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ABSTRACT: Persistent organic pollutants (POPs) are chemicals of global concern due to their
potential for long-range transport, persistence in environment, ability to biomagnify and bioaccumulate
in ecosystems, as well as their significant negative effects on human health and the environment.

In this study, seven targeted polychlorinated byphenils (PCBs, IUPAC Nos. 28, 52, 101, 118, 138,
153, and 180) and the organochlorine pesticides (OCPs) aldrin, dieldrin, endrin, cis-chlordane, trans-
chlordane and oxy-chlordane were quantified in European date mussel (Lithophaga lithophaga L.,
1758.) collected from the Sarajevo fish market (Bosnia and Herzegovina). This slow-growing species
is widespread along the whole Mediterranean rocky coastline. In Bosnia and Herzegovina (BiH), this
species has not been protected by law and the date mussel harvested in the area of the Neum bay
(Adriatic sea) could be found in free sale on BiH market.

Applied gas chromatography and tissue extraction methods were validated in the NIVA laboratory. Our
samples (n=61) were 4.5-8.4 cm in length. Total OCPs in the analyzed samples were low (ranginq
from non-detectable to 0.419 pg kg™ w.w.), while 7PCBs was ranging from 20.26 to 135.37 ug kg’
w.w.. PCBs 101, 118, 138 and 153 were dominant congeners in all samples.

Key words: shellfish, persistent organic pollutants, polychlorinated byphenils, organochlorine pestici-
des, biomarker of exposure

INTRODUCTION

Contamination of the ecosystems of the
coastal area and toxic substances present
in aquatic organisms pose risks to human
population and the environment, placing
itself as one of the global problems of en-
vironmental pollution.

Particularly interesting is a group of semi-
volatile organic compounds, first of all po-
lychlorinated biphenyls (PCBs) and orga-
nochlorine pesticides (OCPs). Polychlo-
rinated biphenyls and organochlorine pes-

ticides are ubiquitous contaminants with
high hydrophobicity, thermal and photo
stability, significant toxicity, low reaction
potential and the high degree of resistance
to degradation processes in environmental
media (Herceg Romanié, 2002). Because
of their strong tendency for bioaccumu-
lation and biomagnification in different life
forms, this group of substances is espe-
cially dangerous for organisms at a higher
positon in food chain, mainly predatory
animals and humans. Aquatic environ-
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ments offer the best conditions for bioac-
cumulation of these compounds. There is
a myriad of organisms that filter and leak
through their own body an enormous
amount of water, thereby extract toxicants
that have property of accumulation. Aqua-
tic organisms accumulate substances in
concentrations thousands of times greater
than found in the waters. Once a sub-
stance enters the living organism, it can be
moved through the food chain of orga-
nisms, victims, (herbivores) to consumer
organisms (predators) that feed on them.
For high lipophilic compounds, this move-
ment can be accomplished by concen-
trating the toxicant in the tissues of each
successive body that makes links in a food
chain (Jones and Voogt, 1999).

Date mussel (L. lithophaga) is a mollusk of
the class of the Bivalvia, dwelling in the
underwater rocks and stones which in
pierces by secreting hydrochloric acid.
Given that it lives in the rocks, the growth
is limited, so it could take between 18 and
36 years to reach a commercial size of 5
cm. They can reach an age >54 years
(Galen-Mitsoudi and Sinis, 1995; Deves-
covi and Ive$a, 2004; Guidetti and Boero,
2004).

They are distributed from the Eastern
Atlantic, across the Mediterranean to the
Red Sea. Due to the fact that they are
static organisms with a specific lifestyle
and slow rate growth, which feed by fil-
tering particles from the water they repre-
sent an aquatic organism with the high
potential of bioaccumulation of toxicants. It
is one of the most prized shellfish to eat,
but due to their specific lifestyle and slow
growth they are not suitable for cultivation
(Brato$ and Glamuzina, 2004).

As for the extraction of this shellfish, it is
necessary to break rocks, and therefore by
its fishing large coastline rocky areas are
destroyed which results in destruction of
habitats and biological diversity. In most
countries, the law strictly prohibits ca-
tching, holding, killing, purchasing, sale,
acquisition or alienation otherwise, export
or import of date mussel, and damaging
and destroying of their habitats. In Bosnia
and Herzegovina (BiH), this species is not
yet protected by law and in BiH market the

date mussel harvested in the area of the
Neum bay could be found in free sale.

