as
PCBs 77, 126 and 169), may be proinflammatory and
atherogenic by activating NF-kappaB in vascular endothelial cells. We also provide in vivo evidence using an AhRdeficient mouse model that a functional AhR is critical for
the proinflammatory events mediated by coplanar PCBs.
Most of all, our data demonstrate that the lipid milieu can
influence the cytotoxicity of coplanar PCBs.
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PROINFLAMMATORY PROPERTIES
OF COPLANAR PCBs
There is evidence that exposure to PCBs can contribute to cardiovascular diseases such as atherosclerosis by
promoting vascular endothelial cell dysfunction which
predisposes the endothelium to inflammatory reactions
[reviewed in 5]. However, specific mechanisms by which
coplanar PCBs cause endothelial cell activation and dysfunction and thus contribute to atherosclerosis are still
unclear. We and others have demonstrated that certain
environmental chemicals, such as PCBs, can cause vascular endothelial cell dysfunction [1-3]. We also found that
oxidative stress was induced only by the coplanar PCB 77
and not by the diortho-substituted PCB 153 [2,3]. Presumably, this is due to the interaction of PCB 77 with the
AhR and transcriptional activation of the CYP1A subfamily. We now have evidence that, in addition to PCB 77,
other coplanar PCBs, i.e., PCB 126 and PCB 169, also
can induce oxidative stress in vascular endothelial cells.
Our data suggest that all three coplanar PCBs tested can
induce cellular oxidative stress in a concentrationdependent manner, but that the concentration(s) needed
for the apparent maximal induction of oxidative stress
differs among these coplanar PCBs tested. Interestingly,
PCB 126 exhibited maximal oxidative stress already at
0.5 µM, whereas the other two PCBs required 2.5 µM for
maximal induction of cellular oxidative stress. These results may be explained by the fact that PCB 126 has comparatively the highest binding affinity for the AhR [6,7].
Some aspects of mechanisms by which environmental
chemicals alter endothelial cell metabolism have been
investigated. We have previously shown that PCB 77, a
AhR ligand, but not PCB 153 (not a AhR ligand), significantly disrupted endothelial barrier function [2]. In addition, PCB 77, but not PCB 153, also contributed markedly
to cellular oxidative stress, which was accompanied by
increased activity and content of CYP1A and by a decrease in the vitamin E content in the culture medium.
We demonstrated that PCB 77 can induce a cellular stress
response, which is reflected by the activation of c-Jun Nterminal/stress-activated protein kinases (JNK/SAPK) [8].
In our earlier studies we employed PCB 77 as a model AhR agonist. However, PCB 77 is also known to be a
substrate for the induced CYP1A enzymes [2]. A lingering question was whether the metabolic activation of PCB
77 also played a role in the associated oxidative stress
events. Thus, we extended our study beyond one coplanar
PCB by including a series of coplanar PCBs, i.e., PCBs
77, 126, and 169. With increasing chlorination, the rate of
metabolism would be greatly diminished. Should metabolic activation of PCBs markedly contribute to their
biological effects, we could expect a marked decrease in
proinflammatory properties of these coplanar PCBs relative to an increase in chlorination. However, this was not
the case, and PCBs 126 and 169 were as efficacious as

PCB 77 in disrupting endothelial barrier function, in causing oxidative stress and activation of NF-kappaB, in production of IL-6 and expression of the VCAM-1 gene in
cultured cells [7].
Recent evidence suggests that the AhR agonist
TCDD can activate NF-kappaB and AP-1, and it was
proposed that CYP1A1-dependent and AhR complexdependent oxidative signals are in part responsible for the
observed activation of these transcription factors [9]. We
now also provide in vivo evidence using an AhR-deficient
mouse model that a functional AhR is critical for the
proinflammatory events mediated by coplanar PCBs and
possible other AhR agonists. After a single administration
of PCB 77, VCAM-1 expression was increased only in
wild-type mice, while mice lacking the AhR gene showed
no increased staining for VCAM-1 [7].

PCB TOXICITY, FATTY ACIDS AND
ENDOTHELIAL CELL DYSFUNCTION
Alterations in lipid profile and lipid metabolism as a
result of exposure to PCBs may be important components
of endothelial cell dysfunction. We have shown previously that a single injection of PCB 77 resulted in a marked
change in the fatty acid composition of rat hepatic microsomal fractions [10]. There was a significant increase in
oleic acid (18:1n-9) and a significant decrease in arachidonic acid (20:4n-6). Another specific effect of PCB 77
was an increase of the proportion of linoleic acid (18:2n6) in triglycerides of the liver. Linoleic acid is a precursor
for the synthesis of arachidonic acid, which in turn is an
important precursor for the synthesis of lipid metabolites
called eicosanoids. Matsusue et al. [11] have found that
coplanar PCBs have a significant effect on the reduced
synthesis of physiologically essential long-chain unsaturated fatty acids, such as arachidonic acid in rat liver, by
suppressing delta 5 and delta 6 desaturase activities and
thus allowing the n-6 parent fatty acid, linoleic acid, to
accumulate. Thus, if PCBs decrease arachidonic acid in
endothelial cells, like they do in liver cells, a critical imbalance in prostacyclin metabolism could occur. This
could have implications in understanding atherogenic
mechanisms of PCBs since prostacyclin is a major component of the anticoagulant mechanism within endothelial
cells as it is a potent vasodilator and inhibitor of platelet
adhesion and aggregation. Exposure of endothelial cells
to elevated levels of linoleic acid can result in a significant reduction of the arachidonic acid content of the cellular phospholipids [12, 13]. Interestingly, a reduced release
of prostacyclin from endothelial cells also has been reported when these cells were exposed to linoleic acid, a
fatty acid which is present in high amounts in dietary
unsaturated fats [14]. We have reported a significant disruption in endothelial barrier function when cells were
exposed to linoleic acid. Furthermore, when endothelial
cells were preenriched with linoleic acid (18:2n-6), PCB
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77-induced endothelial barrier dysfunction was markedly
enhanced [3]. Similar, but less dramatic, effects were
observed when endothelial cells were pretreated with
linolenic acid (18:3n-3), the parent omega-3 fatty acid. In
contrast, pretreatment with stearic acid (18:0) or oleic
acid (18:1n-9) did not influence subsequent PCB-induced
endothelial barrier dysfunction. These studies suggest that
environmental contaminants like PCBs are atherogenic in
part by their ability to interact with the endothelial cell
lipid profile, leading to cellular dysfunction. These studies
also demonstrate that cellular exposure to the parent omega-6 fatty acid (linoleic acid) can markedly enhance the
cytotoxicity of certain PCBs.

inflammatory mediators [22]. Furthermore, treatment of
endothelial cells with sulfaphenazole, a specific inhibitor of CYP 2C9, decreased the linoleic acid-mediated
activation of NF-kappaB, decreased oxidative stress and
protected against alterations in cellular glutathione
status [23]. This suggests that the formation of leukotoxins is a critical component of fatty acid-induced endothelial cell activation.

