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Summary

During the twentieth century, production and use of toxic
chemicals have increased rapidly and thousands of chemicals have
been introduced into the environment. Among them,
polychlorinated biphenyl (PCB) congeners have received
considerable attention in the last few decades because of their
extreme persistence, bioaccumulation and toxic potential. A
number of PCBs show "dioxin-like” toxicity. These PCBs are
assigned with a Toxic Equivalency Factor (TEF) that relates their
toxicity to that of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
and are to be evaluated as dioxins. The levels of dioxin-like PCBs
were determined in 45 Turkish men living in Ankara, Turkey
during 2004-2005. Samples were analyzed for WHO-12 congeners
(non-ortho: 77, 81, 126, 169 and mono-ortho: 105, 114, 118, 123,
156, 157, 167 and 189) using high resolution gas
chromatography/high resolution mass spectrometry
(HRGC/HRMS). Concentrations of Toxicity Equivalents (TEQs)
in males were found between 1.1 and 16.4 pg/g fat wt in this
study. The results suggest that human background contamination
by dioxin-like PCBs is lower than that generally found in
industrialized countries.
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Dioksin Benzeri PCB Konjenerlerinin Tiirkiye’deki Erkek
Adipoz Dokusundaki Diizeyleri

Ozet

Yirminci yiizy1l boyunca toksik kimyasal maddelerin kullanim
ve tiretimleri ok hizli bir bigimde artis gostererek binlerce kimyasal
madde ¢esidi cevreye salinmiglardir. Bu kimyasallar arasinda olan
poliklorlanmus bifeniller (PCB’ler) son bir kag on yildir cevredeki
kalicaliga, biyobirikimi ve toksik potansiyellerinden dolay: dikkati
cekmektedir. Poliklorlanmus bifenillerin (PCB’ler) bir kismi
“dioksin benzeri” toksik etkiler gosterirler. Bu PCB’ler Toksik
Esdegerlik Faktorii (TEF) ile degerlendirilirler. Bu deger ile
dioksin-benzeri PCB bilesiklerinin gostermis olduklar: toksisite,
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in gostermis oldugu
toksisite ile iliskilendirilmekte wve dioksinler gibi
degerlendirilmektedirler. Bu ¢alismada 2004-2005 yillar: iginde
Ankara’da yasayan 45 erkegin adipoz dokularindaki dioksin-
benzeri PCB bilesiklerinin diizeyleri belirlenmistir. Diinya Saglik
Teskilat:'nin (WHO) belirlemis oldugu 12 dioksin-benzeri PCB
bilesigi Yiiksek ¢oziiniirliiklii Gaz Kromatografisi/Yiiksek
Coziiniirliiklii Kiitle Spektrometrisi (HRGC/HRMS) kullamlarak
analiz edilmiglerdir. Bu calismada dioksin-benzeri PCB bilesiklerine
ait erkeklerdeki Toksisite Esdegerlilik (TEQ) diizeylerinin 1,1 -
16,4 pgl/g yag araliinda degisiklik gosterdigi belirlenmistir. Bu
calisma sonucunda, insanlardaki dioksin-benzeri PCB’ler
tarafindan olusturulan kontaminasyonun genellikle endiistrilesmis
iilkelerde saptanan diizeyden daha diisiik oldugu belirlenmigtir.
Anahtar Kelimeler: HRGC/HRMS, Dioksin-benzeri PCB’ler,
adipoz doku

INTRODUCTION

The Stockholm Convention on Persistent Organic
Pollutants (POPs) was adopted by 125 countries on
22-23 May 2001. The convention addresses the pro-
duction, use, import, release of by-products, stockpile

management and disposal of an initial 12 POPs, the
so-called “dirty dozen”. Polychlorinated biphenyls
(PCBs) are one of the important members of POPs
and have been used extensively worldwide since 1929
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in a variety of industrial uses, such as in transformers
and large capacitors as dielectrics, in heat exchange
fluids, in the paint industry as paint additives, in
carbonless copy paper and in plastics. Since 1929,
about 2 x 10% kg of PCBs have been produced com-
mercially, of which about 2 x 108 kg remain in mobile
environmental reservoirst.