In this experiment, the presence and the
content of the selected groups of per-
sistent organic pollutants (organochlorine
insecticides, total PCBs and individual
PCBs congeners) in samples of date mu-
ssel (L. lithophaga) collected from the Sa-
rajevo seafood market, were analyzed.
The obtained results could serve to form
the baseline for the assessment of risk to
public health.

Based on performed preliminary tests it
was necessary:

e To select the commercial sources from
which the samples would be obtained;

e To carry out the extraction and puri-
fication of the selected group of persi-
stent organic pollutants from samples
of shellfish;

e To conduct an analysis of the prepared
extracts according to established pro-
tocols using the method of gas chro-
matography with electron capture de-
tector (GC-ECD);

e To compare the obtained results of the
contents of the selected group of per-
sistent organic pollutants with the limits
of their maximum levels in foods, ac-
cording to the appropriate regulations
in Bosnia and Herzegovina and the
European Union.

MATERIALS AND METHODS

Chemicals and reagents

Cyclohexane, 2-propanol (all HPLC grade)
and tetrabutylammonium sulphate (p.a.)
were from Sigma-Aldrich (Seelze, Ger-
many). Sodium chloride (p.a.) was from
Kemika (Zagreb, Croatia). Sulphuric acid
(98%, extra pure) was from Merck
(Darmstadt, Germany). PCB standard
(PCB204, PCB53 and PCB30) was pur-
chased from Dr Ehrenstorfer GmbH
(Augsburg, Germany). Nitrogen 5.0 (Mes-
ser, Sarajevo, BiH) was used for evapo-
ration of extracts. The ultrapure water was
used for preparation of reagents and sam-
ples treatment. Reference material for fish
and shellfish tissue was prepared in the
Norwegian Institute for Water Research -
NIVA, Oslo.
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Sampling of date mussel

Samples of date mussel, Lithophaga
lithophaga L. 1758, were obtained from
the commercial sources. As commercial
sources, local fish market in the city of
Sarajevo was selected.This fish market
was the only one where date mussels
could be procured in Sarajevo. Samples of
date mussels analyzed for the presence of
selected groups of persistent organic pol-
lutants, after acquisition at the fish market
(in August 2014), were transported to the
laboratory where the clams of shell were
opened, body taken out and prepared for
further analysis. Before opening, each
shellfish was weighed and measured/re-
corded, alongside with the mass and
length. The weight was determined by
using an electronic scale (0.01 g) and the
length by using a graph paper. All glas-
sware and equipment used in the pro-
cessing of tissue samples were carefully
selected and the action was taken to pre-
vent subsequent contamination.

Tissue extracts preparation

Since individual samples were originating
from the same habitat (area of the Neum
bay) it has been assumed that the in-
dividuals of the same age, because of the
same environmental conditions for growth,
have reached the same length growth
(Galinou-Mitsoudi and Sinis, 1995). Out of
individual samples the aggregate samples
were prepared and further analyzed as a
single sample. Aggregate samples inclu-
ded the samples of Data mussel with the
same shells length. A total of 16 aggre-
gate samples and 9 samples representing
individual shells were analyzed. The sam-
ples were homogenized using a mortar
and pestle. To the precisely measured ali-
guots (about 2 g) of homogenized tissue
samples, 40 ml of a mixed solvent cy-
clohexane:2-propanol (1:1 v/v) was ad-
ded.

An internal standard (50 ul) was added to
the blank (solvents) and to the reference
material. Samples were further transfer-
red to an ultrasonic bath (Clifton, Ca-
nonsburg, PA, USA) for 15 min, then on
the shaker Promax 1020 (Heidolph,
Schwabach, Germany) for one hour, after
which they were centrifuged (IEC CL-10