There is evidence that selected fatty acids, and especially omega-6 or n-6 unsaturated fatty acids, derived
from the hydrolysis of triglyceride-rich lipoproteins, may
be atherogenic by causing endothelial injury or dysfunction and subsequent endothelial barrier dysfunction [reviewed in 15]. In support of this hypothesis, we have
shown that saturated fatty acids in general had little effect
on endothelial barrier function. On the other hand, unsaturated fatty acids, and mostly linoleic acid, can markedly
disrupt endothelial barrier function, expressed as an increased transfer of both albumin and low density lipoprotein (LDL) across the endothelium [16-18]. Most interestingly, we found that when comparing fatty acid extracts
derived from different animal fats and plant oils, the fatinduced disruption of endothelial barrier function was
related to the amount of linoleic acid present in the fat
source [19]. Furthermore, our data strongly support the
fact that selected unsaturated fatty acids (e.g., linoleic
acid) and inflammatory cytokines may cross-amplify
vascular endothelial cell activation, an inflammatory
response and atherosclerosis [20].

Our data suggest that environmental contaminants
such as PCBs can potentiate inflammatory cytokinemediated dysfunction of vascular endothelial cells by
disrupting normal cellular oxidative stress/antioxidant
balance. However, little is known about how PCBmediated endothelial cell dysfunction can be prevented or
blocked. There is evidence that the cellular antioxidant
defense, and in particular the cellular level of vitamin E,
is depressed after exposure to PCBs [2, 3, 24]. Primary
functions of vitamin E are to terminate lipid peroxidation
chain reactions generated by free radicals, particularly in
membranes that are rich in polyunsaturated lipids, to
regulate cell proliferation and stabilize cell membranes.
These protective actions of vitamin E could have major
implications in preventing vessel wall injury and atherosclerotic lesion formation [25].

Little is known about the interaction of dietary fats
and PCBs in the pathology of atherosclerosis. We hypothesized that selected dietary lipids may increase the atherogenicity of environmental chemicals, such as PCBs, by
cross-amplifying mechanisms leading to dysfunction of
the vascular endothelium. To investigate this hypothesis,
we treated cultured endothelial cells with linoleic acid,
followed by either one of two PCBs, PCB 77 or PCB 153
[3]. Our results suggest that certain unsaturated fatty acids
can potentiate endothelial cell dysfunction caused by
coplanar PCBs and that oxidative stress and the cytochrome P450 1A subfamily may be, in part, responsible
for these metabolic events.
The synergistic toxicity of linoleic acid and PCBs to
endothelial cells could also be mediated by cytotoxic
epoxide metabolites of linoleic acid called leukotoxins. It
is also possible that other fatty acid oxidation products in
the arachidonate or other series are involved. Moreover,
there is evidence that the critical toxic lipid species are the
result of the bioactivaton of leukotoxins to their diol metabolites by epoxide hydrolases [21]. We have demonstrated that leukotoxins, and especially their diols, can
cause endothelial barrier dysfunction and activation of

ANTIOXIDANT PROTECTION AGAINST
PCB-INDUCED CYTOTOXICITY

We also demonstrated that vitamin E and alphanaphthoflavone (an AhR antagonist and inhibitor of
CYP1A1) can markedly reduce PCB 77-mediated oxidative stress, activation of NF-kappaB and production of
inflammatory cytokines (e.g., IL-6), as well as PCBmediated endothelial barrier dysfunction [26]. Furthermore,
we studied the cellular glutathione redox status as a modulator of the endothelial defense against PCB toxicity [8].
Recently, resveratrol, a phenolic compound with antioxidant properties that is found in grapes and wine, has been
shown in a human breast cancer cell line to inhibit the
transactivation of several dioxin-inducible genes including cytochrome P450 1A1 [27]. Thus, such protective
compounds, which apparently share partial similarity in
chemical structure to Ah receptor antagonist ligands such
as alpha-naphthoflavone, are able to compete with TCDD
for AhR binding and can effectively block induction of
cytochrome P450 1A1. All these studies suggest that
antioxidant-like nutrients/chemicals can downregulate
disease-promoting and cytotoxic mechanisms of specific
environmental contaminants.

CONCLUSIONS
In summary, our data suggest that coplanar PCBs can
be atherogenic by producing an endothelial cell inflammatory response. We provide evidence that this inflam-
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matory response is dependent on a functional AhR and
that induction of CYP1A1 and activation of NF-kappaB
are critical mechanistic mediators. Thus, our findings
suggest that activation of the AhR is an underlying mechanism of endothelial cell stimulation mediated by certain
environmental contaminants and that exposure to coplanar
PCBs, and possibly other AhR agonists, may potentiate
the pathology of cardiovascular diseases. We also have
demonstrated that specific dietary fats (unsaturated n-6
fatty acids) can further increase endothelial cell dysfunction by selected PCBs, probably by contributing to oxidative stress and the production of toxic lipid metabolites.
The fact that vitamin E can block PCB-mediated endothelial cell activation suggests that PCB-mediated cellular
perturbations are linked closely to the overall oxidative/antioxidant status of the vascular endothelium. These
findings suggest that nutrition can modify PCB-mediated
cytotoxicity and that diets high in antioxidant nutrients
may protect against diseases of the vasculature, e.g., cardiovascular disease, which can be triggered by exposure
to specific environmental contaminants.
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EFFECTS OF POLYCHLORINATED BIPHENYL CONTAINING AND - FREE TRANSFORMER FLUIDS
ON TESTICULAR ENZYME ACTIVITIES
Silvana A. Andric, Nebojsa L. Andric, Sonja N. Zoric, Tatjana S. Kostic and Radmila Z. Kovacevic
Department of Biology and Ecology, Faculty of Sciences, University of Novi Sad, Novi Sad, Serbia and Montenegro