The PCBs are structurally and chemically similar to
the polychlorinated dibenzo-p-dioxins /polychlori-
nated dibenzofurans (PCDD/Fs), and comprise up
to 209 congeners, about 130 of which are likely to
occur in commercial products or mixtures, from the
monochloro congener through to the fully chlorinated
decachloro congener. The toxic effects and the envi-
ronmental behavior of these mixtures are highly
dependent both on the degr ee of chlorination and the
position of the chlorine atoms of the biphenyl. Certain
PCBs, which have no or only one chlorine atom at
the ortho position, so called non-ortho and mono-
ortho congeners, ar e conformationally similar to the
PCDD/Fs, and appear to elicit dioxin-specific bio-
chemical and toxic responses through a similar mech-
anistic action. In this regard, they are often referred
to as ‘dioxin-like’ PCBs23. There are numerous com-
pounds that are considered of “dioxin-like” toxicity.
The three most general types of dioxins are PCDDs,
PCDFs and PCBs. Among these, tetrachlorodibenzo-
p-dioxin, or 2,3,7,8-TCDD, represents the most com-
mon and toxic of all the congeners. In 1998 the World
Health Organization (WHO) identified 12 PCBs to be
dioxin-like (non-ortho: 77, 81, 126, 169 and mono-
ortho: 105, 114, 118, 123, 156, 157, 167 and 189)°.

It seems that exposure to dioxin-like compounds is
inevitable when people consume food and, to a much
lesser extent, when they breathe air or have skin
contact with dioxin-contaminated materials. For the
general population, over 90% of exposure to PCDD/Fs
and PCBs is through the diet. Foods of animal origin
such as meats, dairy products and fish are usually
the main sources®. Unborn children are exposed to
dioxin-like compounds in utero®, and nursing infants
are exposed to these contaminants present in breast
milk8.7. Dioxin-like compounds are extremely persis-
tent in the environment, and their high lipophilicity

results in their bioconcentration into the biota and
biomagnification through the food chain®. Conse-
quently, dioxin-like compounds released to the atmo-
sphere can travel long distances before they are de-
posited onto water, soil and vegetation, causing a
widespread occurrence of such compounds®.

Particularly, PCDDs, PCDFs and dioxin-like PCBs
elicit significant toxic effects, such as body weight
loss, thymic atrophy, chloracne, impairment of im-
mune responses, carcinogenesis and adverse repro-
ductive effects on wildlife as well as laboratory
animals20.

The aim of our study was to evaluate the individual
human background dioxin-like PCBs contamination
in adipose tissue of men living in Ankara, Turkey.
This study is very important since there is almost no
data about the levels of dioxin-like PCBs in humans,
the environment and wildlife in Turkey.

MATERIALS and METHODS
Subjects

Between June 2004 and May 2005, 45 human adipose
tissue samples were taken during surgical operations
from different donors who had been living in the
Ankara area for at least five years. All subjects partic-
ipated in the study voluntarily and all were male. All
subjects acknowledged their participation by signing
an informed consent form. Adipose tissue samples
were obtained during an appendectomy or sarcoma
operation and kept frozen at -80°C in glass containers
until analysis. The age of subjects ranged from 28 to
44 years (mean age 36.1+4.6). Each subject completed
a questionnaire to provide personal information such
as smoking history, occupation, dietary habits, weight,
and height. All subjects were mixed food consumers.

Analysis of dioxin-like PCBs
Chemicals

All solvents used were of trace analytical quality and
purchased from LGC Promochem GmbH (Wesel,
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Germany) as well as the silica, alumina and Florisil
adsorbents. All 13C-labelled PCDD/F standards were
purchased from Cambridge Isotope Laboratories
(Andover, MA, USA) or Wellington Laboratories
(Guelph, Ontario, Canada). Isolute HM-N (modified
diatomaceous earth) and Isolute C18 were purchased
from Separtis GmbH (Grenzach-Wyhlen, Germany).