Centrifuge, Thermo Fisher Scientific Inc.,
USA) for 5 minutes at 1488xg. The
solution was decanted into new bottles,
and extraction was repeated with 30 ml of
a mixed solvent in the same manner. To
the combined extract of the sample 15 ml
of sodium-chloride solution (0.5%) was ad-
ded and after the content was shaken it
was centrifuged for 5 minutes at 1488xg.
The organic layer was then transferred
into the clean test tubes and evaporated to
dryness (36 °C) in a stream of nitrogen.
The mass residue after evaporation of the
solvent gives the amount of fat in the
sample. To each of the measured aliquot
of fat 1 ml of cyclohexane and 50 pL of the
internal standard were added and all was
mixed on a vortex (Scientific Industries,
NY, USA). Subsequently, the content was
transferred to the clean test tubes, washed
up with a small volume of cyclohexane to
a total volume of 2 ml and cleaned twice
with concentrated sulphuric acid (2 mL).
The sulfur residue was removed by adding
tetrabutylammonium sulfate (TBA). Cyclo-
hexane layer was transferred to the new
tubes and re-treated with the addition of
0.5-1.0 ml of sulfuric acid. After mixing and
centrifugation acid layer was removed,
and the cyclohexane extract was eva-
porated under a stream of nitrogen to a
volume of 150-200 uyL and transferred to
vials for GC.

Determination of OCPs and PCBs

Qualitative and quantitative analyses of
the selected compounds were carried out
by using gas chromatography system (Agi-
lent Tecnologies series 7890A GC System
USA), equipped with a split-splitless in-
jector (250 °C) and electron capture de-
tector (300 °C). Nitrogen (1 ml min™) was
used as a carrier gas. The capillary co-
lumn HP-5 60 m x 0.25 mm with film thick-
ness 0.25um (Agilent Tecnologies) was
used. The temperature program was: ini-
tial temperature 90 °C (2 min), to 180 °C
at a rate of 20°C min™, to 270 °C at a rate
of 2 °C min™, to 310 °C at a rate of 20 °C
min™, and holding at this temperature for 5
min.

Analized compounds were identified by
comparing their retention times with stan-
dard mixtures of the investigated com-
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pounds. The quantification of the individual
components was performed based on the
relative response of each component rela-
tive to the internal standard. As an internal
standard PCB204 was used for compo-
nents PCB101, PCB118, PCB138, PCB
153 and PCB180; PCB53 was used for
PCB28 and PCB52; while PCB30 was
used for quantification of organochlorine
insecticide.

Each batch of samples was analyzed to-
gether with one aliquot of reference ma-
terial and blank. The limit of detection
(LoD) and limit of quantification (LoQ)
were calculated (using MS Excel) for each
analyzed compounds from the standard
deviation and slope of the calibration curve
which was evaluated on the basis of data

obtained from a series of 6 calibrations
standard (Miller and Miller, 2000).

RESULTS AND DISCUSSION

Characteristics of the analyzed
samples

The length of the shell, total mass and
mass of tissue were determined for each
specimen. Length of individuals was in the
range 4.5-8.4 cm. Fat content ranged from
0.2 to 3.05 % (Table 1).

The content of OCPs

Concentrations of OCPs were presented
for individual organochlorine compounds
and as the sum of total OCPs present in
individual samples. Results are shown in
the Table 2.

Table 1.
Characteristics of the analysed samples
Saﬂ;ple ID of individuals in the aggregated sample SheLL:ﬁ;gth F?'EA)C\?v.nvf/l.a)m
NP1 1 4.5 0.53
NP2 2 4.8 0.66
NP3 3 4.9 0.25
NP4 4and5 5 1.82
NP5 6 and 7 5.2 0.20
NP6 8 54 0.43
NP7 9, 10, 11, 12, 13, 14 and 15 5.7 0.88
NP8 21 and 22 5.8 0.51
NP9 16, 17, 18, 19 and 20 5.6 0.66
NP10 23 and 24 5.9 1.06
NP11 25, 26, 27, 28, 29, 30, 31, 32 and 33 6.0 0.75
NP12 34 and 35 6.1 1.55
NP13 36 6.2 2.03
NP14 37.38 and 39 6.3 2.03
NP15 40 6.4 2.59
NP16 41. 42. 43 and 44 6.5 2.64
NP17 45 6.6 2.25
NP18 46. 47. 48 and 49 6.7 1.20
NP19 50 and 51 7 1.38
NP20 53 and 54 6.8 1.90
NP21 55 and 56 7.1 1.78
NP22 52 and 57 7.4 3.05
NP23 60 8.3 1.21
NP24 61 8.4 2.85
NP25 58 and 59 7.5 2.12
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When the amount of analyzed compounds
was lower than the limit of detection,
compounds were reported as not detected
(ND). LoD was 0.02, 0.70, 0.07, 0.16, 0.01
and 0.03 pg kg™ for aldrin, dieldrin, endrin,
cis-, oxy- and trans-chlordane, respect-
tively. The recovery factors were 100, 101,
100, 99, 100 and 98 % for aldrin, dieldrin,
endrin, cis-, oxy- and trans-chlordane, res-
pectively.