SUMMARY
The frequently used polychlorinated biphenyl-based
dielectric fluids have been gradually substituted with
mineral fluids because of their toxic activities observed in
many vertebrate tissues. Here we compared the acute in
vivo effects of Pyralene, an Aroclor 1260-based transformer fluid, with a sample of mineral oil called ENOL C
on the activities of the four rat testicular antioxidant enzymes, superoxide dismutase, glutathione transferase, catalase and glutathione peroxidase, and three steroidogenic
enzymes, 3β-hydroxysteroid dehydrogenase, 17α-hydroxylase/lyase, and 17β-hydroxysteroid dehydrogenase. The
activities of these enzymes were estimated 2 h and 24 h
after bilateral intratesticular (25 µg/testis) injection of
Pyralene and ENOL C. Short-term treatment with these
compounds did not affect any of the enzymes studied.
ENOL C was also ineffective during 24 h exposure,
whereas Pyralene inhibited glutathione transferase and
stimulated catalase and glutathione peroxidase in testicular interstitial cells. This was accompanied with the inhibition of 3β-hydroxysteroid dehydrogenase activity and a
small increase in 17α-hydroxylase/lyase activity. These
results indicate that the 24-h of intratesticular exposure to
Pyralene was sufficient to detect its toxic effects on testicular enzymes, whereas ENOL C was ineffective.

KEYWORDS: PCBs, Pyralene, Aroclor, testicular steroidogenesis,
antioxidant enzymes.

reviewed the data on PCB effects in large number of
steroid hormone systems. These compounds affect gonadal functions by altering steroid hormone production
and metabolism, changing the level of receptor expression, and acting as agonists for specific steroid receptors. Our previous results also demonstrated a strong
inhibition of testicular steroidogenesis 24 h after in vivo
and 10-15 minutes after in vitro exposure to Aroclor
1248 and Aroclor 1260-based transformer fluid (commercial name Pyralene) [2-4].
During altered steroidogenesis, the reactive oxygen
species could be produced through the cytochrome P450
enzymes’ pathway [5]. In other tissue, it is also well documented that PCBs induce oxidative stress, leading to the
accumulation of reactive oxygen species [6]. The aim of
the present study was to investigate local effects of PCBs
on testicular steroidogenesis and therefore the model of
intratesticular injection was chosen to investigate the
mechanism of PCB actions and to avoid the effects of
PCBs on gonadotropin releasing hormone and gonadotropin secretion. We compared the short-term in vivo effects
of Pyralene and ENOL C (a mineral oil-based transformer
fluid) on several steroidogenic and antioxidant enzymes
in testicular tissue. The effects of these two compounds
were analysed at two time points, 2 h and 24 h after
bilateral intra-testicular injection of corresponding substance.

MATERIALS AND METHODS
Chemicals

INTRODUCTION
Polychlorinated biphenyls (PCBs) and hydroxylPCBs belong to the class of environmental endocrine
disrupters, compounds that in humans and mammals
induce alteration of normal endocrine functions, including
gonadal functions. In their recent paper, Cooke et al. [1]

The sample of A1260-based transformer fluid was
obtained from Dr Mirjana Vojinovic-Miloradov (Institute
of Chemistry, Novi Sad, Serbia and Montenegro) under
the commercial name Pyralene. Initial chemical characterization of a sample of Pyralene was done in: Hazardous
Materials Laboratory, Champaign, USA (Dr. J. Cochran),
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Laboratory for Biophysics and Analytical Chemistry,
Zemun, Serbia and Montenegro (Dr. Slobodan Kapor)
and Institute for Health Protection, Novi Sad, Serbia and
Montenegro (Ms. V. Djordjevic-Milic). In all the laboratories sample of Pyralene was identified as an Aroclor
1260-based transformer fluid, technically also known as
askarel. Antitestosterone-11-BSA serum no. 250 and
antiprogesterone-11-BSA serum no. 337 were supplied by
G. D. Niswender (Colorado State University, Fort Collins,
CO). ENOL C was manufactured by the oil rafinery Novi
Sad, Serbia and Montenegro; medium 199 (M199) from
GIBCO Laboratories (Gaithersburg, MD); human chorine
gonadotropin (hCG; Pregnyl, 3000 IU/mg) from Organon
Inc. (West Orange, NJ); [1,2,6,73H(N)]-testosterone and
[1,2,6,73H(N)]-progesterone from New England Nuclear
(Du Pont NEN, Belgium). All other reagents were obtained from Sigma (St Louis, MO).
Animals, treatments, and assays

and glutathione peroxidase (GSH-Px), and a fall in the
activity of glutathione transferase (GST), whereas no
significant differences were observed in testicular activity
of superoxide dismutase, comparing to respective controls
(Fig. 1). On the contrary, ENOL C did not significantly
change the antioxidant enzyme activities, although catalase and GST activities were slightly elevated (Fig. 1).
In parallel to the status of antioxidant enzymes, Pyralene induced a significant fall in serum T+DHT levels and
a strong inhibition of hCG-stimulated androgen production 24 h after application (Fig. 2). This was accompanied
with decreased activity of 3βHSD, a small but significant
increase in P450c17 activity (Fig. 2), and no changes in
17βHSD activity (data not shown). Furthermore, ENOL C
had no effects on testicular steroidogenesis at both time
points (Fig. 3, Tab. 1) and Pyralene was without effect 2 h
after application (Tab. 1).

Male Wistar rats, 90-120 days old, bred in our laboratory and raised under controlled environmental conditions
(temperature 22 ± 2 oC and 14 h light/10 h dark) with food
and water ad libitum were used for experiments. Evaporating the required amount of stock solution and dissolving it
in saline, the desired concentrations of PCB and ENOL C
samples were prepared. Rats were handled daily during a 1week acclimation period prior to experiments. Then they
were treated with bilateral intra-testicular injections of
vehicle (saline), Pyralene (25.5 µg/testis), or ENOL C
(25.5 µg/testis), between 8:00 and 8:30 AM. Experiments
were conducted in accordance with the principles and procedures of the NIH Guide for care and use of laboratory
animals, and the Local Ethical Committee of the Department of Biology and Ecology. Animals were sacrificed by
decapitation 2 h or 24 h after injections, trunk blood was
collected, and serum samples were stored at -20 oC until
analyzed for testosterone + dihydrotestosterone (T+DHT)
content by radioimmunoassay. The procedures for in vitro
hCG-stimulated production of androgens by decapsulated
testes or hemitestis preparation were as previously described [7, 8], as well as characteristic of radioimmunoassay for progesterone and androgens and preparations of
post-mitochondrial testicular fractions [9]. The 3βhydroxy-steroid
dehydrogenase
(3βHSD),
17αhydroxylase/lyase (P450c17), 17β-hydroxysteroid dehydrogenase (17βHSD) activities were estimated as described in Ref. [7, 9]. Characterization of antioxidant
enzyme activities in denucleated fraction of interstitial
cells was done as previously described [10].
RESULTS
Two hours after intra-testicular injection of Pyralene
or ENOL C, no changes in the activity of antioxidant
enzymes in isolated interstitial cells of testes were observed (Table 1). However, 24 h after injections, Pyralene
induced a significant increase in the activities of catalase