Extraction and Cleanup

1.5 to 2 g of adipose tissue were ground with Isolute
HM-N, spiked with 13C-labelled PCDD/F and PCB
standards and extracted by use of pressurized liquid
extraction (ASE 200, Dionex GmbH, Idstein, Germany)
with n-hexane : acetone 3:1 as extraction solvent. The
extract was evaporated to dryness for gravimetrical
determination of the lipid content. The residue was
resolved in 2 to 3 ml of n-hexane and the cleanup
shown in Figure 1 was applied™!.

Extract

Sandwich-Column
4gsio,
10 g SiO/44% HSO
24 Si0, 5 g NaSO

Elution with:
245 ml n-hexane

Alumina-Column
259 AlLO,
20gNa,SO,

Elution with:

A. 80 ml toluene
B. 200 ml n-hexane/

dichloromethane (98/2 viv) ©. 200 ml n-hexane/

dichloromethane (50/50 v/v)

Florisil-Column
15 g Florisil
8g NasO

Elution with:

C18-Column
1g Isolute C18

Elution with:
4 ml acetonitrile

Recovery standard
"“C+1,2,3,4-TCDD A. 180 ml n-hexane

concentration to 10 pl Waste B. 300 ml dichloromethane

Recovery standard

*Ci1,23,4-TCDD

HRGC-HRMS
PCB

concentration to 10 pl

HRGC-HRMS
PCDD/F

Figure 1.0] Cleanup procedure™.

Instrumentation

The PCB analysis was performed with a high resolu-
tion mass spectrometer (HRMS) Finnigan MAT 95S
(Thermo Electron GmbH, Bremen, Germany) coupled
with an Agilent GC 6890 (Agilent Technologies, Palo
Alto, CA, USA). Chromatographic separation was
achieved by splitless injection (cold injection system
CIS4, Gerstel GmbH, Mulheim, Germany) of 1 pl on
a Restek Rtx-2330 column with a length of 60 m, ID
0.25 mm, ft 0.1 um (Restek GmbH, Sulzbach, Germa-

ny). The GC oven was programmed as follows: 90°C
initial hold for 1.5 min, increase at a rate of 20°C
min-1to 170°C, hold for 7 min, followed by an increase
of 3°C min! to 260°C and a final hold at 260°C for 10
min.

The MS was operated in SIM mode at a resolution of
10000 and the two most intense ions of the molecular
ion cluster were monitored for the unlabelled and
labelled isomers.

Statistical evaluation

Nonparametric statistical analyses (Kruskal-Wallis
analysis of variance andthe Mann-Whitney U test)
were used for data analysis. We determined the rela-
tionships among biological and chemical data by
correlation analysis and multivariate principal com-
ponent analysis (PCA).

RESULTS and DISCUSSION]

In this study, dioxin-like PCBs (non-ortho PCBs:#77,
#81, #126, #169 and mono-ortho PCBs: -PCB #105,
#114, #118, #123, #156, #157, #167, #189) were studied
in male adipose tissue. The levels of PCB congeners
found in adipose tissue samples are presented in
Table 1. Twelve dioxin-like PCBs were present in
almost all of the samples, except PCBs #81 and #123
(91.1% and 95.6%, respectively). The mean level of
the sum of all dioxin-like PCBs found in the samples
was 9594.2 pg g1 lipid, and mono-ortho PCB conge-
ners (#105, #114, #118, #123, #156, #157, #167 and
#189) accounted for greater than 99% of the concen-
trations of dioxin-like PCBs in men. The compound
found at the highest concentration was PCB 118,
followed by the congeners #156 and #105. These
congeners were responsible for about 81.75% of the
total concentration of the non-ortho and mono-ortho
PCBs in the adipose tissue. On the other hand, non-
ortho PCB congeners #81, #77, #126 and #169 were
the congeners found at the lowest levels, accounting
for only 0.84% of the total dioxin-like PCB levels
found in the tissue: however, contribution of these
PCB congeners to the Toxicity Equivalents (TEQ) had
been reported as 95.29%. 3,3’,4,4’,5 - Pentachlorobi-
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phenyl (PCB #126) is the most important of the 12
dioxin-like PCBs because of its high WHO-TEF of 0.1.
Concentration of PCB #126 was found as 24.9+20.0
pg g lipid in this study. The Toxic Equivalency
Factor (TEF) approach has been widely accepted as
the most feasible method available at present for
evaluating potential health risks associated with
exposure to mixtures of dioxin-like compounds. TEQs
wer e estimated using WHO-TEFs (Table 2)12. Con-
centrations of TEQs in males were found between
1.1-16.4 pg g1 lipid in this study.