The presence of oxy-chlordane was de-
tected in 24 out of 25 samples, and trans-
chlordane in all analyzed samples. Since
the content of any component analyzed
was not calculated for quantities less than
the method quantification limit, the content
of oxy-chlordane was expressed only in 5
(NP1-NP4 and NP17) samples out of 25 in
which it was detected, and trans-chlordane
in 10 (NP1-NP5, NP9, NP13, NP18, NP19
and NP24) samples out of 25, where its
presence was detected. The content of
oxy-chlordane ranged from 0.096 to 0.101
ug kg*w.w. and for trans-chlordane from
0.041 to 0.100pg kg'w.w. So, in all ana-
lyzed samples, the presence of chlordane
(its trans-isomer or its metabolite oxy-chlo-
rdane) was detected.

In all of the analyzed samples, aldrin was
present in quantities above the detection
limit, but its content was calculated for the
two samples (NP13, and NP18) because it
was above the method quantification limit
for aldrin and it ranged from 0.071 to 0.105
ug kg 'w.w.

The presence of dieldrin was detected in
13 samples, whereas only in three sam-
ples (NP2, NP9 and NP18) it was possible
to quantify its content (0.192, 0.370 and
0.365 ug kg'w.w., respectively).

Endrin was present in all samples in
concentrations greater than the method
detection limit. However, only in two sam-
ples, (NP9 and NP13), the content was
greater than the method quantification limit
(0.225 and 0.266 ug kg* w.w., respec-
tively).

It was possible to calculate the content of
total analyzed organochlorine pesticides
only in 11 samples (NP1-NP5, NP9, NP12,
NP13, NP17-NP19 and NP24), ranging
from 0.042 to 0.646 pg kg™ 'w.w.

The relative exposure time of analyzed
sample to the aldrin and trans-chlordane
could be estimated on the basis of the
ratio of the metabolite (dieldrin and oxy-
chlordane) compared to the parent com-
pound (Di Muccio et al., 2002).

The ratio between the amount of dieldrin
and aldrin could be calculated only for
sample 18 and it was greater than 1 (diel-
drine/aldrine=5.14). On the other hand, the
ratio between the amount of oxy-clordane
and trans-chlordane was calculated for
samples NP1-NP4 (because only in these
samples the content of both trans- and
oxy- chlordane was determined). In these
samples this ratio was >1 (1.38, 1.74, 2.46
and 2.06, respectively). Higher amount of
the aldrin and trans-chlordane metabolites
compared to the parent substances may
refer to the historical intake of aldrin and
trans-chlordane, or the exposure of the
analyzed organisms to dieldrin and oxy-
chlordane, or dieldrin and oxy-chlordane
being created as a result of degradation of
parent compounds by the environmental
conditions and the absence of metabolic
systems for the breakdown and transfor-
mation of oxy-chlordane and dieldrin in
date mussel.

Tables 3, 4 and 5 provide a percentage of
the total number of analyzed samples that
could be consumed by the estimated
number of meals during the month, ac-
cording to the guidelines provided by the
EPA due to chronic cancer and non-
cancerous effects (EPA, 2000) of chlor-
dane, dieldrin and endrin in relation to the
content in the tissue of date mussel.

In all 25 analyzed samples, the pesticide
content, calculated on a serving size base
i.e. 0.227 kg, was far below the limit per-
mitted for the monthly consumption of
more than 16 such meals.

The limit in organochlorine pesticide con-
tent for shellfish has not been set in the
European Union. In Bosnia and Herzego-
vina, the content of aldrin, dieldrin, endrin
and chlordane in food is regulated by the
Regulation on the quantities of pesticides
and other toxic substances, hormones, an-
tibiotics and mycotoxins (Pravilnik, 1983).
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However, the Regulation does not expli-
citly state the allowed aldrin and dieldrin
contents in shellfish, but provides the limits
for these contaminants in meat, fat and
meat products.