FIGURE 1 - Effects of intra-testicular injection of transformer
fluids on antioxidant enzyme activities in isolated interstitial testicular cells. In this and following figures, groups of rats were treated by
bilateral intra-testicular injections (25 µg/testis) of Pyralene or
ENOL C and animals were sacrificed 24 h after injections. The
enzyme activities were measured in denucleated fractions of interstitial cells obtained from individual animals. Columns represent
means ± SEM and the numbers in parenthesis represent number of
replicates. Significance: *p<0.05 vs. corresponding controls.
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FIGURE 2 - Effects of intra-testicular injection of Pyralene on
serum androgen (T+DHT) levels (left upper panel), in vitro hCG
(20 ng/ml)-stimulated androgen production (right upper panel),
the conversion of progesterone to androgens (left bottom panel)
and the conversion of pregnenolone to progesterone (right bottom
panel) in post-mitochondrial testicular fractions. The numbers in
parentheses in left upper panel represent the number of animals
and in other panels the number of testes or testicular postmitochondrial fractions from control and treated rats in one of
two similar experiments.

FIGURE 3 - The lack of effects of intra-testicular injection of ENOL
C on serum androgen (T+DHT) levels (left upper panel), in vitro hCGstimulated androgen production (right upper panel), the conversion of
progesterone to androgens (left bottom panel) and the conversion of
pregnenolone to progesterone (right bottom panel) in postmitochondrial testicular fractions.

TABLE 1 - Absence of the effect of Pyralene and ENOL C on
steroidogenesis and antioxidant enzymes 2 h after intra-testicular application.

Output parameters
Serum T+DHT
(ng/ml)
hCG-stimulated androgen production
(µg/g testis)
Superoxid Dismutase
(U/mg protein)
Catalase
(U/mg protein)
GSH-Px
(nM NADPH/min/mg protein)
GST
(U/mg protein)

Control
4.098±1.11

Pyralene
2.193±0.39

ENOL C
3.816±0.67

2.694±0.29

2.214±0.13

3.151±0.38

17.939±0.63

19.070±0.42

19.468±0.82

3.226±0.32

3.822±0.42

3.986±0.31

9.074±0.79

7.722±0.79

9.953±1.19

552.2±44.50

516.8±20.90

549.9±16.40

Numbers represent means ± SEM of 6 animals for serum testosterone level, 12 hemitestis preparation for hCG
stimulated androgen production, and 6 individual denucleated fractions of testicular interstitial cells for antioxidant enzymes.
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DISCUSSION
Exposure to the external pro-oxidative attacks, for
example to the environmental pollutants, may alter the
balance between activities of different antioxidant enzymes, and consequently, impair the antioxidant defence
system [11]. In testicular tissue, the protection against
peroxidative injury is achieved by elevated levels of antioxidant vitamins [5]. Furthermore, the synergistic action
of several testicular antioxidant enzymes is essential for
controlling the balance of the prooxidant versus antioxidant status [11]. Several lines of evidence also indicate
that the interactions between the testicular antioxidant and
steroidogenic enzyme systems are complex and physiologically relevant. For example, it was suggested that the
free radicals are involved in the control of steroidogenesis
in Leydig cells, corpus luteum, and adrenal cortex [for
references see 10]. Finally, lipid peroxides are capable of
inactivating P450 enzymes [12]. Therefore, the proper
activity of the antioxidant enzyme system in a steroidogenic tissue is critical for the maintenance of normal steroid hormone production.
In the present study, we show that exposure of testes
to Pyralene was accompanied by modulation of catalase,
GST, and GSH-Px activities 24 h after application. The
concomitant increase in catalase and GSH-Px activities
might suggest that Pyralene increases the level of possible
substrates for these enzymes, namely H2O2 and organic
hydroperoxides. Inhibition of GST activity by Pyralene was
accompanied by decreased activity of 3βHSD, a steroidogenic enzyme that catalyses the conversion of pregnenolone to progesterone in rat Leydig cells. It is interesting
to mention that some isoforms of GST can also catalyse
isomerization of Δ5-androstenedione-3,17-dione as well as
that both GST and 3βHSD have at least one tyrosine
residue in the active centre [12].

in vivo intra-testicular application. For example, immobilization stress [7, 8] and application of nitric oxide (NO)
donor [10] or substrate for NO synthase [13] inhibit
3βHSD and P450c17, as well as certain antioxidant enzymes. However, all these substances are hydrophilic and
probably could easily reach the Leydig cells after intratesticular application. On the contrary, PCBs are hydrophobic and, therefore, poor availability for 2 h could be
expected.
In summary, this study indicates that the Aroclor 1260
based-transformer fluid Pyralene disturbs not only
steroidogenesis but also antioxidant enzyme activity in rat
testicular tissue. On the other hand, ENOL C had no effect
on rat steroidogenesis 24 h after application. The antioxidant enzyme battery was also not statistically disturbed.
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In accordance with the previously published data from
our laboratory [3], 24 h after injection Pyralene inhibited
serum T+DHT levels and hCG-stimulated androgenesis
and ENOL C was ineffective. Furthermore, Pyralene but
not ENOL C inhibited 3βHSD activity and facilitated
P450c17 activity in the testicular post-mitochondrial fractions. Finally, 17βHSD, an enzyme that converts Δ4 androstenedione to testosterone was not affected. In contrast, 2 h
after application Pyralene was without effect. This could be
explained by the inability of PCB congener to reach in
significant amount the Leydig cells in the interstitial cell
compartment of the testis. When added in vitro to suspension of interstitial cells or to post-mitochondrial fraction of
the rat testis, effects were observed within 10-15 minutes
[3, 4], which could be explained as a direct action of parent
compounds in the PCB samples.
It is interesting to mention here that testicular
steroidogenic and antioxidant enzymes respond very
promptly to certain stimuli 2 h after exposure, or to local
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•
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SUMMARY
Marigold (Calendula officinalis L., Asteraceae) and
dandelion (Taraxacum officinale Weber, Asteraceae) are
worldwide well-known plants with medicinal properties.
This investigation showed that all extracts from flowers,
leaves, stems and roots of C. officinalis L. and T. officinale
Weber inhibited the generation of hydroxyl (OH ) radicals
which are determined following the chemical degradation
of desoxyribose. The highest inhibitory effect was obtained
with the ethylacetate extract of C. officinalis L. and
ethylacetate or water extracts of dandelion flowers exhibited the highest OH radical scavenging activity. Considerable inhibitory effect was obtained with the chloroform
and ethylacetate extracts of dandelion leaves. We also
found a rather strong inhibitory effect of the water extract
of stem, and ether or n-butanol extracts of dandelion root.
•

•

KEY WORDS:
Marigold (Calendula officinalis L., Asteraceae), dandelion (Taraxacum officinale Weber, Asteraceae), Hydroxyl radicals.