As the aim of this study was to determine dioxin-like
PCBs, the amounts of other PCB congeners were not
determined. Thus, the associations between dioxin-
like PCBs and other PCB congeners were not evaluated
in this study. On the other hand, no correlations were
found between dioxin-like PCB concentrations and
age, body mass index (BMI) and smoking status.

More than 90% of the total daily human exposure to
PCBs is made up of oral intake from food, such as
dairy products, meat and fish, whereas other routes,
e.g., water, air and soil, contribute to less than 10%
of total exposurel3. Dioxin-like compounds have
been intentionally manufactured in PCB mixtures, or
occurred as unwanted by-products in chemicals and
entered the environment especially via incineration,
heating processes and chemical industry. These per-
sistent toxic substances are now found in all kinds of
compartments of the biosphere (e.g., sediments/soils,
feed/food) and tend to accumulate in the biota. Hu-
man adipose tissue was collected from men living in
Ankara, which is an industrialized city in central
Turkey, quite far from the sea and large lakes. Never-
theless, all subjects reported having a mixed diet
including meat and fish. PCB resources for people
living in Ankara could be considered as the results
of careless disposal practices, accidents, or leakage

Table 1.0JConcentrations of dioxin-like PCBs in Turkish male adipose tissue (pg g lipid)

IUPAC no n Concentration (pg g-1) lipid Min Max Frequency of determination

Non-ortho PCBs: Mean+SD (%)
3,3',4,4'-Tetrachlorobiphenyl PCB #77 45 23.3+18.3 4.5 72.5 100
3,4,4' 5-Tetrachlorobiphenyl PCB #81 45 5.4+7.4 n.d. 39.4 91.1
3,3',4,4' 5-Pentachlorobiphenyl PCB #126 45 24.9+20.0 7.01 18.7 100
3,3'4,4'55'-Hexachlorobiphenyl PCB #169 45 27.4+18.3 7.9 91.8 100
Mono-ortho PCBs:

2,3,3',4,4'-Pentachlorobiphenyl PCB #105 45 1170.1+1171.9 294 7270 100
2,3,4,4' 5-Pentachlorobiphenyl PCB #114 45 255.2+246.1 34.3 1360 100
2,3'4,4' 5-Pentachlorobiphenyl PCB #118 45 4376.5+4581.1 802 28182 100
2',3,4,4' 5-Pentachlorobiphenyl PCB #123 45 51.6+57.5 n.d. 381 95.6
2,3,3',4,4' 5-Hexachlorobiphenyl PCB #156 45 2296.7+2252.7 101 120 95 100
2,3,3',4,4' 5'-Hexachlorobiphenyl PCB #157 45 427.3+431.8 81 244 6 100
2,3',4,4'5,5'-Hexachlorobiphenyl PCB #167 45 622.3+719.2 99 4303 100
2,3,3',4,4' 5 5'-Heptachlorobiphenyl PCB #189 45 313.6+328.6 49.2 1618 100
TEQ incl. LOD (WHO 2005, Humans) 3.54

TEQ:Toxicity equivalents. TEF:Toxic equivalency factor. LOD: Limit of detection. N.d.: Not detected.