According to this Regulation, the permitted
content for aldrin and dieldrin in meat, fat
and meat products, is 0.1 mg kg™. The li-
mits for endrin and chlordane are given re-

gardless on the type of food and they are
0.001 mg kg™ for endrin and 0.05 mg kg™
for chlordane.

The content of the analized organochlorine
pesticides, determined by our study in da-
te mussel is far below these limits, and, on
the basis of these results, date mussel
from the Neum bay could be evaluated as
safe for consumption.

Table 2.

Concentration of individual and total OCPs (ug/kg w.w.) in date mussel tissue samples

Sample CIs- OXY- TRANS-

|Dp ALDRIN — DIELDRIN  ENDRIN ;) oRpANE ~ CHLORDANE  CHLORDANE zoce

NP1 <0.070% <0.240 <0.230 NDP 0.099 0.072 0.171
NP2 <0.070 0.192 <0.230 ND 0.096 0.055 0.343
NP3 <0.070 ND <0.230 ND 0.101 0.041 0.142
NP4 <0.070 <0.119 <0.230 ND 0.099 0.048 0.147
NP5 <0.070 ND <0.230 ND <0.095 0.100 0.100
NP6 <0.070 <0.240 <0.230 ND <0.095 <0.040 ND
NP7 <0.070 <0.240 <0.230 ND <0.095 <0.040 ND
NP8 <0.070 <0.240 <0.230 ND <0.095 <0.040 ND
NP9 <0.070 0.370 0.225 ND <0.095 0.051 0.646
NP10 <0.070 ND <0.230 ND <0.095 <0.040 ND
NP11 <0.070 <0.240 <0.230 ND <0.095 <0.040 ND
NP12 <0.070 ND <0.230 ND <0.095 <0.040 ND
NP13 0.105 <0.240 0.266 ND <0.095 0.051 0.422
NP14 <0.070 ND <0.230 ND <0.095 <0.040 ND
NP15 <0.070 <0.240 <0.230 ND ND <0.040 ND
NP16 <0.070 ND <0.230 ND <0.095 <0.040 ND
NP17 <0.070 ND <0.230 ND 0.098 <0.040 0.098
NP18 0.071 0.365 <0.230 ND <0.095 0.054 0.490
NP19 <0.070 <0.240 <0.230 ND <0.095 0.052 0.052
NP20 <0.070 ND <0.230 ND <0.095 <0.040 ND
NP21 <0.070 ND <0.230 ND <0.095 <0.040 ND
NP22 <0.070 ND <0.230 ND <0.095 <0.040 ND
NP23 <0.070 ND <0.230 ND <0.095 <0.040 ND
NP24 <0.070 <0.240 <0.230 ND <0.095 0.0420 0.042
NP25 <0.070 ND <0.230 ND <0.095 <0.040 ND

<" values indicate concentrations below the quantification method limit; PND - not detected

Table 3.

Monthly shellfish consumption limits for carcinogenic and noncarcinogenic health endpoints for
chlordane in relation to the concentration found in date mussel collected from the Neum bay

Shelfish MAC"® c > MAC® MAC® ¢ > MAC®

meals/month® (g g™ waw) %) (g g™ waw) %)
>16 0-0.015 100 0-0.0084 100

16 >0.015-0.29 0 >0.0084-0.017 0

12 >0.29-0.39 0 >0.017-0.022 0

8 >0.39-0.59 0 >0.022-0.034 0

4 >0.59-1.2 0 >0.034-0.067 0

3 >1.2-1.6 0 >0.067-0.089 0

2 >1.6-2.3 0 >0.089-0.13 0

1 >2.3-4.7 0 >0.13-0.27 0

alThebassumed serving size is 0.227 kg of shellfish tissue
MAC" — maximum allowable concentrations due to chronic non-cancerous effects
MAC® — maximum allowable concentrations due to chronic cancerous effects
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Table 4.