INTRODUCTION
Marigold (Calendula officinalis L., Asteraceae) is
widespread as a wild plant in the central, east, and southeast parts of Europe. Nowadays, it is cultivated in a number of countries. In Yugoslavia it is grown as a popular
flower. Marigold is more known in folk than in official
medicine [1, 2]. In folk medicine, the drug is employed as
a diaphoretic, diuretic, antispasmodic, anthelminthic,
emmenagogue, and for liver complaints. In homeopathic
and folk medicine it is used externally as lotion,ointment,
oil or tincture for healing wounds, ulcers, burns, for vaginal douche and treating some skin injuries (e.g., impetigo), etc. [1, 2]. Calendula flowers are mainly used, but
also more or less other parts of the plant. The plant contains several classes of secondary products, such as essen-

tial oils, flavonoids, bisdesmosidic saponins, triterpene
alcohols, sterols, carotenes, polyacetylenes, tannins, immunostimulant polysacharides, etc. [2-6]. In a recent work
of Kalvatchev et al. [1] some extracts of marigold flowers
have shown to inhibit the human immunodeficiency virus
type I (HIV-1) replication.
Dandelion (Taraxacum officinale Weber, Asteraceae)
is also widespread as a wild plant in the central, east, and
south-east parts of Europe. The main suppliers are Bulgaria, former Yugoslavia, Romania, Hungary, Poland and
England. It has also been introduced to South America.
Dandelion is more known in folk medicine than in official
medicine [2, 3] as a mild choleretic, diuretic, appetitestimulating bitter and as an adjuvant in liver and gallbladder disorders, and digestive complaints. In folk medicine, the drug is considered to be a "blood purifier" and is
employed as a mild laxative, for treating arthritis and
rheumatic complaints, as well as eczema. Its active constituents are triterpenes, sterols, carotenoids, flavonoids,
caffeic and cinnamic acids, coumarins, carbohydrates, and
the bitter substances called taraxacin and taraxacerin,
mostly found in the milky sap. Also worth-mentioning is
the high potassium content [4-6].
Toxic oxygen radicals are main initiators of peroxidation of biological membrane lipids, causing various damages, including the disfunction of a cell itself. Hydroxyl
radical is the most reactive and toxic reduced form of
oxygen. It is formed from the O-O bond in H2O2 molecules, commonly under the influence of high temperature,
ionization, ultraviolet light and pollutants. It may cause
lung or heart muscle damage, liver chyrosis, carcinogenesis, rheumatoid arthritis, Down syndrome in children,
hypertension etc. Hydroxyl radicals (OH ) are determined
in the degradation reaction of deoxyribose, which is initiated by OH removing a H atom from a deoxyribose molecule and yielding products reacting with thiobarbituric
acid (TBA). These products obtained are determined
spectrophotometrically.
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EXPERIMENTAL
Preparation of marigold extracts

The plant material was collected in the blossoming
stage at Fruska Gora mountain. The plant flowers, leaves,
stems, and roots were dried in air and ground separately
in a mixer. 200 g each of finely powdered material was
subjected to separate extractions with 70% MeOH, using
4 L of the solvent for each extraction. After removal of
MeOH under reduced pressure, the aqueous phase was
successively extracted with four solvents of increasing
polarity, viz. ether, chloroform, ethylacetate, and nbutanol. The extraction was carried out until a colourless
extract was obtained. The remaining was the aqueous
extract. All five extracts (Et2O, CHCl3, EtOAc, n-BuOH,
and H2O) were evaporated to dryness, and after that dissolved in 50% EtOH to obtain 6% (w/v) solutions used in
the experiments.
Biochemical tests

Extracts obtained were used to determine the effects of
C. officinalis L. and T. officinale Weber on the production of
OH radicals. The solutions used were: 15% (w/v) solution of
liposomes in 4% EtOH, 6% (w/v) extract, 1 mmol/L FeSO4,
50% EtOH, 0.05 mol/L phosphate buffer (pH=7.4),
30% H2O2, 2-deoxy-D-ribose (335.325 mg of 2-deoxy-D-

ribose in 50 ml of buffer, pH 7.4), 0.4% TBA in 15%
TCA [7]. In the series of control experiments 50% EtOH
solution instead of the 6% extract solution was used. The
reaction was started with ascorbic acid solution and the
samples were incubated for 60 min at 37 0C. After incubation the reaction was stopped by adding the necessary
volumes of TBA solutions and the samples were heated
for 15 min in a boiling water bath. After centrifuging at
4,000 rpm for 10 min, the intensity of production of hydroxyl radicals was measured [8].

RESULTS AND DISCUSSION
Figure 1 presents the results of the effects of C. officinalis L. extracts on OH radical production. They show that
all extracts of flowers, leaves, stem and root of C. officinalis L. inhibited the production of OH radicals. The
strongest inhibitory activity was exhibited by ethylacetate
extracts. Besides ethylacetate, pronounced inhibitory
effect had the extract of flowers in n-butanol. C. officinalis L. chloroform extracts of leaves and stem and water
extracts of roots were also found to exhibit good inhibitory results. These effects may be probably enhanced by the
different contents of secondary biomolecules and the total
amount of flavonoids.

FIGURE 1 - Effects of C. officinalis L. extracts on OH radicals production.
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FIGURE 2 - Effects of T. officinale Weber extracts on OH radicals production.

Figure 2 shows the effects of T. officinale Weber extracts on OH radical production. All extracts inhibited OH
production. The most pronounced inhibition could be
achieved with ethylacetate and water extracts of T. officinale Weber flowers. Also leaf extracts, redissolved in chloroform and ethylacetate showed good inhibitory effects,
while the water extract of stem exhibited significant inhibitory effect. With root extracts the best results were obtained
after application of ether and n-butanol. Similar to C. officinalis L. experiments, these results are the consequence of
the different content of secondary biomolecules and the
total amount of flavonoids present in the plant.
•

Cock and Samman [9] have shown that quercetine,
rutine and their glucosides have high inhibitory activity
against lipid peroxidation. Since luteoline and its derivatives, together with quercetine and rutine, belong to the
same group of compounds – flavonoids, the following
antioxidative mechanism can be proposed: conjugation of
the double bond in position 2,3 with C4-carbonyl group,
and also existence of free OH groups on C3, C5 and C7,
enables the formation of chelate complexes with delements (Fe3+, Fe2+, Cu2+, Cu+, Zn2+). The formation of a
complex with Fe2+ prevents the production of OH radicals
(Fenton’s reaction) and was used for the evaluation of the
inhibitory effects.