Table 2.[]Toxic equivalency factors (TEFs) for
dioxin-like PCBs

IUPAC no WHO-TEF
Non-ortho PCB
3,3',4,4'-Tetrachlorobiphenyl PCB #77 0.0001
3,4,4' 5-Tetrachlorobiphenyl PCB #81 0.0003
3,3',4,4' 5-Pentachlorobiphenyl PCB #126 0.1
3,3',4,4'5,5'-Hexachlorobiphenyl PCB #169 0.03
Mono-ortho PCB
2,3,3',4,4'-Pentachlorobiphenyl PCB #105 0.00003
2,3,4,4' 5-Pentachlorobiphenyl PCB #114 0.00003
2,3',4,4' 5-Pentachlorobiphenyl PCB #118 0.00003
2',3,4,4' 5-Pentachlorobiphenyl PCB #123 0.00003
2,3,3',4,4' 5-Hexachlorobipheny!l PCB #156 0.00003
2,3,3',4,4' 5'-Hexachlorobiphenyl PCB #157 0.00003
2,3',4,4'5,5'-Hexachlorobiphenyl PCB #167 0.00003
2,3,3',4,4' 5,5'-Heptachlorobiphenyl PCB #189 0.00003
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from various industrial facilities and from chemical
waste disposal sites.

In Turkey, PCBs were restricted for use in closed
systems in 1993 and banned in 1996 in the Toxic
Substances Control Act. It is also known that combi-
nations of transformer oil and lindane (y-HCB) (48 +
4%) were widely used as a pesticide in Turkey between
1970 and 198214, However, no statistical data on use
of PCBs (in million kg) for different purposes in
Turkey is available. According to Turkish Electricity
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Generation and Transmission Corporation (TEAfi)
reports, only PCB values for some used transformers
are available (175.192 kg for transformers and 52.230
kg for capacitors).

In previous studies conducted on women living in
Ankara, 7 indicator PCBs (IUPAC numbers: 28, 52,
101, 118, 138, 153, 180) were detected. When the results
of this study are also considered, it is once more
argued that PCB exposure of people living in Ankara
is inevitable. The very limited studies conducted in
Turkey have reported the presence of PCB compounds
in humans, the environment and food. Cok et al.
(2003; 2004)15.16 reported in the first study aimed at
the investigation of PCBs in humans that the indicator
PCBs were present in both milk and adipose tissues
of women. The same group (2007)!! also reported the
first results about human PCDD/Fs levels in Turkey.
Levels of dioxin-like PCBs of 23 subjects were also
evaluated in this study. The TEQ value was found as
6.6 according to WHO1998 evaluation. In another
study. PCBs other than dioxin-like PCB compounds
analyzed in the previous study were determined in
human milkl’. However, there are relatively little
data available on PCB levels in food for the Turkish
population. Studies by Ozden et al.18 showed that
PCB compounds have been found in Turkish canned
fish products and mussels (Mytilus galloprovincialis)
purchased from local markets and the Bosphorus,
although the levels are below the allowed limits9. It
was attempted to determine PCB values in the envi-
ronmental samples in Turkey as well20.21, However,
there are very limited studies available on this issue
in Turkey. In the most comprehensive study in Turkey,
Telli-Karakog et al. (2002)20 analyzed PCBs in a de-
tailed manner in sea water and mussels taken from
the 1zmit Bay area, in which industrial corporations
are highly concentrated. They reported the presence
of non-ortho PCB compounds in environmental sam-
ples in Turkey for the first time in their study20.

It seems that exposure to PCBs is inevitable based on
the results of these studies and the curret study. Major
sources and users of PCBs are the power generation
and distribution industries. To our knowledge, PCBs
have been used only in closed application in Turkey.