Monthly shellfish consumption limits for carcinogenic and non-carcinogenic health endpoints for
dieldrine in relation to the concentration found in date mussel collected from the Neum bay

. b c c
meirsim(s)ﬂtha (pg'\gﬁ\c\/:v.w.) ¢ >MAC’ (%) (pg'\gﬁ\c\/:v.w.) ‘ >(|‘\’2§\C
>16 0-0.015 100 0-0.00018 100
16 >0.015-0.029 0 >0.00018-0.00037 0
12 >0.029-0.039 0 >0.00037-0.00073 0
8 >0.039-0.059 0 >0.00073-0.0015 0
4 >0.059-0.12 0 >0.0015-0.067 0
3 >0.12-0.16 0 >0.067-0.002 0
2 >1.6-2.3 0 >0.002-0.0029 0
1 >2.3-4.7 0 >0.0029-0.0059 0

aThehassumed serving size is 0.227 kg of shellfish tissue
MAC" — maximum allowable concentrations due to chronic non-cancerous effects
MAC® — maximum allowable concentrations due to chronic cancerous effects

Table 5.

Monthly shellfish consumption limits for carcinogenic health endpoints for endrin in relation to the
concentration found in date mussel collected from the Neum bay

Shelfish meals/month? MAC c>MAC
(Mg 9—1 wW.w.) (%)
>16 0-0.088 100
16 >0.088-0.18 0
12 >0.18-0.23 0
8 >0.23-0.35 0
4 >0.35-0.7 0
3 >0.7-0.94 0
2 >0.94-1.4 0
1 >1.4-2.8 0

% The assumed serving size is 0.227 kg of shellfish tissue
MAC- maximum allowable concentrations due to chronic cancerous effects

According to the American Food and Drug
Administration (FDA), limits for aldrin,
dieldrin and chlordane in the edible parts
of molluscs are 0.3 mg kg™ (FDA, 2005).
The content of these OCPs in our samples
is far below the mentioned limit and there-
fore, according to the FDA issued regu-
lations, date mussel from the Neum bay
could be evaluated as safe for consum-
ption.

The content of PCBs

Table 6 gives an overview of the concen-
tration of individual congeners and total
PCBs expressed in ug kg™* of wet weight.
When the amount of PCB was lower than

the limit of detection (LoD was 0.21, 0.28,
0.13, 0.22, 0.23, 0.19 and 0.09 for PCB28,
PCB52, PCB101, PCB118, PCB153,
PCB138 and PCB180, respectively) com-
pounds were reported as not detected
(ND). The recovery factors were 100, 102,
99, 99, 100, 103 and 99% for PCB28,
PCB52, PCB101, PCB118, PCB153,
PCB138 and PCB180, respectively. Our
study has shown that the content of the to-
tal seven PCBs in samples of date mussel
soft tissue, ranged between 17.19 and
135.37 pg kg'w.w.

Concentrations of individual congeners
ranged from undetectable to the value of
59.72 ug kg™ w.w. (PCB101 sample NP5).



Elma Omeragic¢ et al., The content of polychlorinated biphenyls and organochlorine pesticides in tissues of date mussel

(Lithophaga lithophaga, L., 1758) from the Sarajevo fish market, Food and Feed Research, 43 (1), 9-18, 2016

Table 6.
Concentration of indicator PCB congeners and total PCBs (ug kg'l w.w.) in date mussel tissue
samples
sample ID Concentration (ug kg™ w.w.)