The inhibition efficiency during production of OH
radicals can have two explanations:
• Components of the extracts may inhibit production
of OH radicals in the Fenton’s reaction system,
Fe2+ - H2O2, by forming complexes with Fe2+ ions.
It is well-known that flavonoids containing free 5OH groups form complexes with bi-and trivalent
metal ions.
H2O2 + Fe2+ ⎯⎯→ Fe3+ + OH + OH
•

−

• Components of the extracts can act as scavengers
of OH radicals, thus forming new radicals, which
can be stabilized through resonance.
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SUMMARY
Nineteen of the 209 possible PCB congeners exist as
pairs of stable rotational isomers that are enantiomeric to
each other. A racemic mixture of PCB atropisomers is
present in technical PCB mixtures, thus raising concerns
about enantioselective distribution, metabolism, and disposition of these congeners. We investigated the distribution and enantiomeric fractions (EF) of PCB 84 in untreated female C57Bl/6 mice. PCB 84 was injected intraperitoneally with 600 µmol/kg body weight, and the EFs
were determined by chiral gas chromatography in the
liver, brain, lung, heart, spleen and kidney after three or
six days. The EFs in brain, liver, lung and heart were
significantly different from the racemic PCB 84 standard
at days three and six, with an enrichment of (+)-PCB 84
in all four tissues. A significant enrichment of (+)-PCB 84
in the kidney was observed for day six. No significant
difference was observed for the spleen on both time
points. Tissue EFs for the brain showed the highest EF,
whereas the EFs in the spleen were almost identical with
the PCB 84 standard. The EFs did not change significantly between day three and six, suggesting that the differential distribution of (+)-PCB 84 may primarily occur during the initial distribution phase.

KEYWORDS: Polychlorinated biphenyls, PCB 84 atropisomers,
C57Bl/6 mice, distribution.

INTRODUCTION
Polychlorinated biphenyls (PCBs) are a class of persistent environmental contaminants [1, 2]. Although the
industrial synthesis of PCBs was banned in the United
States and other countries in the 1970s, mixtures of PCBs
are still used in closed systems, e.g. in capacitors and
transformers. The lipophilic character and the high thermal and chemical stability of PCBs made these compounds most suitable for a number of large scale industrial applications. At the same time these properties have
contributed to their occurrence and distribution in the en-

vironment, and their accumulation in the food chain, thus
causing serious human health concerns. Technical PCBs,
which were synthesized by chlorination of biphenyl, are
complex mixtures of biphenyl derivatives with varying
degrees of chlorination and differing substitution patterns.
The total number of possible PCB congeners is 209, many
of which are present in technical mixtures and the environment. Nineteen of the 209 possible PCB congeners are
chiral, and seven of these congeners are of environmental
concern [reviewed in 3, 4]. PCB atropisomers found in
technical mixtures are racemic and, therefore, both enantiomers are found in the environment and biological matrices. This raises the question whether the individual
enantiomers of PCB atropisomers are preferentially distributed and/or metabolized in vivo and/or exhibit different biological effects. Enantioselective distribution and/or
metabolism is well documented for numerous pharmaceutical agents, but our knowledge of the behavior of chiral
PCBs (and other environmental contaminants) in a biological system is still limited, mainly because of the analytical challenge to separate PCB atropisomers from a
complex mixture of PCBs as well as to separate or synthesize milligram quantities of pure enantiomers for in
vitro and in vivo studies.
The enzyme-inducing properties of pure enantiomers
of 2,2',3,4,6-pentachlorobiphenyl (PCB 88), 2,2',3,4,4',6hexachlorobiphenyl (PCB 139) and 2,2',3,3',4,4',6,6'octachlorobiphenyl (PCB 197) were studied in cultured
chick embryo hepatocytes [5]. In this model, the enantiomers of a selected PCB congener showed differences in
the induction of total cytochrome P-450, ethoxyresorufinO-deethylase (EROD) activity and benzphetamine Ndemethylase (BPDM) activity. The enzyme-inducing
activities of PCB 139 and PCB 197 were also studied in
the immature male Sprague-Dawley rat [6]. Racemic PCB
197 and its enantiomers were weak phenobarbital-type
inducers of cytochrome P-450, and no difference in the
potency of the two enantiomers was observed. Racemic
PCB 139 was found to be a potent phenobarbital-type inducer of cytochrome P-450. (+)-PCB 139 enhanced aminopyrine N-demethylase, aldrin epoxidase and total cytochrome P-450 content is more potently than (-)-PCB 139.
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Also, (+)-PCB 139 was a more potent inducer of the
morphine UDP-glucuronosyltransferase activity [7]. One
possible explanation for the increased inducing activity of
(+)-PCB 139 is the fact that this enantiomer may be more
persistent in the liver. Studies showed that 5 days after the
administration of a single dose of racemic PCB 139, the
hepatic concentration of (+)-PCB 139 was twice as high
as that of its antipode [6]. These observations raise the
question whether PCB atropisomers are enantioselectively
distributed in other organs as well. This study investigates
the distribution and enantiomeric fractions of PCB 84
(Figure 1) administered as a single dose in female
C57Bl/6 mice. PCB 84 was chosen as a study compound
because, as a major constituent of common Aroclors, it is
an environmentally relevant PCB congener [3].