There is no information about any source or any use
of semi-closed applications of PCBs. Moreover, there
are no strict regulations addressing the disposal of
PCBs or controlling PCBs still in use in Turkey. On
the other hand, the main sources of dioxin-like PCBs
could be described as: releases from commercial PCB
formulation, emissions from combustion processes,
and solar photolysis of higher chlorinated PCBs.
According to some researchers22, one of the major
sources of dioxin-like PCBs is municipal solid waste
incineration rather than PCB formulations. De nevo
synthesis of dioxin-like PCBs was observed in the
combustion of municipal solid wastes and resulted
from the dimerization of chlorobenzenes?3.

Based on the fact that some PCB congeners act through
the same dioxin-like mechanism of toxicity and that
the effects of the individual compounds are
additive824 The toxicity of mono- and non-ortho PCB
congeners has been determined relative to 2,3,7,8-
TCDD using TEFs that are essentially useful for hazard
and risk assessment2:3.12.25 The TEQs for both
PCDDs/Fs and dioxin-like PCBs were calculated
according to WHO TEFs212, The TEQs for dioxin-
like PCBs were based on analysis of 12 individual
congeners (PCB IUPAC No 81, 77, 123,118, 114, 105,
126, 167, 156, 157, 169 and 189) (Table 2).

Dioxin-like compounds have similar properties and
show a wide variety of toxic effects in mammals, birds,
and fish23.12, Exposure studies of laboratory animals
and reports of human exposur e after industrial acci-
dents have demonstrated that dioxin-like PCB conge-
ners show a variety of effects including dermal toxicity,
neurotoxicity, immunotoxicity, carcinogenicity, terato-
genicity, porphyrin accumulation, alterations in circu-
lating thyroid hormone concentrations, and reproduc-
tive and developmental toxicity3:26:27.28 The toxic
effects of dioxin-like PCBs on humans and wildlife
have been shown to be similar to those of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) and are consid-
ered to occur via an aromatic hydrocarbon (Ah)-
receptor (AhR)-mediated reaction®®. Binding to the
AhR offers the biochemical mechanism?2430931 to analyze
the dioxin-like activity of these compounds quantita-
tively in a biological manner.
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Exposure to PCBs is continuously decreasing in in-
dustrialized countries. In a study conducted in Japan,
it was reported that in Japanese human adipose tissue
sample concentrations of dioxin-like PCBs and TEQs
in 1970-71 and 2000 had been significantly decreased
(p<0.001)32. Exposure to these compounds is decreas-
ing for people living in Spain33.34 as well. Dioxin-like
PCB values in adipose tissue obtained from different
countries are presented in Table 3. When results of
this study are compared with those of the countries
presented in Table 3, our obtained TEQ values were
determined respectively lower.

Table 3.LJTEQs of dioxin-like PCBs in adipose tissue
of subjects from various countries (pg g1

lipid)
Country n  Year of WHO Analyzed References
Sampling PCB-TEQ® Dioxin-Like
PCBs
Spain 15  1997-98 25.2b 77,126,169 Schuhmacher et
al., 1999 (33)
Spain 15 2002 10.8 77,126,169 Schuhmacher et
al.,2004 (34)
Finland 420 1997-98 35.4 77,126,169 Kiviranta et al.,
2005 (35)
Japan 20 1970-71 15.3 77,81, 126, Choi etal.,
169 105,14, 2002 (32)
118,123,156,
157,167, 189
Japan 10 2000 1419 77,81,126,169, Choietal,
105, 114, 118,123, 2002 (32)
156, 157,167, 189
USA 28  1984-86 3.19b  77,81,126,169  Patterson etal.,
1994 (36)
India 21 2000 1469  77,81,126,169, Kumaretal.,
105, 114, 118, 123, 2001 (37)
156, 157,167, 189
Turkey 45 2004-05 3.54 77,81, 126, 169, 105, This study

114, 118,123, 156,
157,167, 189

This study puts forward exposure of the Turkish
population to dioxin-like PCBs. The Turkish popula-
tion’s exposure to PCBs has been reported previously,
thogh not in great detail. The results of this study
with PCDDs and PCDFs will help in evaluating the
toxicological implications (for instance, the effects on
fertility) in humans resulting from toxic POPs in
various conditions.
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