PCB28 PCB52 | PCB101 PCB118 | PCB153 PCB138 PCB180 26PCB 27PCB
NP1 211 ND"° 2.87 2.43 26.09 3.22 1.16 35.45 37.88
NP2 2.18 ND 4.16 2.03 22.76 3.66 2.39 35.15 37.18
NP3 2.15 ND 3.52 2.23 24.42 3.44 1.78 35.31 37.54
NP4 2.21 ND 4.83 2.25 12.39 2.13 0.52 22.12 24.37
NP5 2.23 ND 59.72 25.93 34.34 11.99 1.16 109.44 135.37
NP6 2.05 ND 4.54 2.40 14.46 1.64 0.35 23.04 25.44
NP7 1.95 ND 8.73 6.27 17.79 5.32 1.91 35.70 41.97
NP8 1.87 ND 5.16 2.70 12.06 3.35 0.76 23.20 25.90
NP9 1.73 ND 15.71 7.51 16.60 5.72 1.89 41.65 49.16
NP10 1.78 ND 3.46 1.63 8.79 1.26 0.27 15.56 17.19
NP11 1.78 ND 10.33 4.96 11.67 3.82 1.14 28.74 33.70
NP12 1.45 ND 2.78 1.73 10.65 2.20 0.70 17.78 19.51
NP13 2.23 ND 2.72 1.69 13.12 2.04 0.53 20.64 22.33
NP14 5.43 13.58 <0.43% ND <0.63 ND ND 19.01 19.01
NP15 1.75 ND 3.65 2.53 13.61 3.15 1.34 23.50 26.03
NP16 2.66 5.48 1.80 1.16 6.91 1.68 0.57 19.10 20.26
NP17 5.58 18.39 2.15 1.26 8.61 1.08 0.39 36.20 37.46
NP18 2.13 ND 5.86 2.90 23.87 3.26 1.66 36.95 39.85
NP19 1.90 <0.94 26.39 10.40 19.35 6.18 1.37 55.19 65.59
NP20 1.83 ND 14.09 6.01 21.20 4.76 1.77 43.65 49.66
NP21 5.01 28.97 0.63 <0.73 <0.63 ND <0.30 34.61 34.61
NP22 10.48 11.98 3.18 <0.73 0.69 3.15 7.92 37.41 37.41
NP23 ND 23.20 <0.43 <0.73 <0.63 ND ND 23.32 23.32
NP24 <0.69 ND 46.55 23.24 29.46 14.28 1.22 91.31 114.55
NP25 5.25 20.39 12.43 6.43 12.62 4.44 0.72 55.82 62.25

4 <" values indicate concentrations below the quantification method limit; P ND- not detected

The PCBs congeners profile is graphically presented in Figure 1.
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Figure 1. Distribution of PCBs in date mussels samples

The average contents of individual con-
geners PCB28, PCB58, PCB101,
PCB118, PCB138, PCB153 and PCB180
in samples of date mussels analyzed in
our study were 2.63, 4.14, 9.98, 4.95,
3.87, 14.6 and 1.32 ug kg™ w.w., respect-
tively. The dominant congeners both in our
samples and samples of shellfish of other

researchers (Khaled et al., 2004; Kozul et
al., 2010; Scarpato et al., 2010; Nuro and
Marku, 2012) were PCB101, PCB118,
PCB138 and PCB153. This congeners
profile corresponds to the fact that poly-
chlorinated biphenyls with a higher content
of chlorine are accumulated in marine or-
ganisms in higher percentages in relation
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to lower-chlorinated PCBs (Catsiki et al.,
2003).

Specifically, the degradation of PCBs in
the environment depends on the degree of
molecular-based chlorination of biphenyl,
and generally speaking, higher chlorinated
polychlorinated biphenyls are more per-
sistent in environmental conditions. Fur-
thermore, the microorganisms have ability
of rapid degradation of mono-, di- and tri-
chlorobiphenyls, and slow degradation of
tetrachlorobiphenyls, while higher chlori-
nated biphenyls are resistant to biodegra-
dation by microorganisms (Beyer and
Bizuiuk, 2009).

On the other hand, for PCB 180 (hep-
tachlorobiphenyl) our study proved that in
the date mussel it was present the lowest
concentration of all analyzed congeners
(from <ND to 7.92 pg kg*w.w.), and si-
milar results were obtained by some other
authors (Catsiki et al., 2003). This result
was expected, bearing in mind the fact
that the degree of bioaccumulation de-
pends on the number of chlorine atoms
and hydrophilicity expressed as an octa-
nol/water partition coefficient (K,,). Na-
mely, congeners with high K,, values are
less bioavailable for shellfish, because of
their greater affinity to bind for the sedi-
ment. Thus, by the congeners 180 lower
concentration in mussels could be ex-
plained with its high-affinity to bind to the
sediment (Beyer and Bizuiuk, 2009).

The presence of low-chlorinated PCBs in
shellfish such as PCB28 and PCB52 may
indicate recent exposure. In the analyzed
samples, in our study, both mentioned
congeners have been detected, so, based
on this data one could suspect a recent
exposure of analyzed population of date
mussel by these contaminants. However,
since it is about the congeners of low re-
lative molecular weight which are cha-
racterized by a strong degree of transfer
by air, it is difficult to say that this finding
was caused by the recent exposure of or-
ganisms from a local source of conta-
mination (Beyer and Bizuiuk, 2009).