MATERIALS AND METHODS
Animal Treatments. The procedures performed on the
animals were approved by the Institutional Animal Care
and Use Committee at the University of Kentucky. Eight
female C57Bl/6 mice, age 6-7 weeks, were obtained from
Harlan (Indianapolis, IN, U.S.A.). Animals were randomly divided into a control group with two animals and two
groups with three animals. Each animal received an intraperitoneal (i.p.) injection of either corn oil alone or PCB
84 in corn oil (600 µmol/kg body weight). Animals were
euthanatized by asphyxiation with carbon dioxide after
three or six days. Tissues were collected and their net
weights determined.
PCB Tissue Extraction. PCB 84 in tissues was extracted
and analyzed using standard U.S. EPA methods [12-14].
The samples were ground with an appropriate amount of
anhydrous sodium sulfate and the powder extracted with
petroleum ether in a Soxhlet apparatus for 5 hours. The
extracts were concentrated to near dryness in a rotary
evaporator. Lipid clean-up was performed by eluting
the entire sample through a column of 4-6 g activated
100-200 mesh Florisil® (100° C for a minimum of 24 h)
with 100 mL petroleum ether, evaporated to 2.0 mL [12] and
reconstituted with hexanes to a final volume of 10 mL. Elemental sulfur was then removed by shaking with 2-propanol (2 mL) and tetrabutylammonium sulfite (2 mL),
adding ultra-pure water (8 mL), and reshaking. The organic extract was removed and mixed with 2.0 mL concentrated sulfuric acid [15]. A 4 µL sub-sample was then
analyzed by gas chromatography.

FIGURE 1
Structure of PCB 84 (2,2’,3,3’,6-pentachlorobiphenyl).

Despite the environmental importance of PCB 84 and
related congeners with a 2,3,6-chlorine substitution pattern, little is known about the biological activities of these
congeners. PCB congeners with a 2,3,6 pattern are more
readily metabolized to the methyl sulfonyl PCBs which
accumulate in liver and lung tissues [8, 9]. PCB 84 was
shown to suppress microsomal cytochrome P450 in hens
after 10 weeks dietary exposure, but was as embryotoxic to
chicks as 2,3’,4,4’,5-pentachlorobiphenyl (PCB 118) [10].
Another chiral congener, 2,2’,3,5’,6-pentachlorobiphenyl
(PCB 95), alters microsomal calcium ion transport by
activating ryanodine receptor-binding sites [11]. This
mechanism is thought to be involved in adverse developmental effects caused by PCBs. Because intermittent
pulsatic exposure to PCBs is more relevant for the risk
assessment in young animals and children, PCB 84 was
administered intraperitoneally as a single dose. This
study addresses the question whether enantioselective
processes such as uptake, disposition, metabolism and
excretion need to be considered in the risk assessment of
chiral PCBs.

PCB Determinations. Analyses were performed using a
Hewlett-Packard (HP) Model 5890A gas chromatograph
equipped with an electron capture detector and an HP
Model 7673A Automatic Sampler. Samples were analyzed
using a 60m X 0.53mm ID SPB-5 (0.5mm film) fused
silica megabore column (Supelco, Inc., Bellefonte, PA,
U.S.A.) with ultra-high purity helium and nitrogen as carrier and makeup gases, respectively. The temperature program was set at 160 °C (4 min)-10 °C/min-235 °C (0 min)0.9 °C/min-260 °C (20 min); Injector temperature, 280 °C;
Detector temperature, 300 °C. PCB peak heights were
quantified using an HP Model 3396A integrator. Four
external standards of PCB 84 (AccuStandard, NewHaven,
CT, U.S.A.) were used for calibration curves and for every
eight to tenth sample a solvent blank (isooctane) and a
standard were analyzed. The concentration of PCB 84 in
each sample was determined from the calibration curves.
Enantiomeric Fraction Determinations. Analysis of the
cleaned tissue extracts for PCB 84 enantiomers was by
chiral capillary gas chromatography with mass spectrometric detection using a Hewlett-Packard 6890 GC with a
5973 mass selective detector [16]. Dry tissue extracts
were dissolved in 1 mL of hexane, and 1 µL of this was
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injected into the GC. The column was a BGB 172 column
(BGB Analytik AG, Laufrainweg 139, 4469 Anwil, Switzerland) containing a chiral phase composed of 20% tertbutyldimethylsilylated-ß-cyclodextrin. The column was
30 m long, 0.25 mm ID, and of 0.25 mm film thickness;
conditions were: column temperature, 150 to 220º at a
rate of 1º/min; injection, splitless at 250º; carrier gas,
helium at a flow of 1.0 mL/min. PCB 84 was detected and
measured using selected ion monitoring of ions 254, 256,
291, 324, 326 and 328; electron voltage was 70.
Resolution of the enantiomers of PCB 84 was R= 0.8
(n = 3). While this was not a baseline resolution, there
were no interfering peaks in the samples, so it was sufficient for measurement of enantiomer ratios (ER) and
enantiomer fractions (EF) [17]. The same standard sample
of PCB 84 used for treating the mice was analyzed for its
ER; the ER was 1.05 (3 separate values of 1.05, 1.05, and
1.06). Using pure enantiomers [18], it was observed that
the (-)-enantiomer eluted first on the BGB 172 column
under the conditions used here. By convention, ER is calculated as (+)-enantiomer peak area/(-)-enantiomer peak
area, so in this case, ER = area peak 2/area peak 1. The
EF is area(+)/[area(+) + area(-)], or EF = ER/(1 + ER) =
0.513 ± 0.003 for the PCB 84 standard.
Statistical Analysis. The statistical comparison of the
total amount of PCB 84 and the enantiomeric fraction of

PCB 84 in each of the tissues with the racemate was carried out using two sample t-tests at two different time
points (day 3 and day 6). The comparison of PCB 84 levels
at the two time points for each tissue was performed using
the analysis of variance. For each analysis the overall significance level was set at 0.05. The statistical software SAS
version 8 (SAS Institute Inc., Cary, NC, U.S.A.) was used
for the entire statistical analysis of this study.

RESULTS
The total amount of PCB 84 in all six tissues is shown
in Figure 2. At day 3, the total amount of PCB 84 from all
six tissues was less than 1 % of the total dose injected.
From day 3 to day 6, this amount decreased significantly
from 0.77 % by a factor of almost 4 to 0.20 %. For both
time points, the total amount of PCB 84 was largest in
the liver, followed by the kidney and the spleen. The
lowest amount of PCB was found in the heart and the
brain. As shown in Figure 3, tissue PCB levels in the
brain, heart, liver and kidney decreased significantly
from day 3 to day 6 (P < 0.05), whereas the decrease in
the total amount was not statistically significant with
exception of the kidney. These observations are most
likely due to the small number of samples (n = 3) and
the high variability.

FIGURE 2 - Total amount of PCB 84 per tissue at day three and six (values are means
± standard error; * significant difference between day three and six with P < 0.05).
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FIGURE 3 - Level of PCB 84 in each tissue at day three and six (values are means
± standard error; * significant difference between day three and six with P < 0.05).

FIGURE 4 - Enantiomeric fraction of PCB 84 in each tissue at day three and six (values are means ± standard error).
The dotted line indicates the EF of the injected racemate (significantly different from the racemate at * P < 0.05 and ** P < 0.01).
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The EFs of PCB 84 at three and six days in each tissue are shown in Figure 4. EFs in brain, heart and lung
(P< 0.01) as well as liver (P < 0.05) were significantly
different from the racemate at both time points, with the
(+)-PCB 84 enantiomer being predominant in all tissues.
The EF in the kidney was only different from the racemate
at day 6, whereas the EF in the spleen was not significantly
different at both time points. Tables 1 and 2 summarize
differences between EFs in different tissues at day 3 and
day 6. At day 3, the EF in the brain is significantly different
from all other tissues, whereas at day 6, the EF in the brain
is only significantly different from the spleen. In contrast,
the EF in the spleen is significantly different from all other
tissues with exception of the kidney. However, the EF
measured in all tissues does not change significantly from
day 3 to day 6. A negative correlation was found between
the total amount or level of PCB 84 and the EF for the lung
at day three and the liver and kidney at day 6. A positive
correlation between the total amount and the EF was found
for day 6 for the lung and brain.

Lung
*

Liver
**

Kidney
**
*

Spleen
**
**
**
*

TABLE 2
EF differences between tissues at day 6 (*:P < 0.5; **:P <0.1).

Lung

Liver

Kidney

Brain
Heart
Lung
Liver

In our animal study, no selective enrichment of PCB 84
was observed in the lung, and tissue levels of the parent
compound decreased in the lung from day 3 to day 6. These
seemingly contradictory findings can be easily explained by
the different methods employed to measure PCB tissue
levels in both studies. By using a radiolabeled compound,
Brandt and co-workers measure the sum of the parent compound and its metabolites. In contrast, our study analyzed
only for the parent compound after extraction with petroleum ether. PCB 84 has adjacent unsubstituted carbon atoms
in both rings and is, therefore, readily metabolized in the
liver (and possibly other organs) [8, 9]. The metabolites, in
particular the methyl sulfonyl metabolites, are then selectively accumulated in the lung, thus resulting in increasing
levels of 14C-labeled metabolites in the lung. At the same
time, levels of PCB 84 in the lung probably decreased in the
study by Brandt and co-workers (1981) as well.
The selective enrichment of (+)-PCB 84 in the brain
as well as lung, liver and heart, but not in the kidney and
spleen, is the most interesting result of this study. It is
also interesting that there is no significant change in the
EF from day 3 to day 6 in all tissues, while tissue PCB
levels are decreasing at the same time. These findings are
not entirely a surprise. There are reports of enrichment of
PCB atropisomers in environmental samples, wildlife and
even human breast milk [4]. In a controlled laboratory
experiment, the hepatic concentration of (+)-PCB 139
was twice as high as that of (-)-PCB 139 after the administration of the racemic mixture to rats [6]. The observations reported here raise the question which processes,
such as metabolism, binding to plasma or tissue proteins
as well as uptake into or clearance from the respective
tissue, are responsible for the enantioselective distribution
of chiral environmental contaminants and how this ultimately affects the human health risk.

TABLE 1
EF differences between tissues at day 3 (*:P < 0.5; **:P <0.1).

Brain
Heart
Lung
Liver

days when levels in liver and fat are already decreasing.
The highest concentrations in the lung parenchyma were
found after 16 and 32 days.

Spleen
**
*
**
*

DISCUSSION AND CONCLUSION
The uptake of PCBs occurs initially in highly perfused organs. After several hours or days, depending on
the particular congener, redistribution occurs from the
visceral organs to the fat depots [9]. The decrease of tissue levels of PCB 84 in our short term exposure study is,
therefore, in agreement with previous studies. Similar to
our findings, Brandt and co-workers [9] report that after
intravenous administration of 14C-labeled PCB 84 in
mice, the highest concentration of the parent compound
and its metabolites can be found in the liver. Redistribution into fat depots occurs shortly after administration,
with the highest concentrations of PCB 84 found at 24 h.
Only 4 hours after injection, a high and specific accumulation of radioactivity was observed in the parenchyma of
the lung. This accumulation continues even after several

Stereoselective metabolism of pharmaceutical agents
and some environmental contaminants, for example αhexachlorocyclohexane [19], is a well recognized phenomenon which is thought to cause most of the stereoand enantioselectivity observed in pharmacokinetics in
humans and in laboratory animal models [20]. As shown
by Brandt and co-workers [9], PCB 84 is readily metabolized in mice. The intraperitoneally injected PCB is largely subject to first pass metabolism in the liver, where also
most of PCB 84 is retained. Enantioselective metabolism
of PCB 84 is, therefore, expected to result in a timedependent enrichment of the more slowly metabolized
enantiomer in the liver and, possibly, other organs. This
suggests that enantioselective metabolism may not explain the enrichment of (+)-PCB 84 in certain tissues.
As discussed earlier, both time points fall into the redistribution phase during which PCB 84 is transported
from the visceral organs into the fat depots. The processes
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involved in the redistribution, i.e. transport out of the
tissues and via the blood to the fat depots, do not appear
to cause the enrichment of (+)-PCB 84 in certain tissues.
Otherwise a change in the EFs from day 3 to day 6 would
be expected, because it seems unlikely that the enantioselectivity of PCB 84-tissue protein binding is identical
for different tissues, e.g., brain, heart, lung and liver. One
reasonable explanation is that the differential distribution
of both enantiomers in different tissues occurs in the initial distribution phase. PCB 84 might be enantioselectively bound to certain plasma protein fractions (e.g., serum
albumin), thus resulting in differing ratios of the unbound
enantiomers in the plasma. This would result in a selective uptake of the more predominantly unbound enantiomer of PCB 84. Differences between EFs in different
tissues may result from changes in the amount and EF of
the unbound fraction of PCB 84 in the different capillary
environments of the respective tissues.
Another explanation for the observed EFs might be
that the administered PCB 84 dose of 600 µmol/kg body
weight is very high, and that within the selected time
points (day 3 and day 6) the enantioselective processes
are not as apparent. This hypothesis is supported by the
negative correlation found between the total amount or
level of PCB 84 and the EF for the lung at day 3 and the
liver and kidney at day 6.
We conclude that enantioselective processes play an
important role in the distribution of PCB atropisomers
such as PCB 84 in laboratory animals and in humans.
With the present study it is not possible to determine
whether the non-racemic values are due to enantioselective uptake, metabolism or removal from the tissues investigated. Further studies are warranted to understand the
processes responsible for the enantioselective distribution
and the impact of such an enrichment on the biological
effects caused by this class of PCB congeners, especially
in humans.
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