The European Union provides a limit for
the content of the sum of six indicatory
PCBs (PCB28, PCB52, PCB101, PCB138,
PCB152, and PCB180) in mussel tissues

which is 75 ng g™ of a wet weight (Com-
mission regulation (EU) No 1259/2011).
The content of six PCBs greater than 75
ng g w. w. was present in two out of 25
analyzed samples. According to these re-
sults, the date mussel from the Neum bay
could be assessed as a food product that
meet the criteria of the European Union
Regulation regulating, among other mat-
ters, the content of the analyzed sub-
stances present in food placed on the EU
market.

CONCLUSION

The determined content of OCPs and
PCBs in the samples of L. lithophaga col-
lected from the Sarajevo fish market was
within the range acceptable for the use in
human nutrition according to the current
regulations in Bosnia and Herzegovina
and the European Union. By comparing
with the EPA’s risk tables for the chronic
exposure, the concentration of OCPs was
in the range acceptable for use in human
nutrition. Furthermore, since it is about the
foodstuffs for which, due to the law ban on
fishing and market price, it could be ge-
nerally assumed to have a low frequency
of consumption, it probably does not pose
a significant risk to public health. Certainly,
there is a need for more precise research
on consumption frequency of shellfish, es-
pecially among the local population, in or-
der to evaluate the risk and if necessary,
establish the guidelines to protect public
health.
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CAAPXAJ NONMINXJTOPOBAHUX BU®EHUJIA U OPTAHOXITOPHMUX
NMECTULMOA Y TKUBY NPCTALA (Lithophaga lithophaga, L., 1758) U3
PUBAPHULA Y CAPAJEBY

Enma E. Omeparuh*, Anekcangpa A. MapjaHosuh, JacmuHa J. hehuberosuh, Amuna A. [lobpauya,
Mupocnas M. LoGep

Yuusepsutet y CapajeBy, Papmaueytcku pakyntet, 71000 CapajeBo, 3maja og bocHe 8, BocHa u
XepuerosnHa

CaxerTak: [loctojaHu opraHcku nonytaHtu (MOlc) cy xemujcke cyncTaHue Koje cy nocrane
npobnem rnobanHnx pasmepa 300r CNOCOGHOCTM AYrogOMETHOr TpaHCnopTa, MOCTOjaHOCTU Yy
OKOMWHK, Broakymynaumje, TOKCUMHOCTM U MOCHeQUYHO pu3uka of WTeTHUX edekata Ha 3gpaBribe
TbYAN U Ha XXMUBOTHY CPeauHY.

Y oBOM pagy je aHanuaupaH cagpxkaj cegam ogabpaHux KOHreHepa MONUXITOPOBAHUX
oudgenunna (PCBs, IUPAC Nos. 28, 58, 101, 118, 138, 153 i 180), Te WeCT opraHOXNOpHUX nectuumnga
W TO, angpuwHa, AuenapuHa, eHApvHa, Juc-xropdaHa, mpaHc-xrnopgaHa W OKcu-xnopgaHa 'y
npctauuma (Lithophaga lithophaga L., 1758) cakynibeHum y pubapHuuama Ha nogpydjy Capajea
(BocHa n XepueroBuHa). OBa BpcCTa LWKOSbKalla, KapakTepucTMyHa NO CBOM CMOPOM pacTy,
pacnpocTpareHa je no uenom MegutepaHy. Y BocHu n XepuerosuHu (buX) jow yBek Huje 3aKOHOM
3awTuheHa, Te ce Ha TpxuwTy BbruX y cnobogHoj npoaaju mory Hahu npcTaum U3noBIbEHN Y NOAPYYjy
Heymckor 3anuBa (JagpaHcko mope).

Y pagy cy npuMmeweHe MeTode racHe xpomaTorpaduje M ekcTpakuuje passujeHe Y
nabopartopujuma HopBelukor MHCTUTYTa 3a ucTpaxmBarwe Boga (HVBA, Ocno). Y3opum LWKOSbKU
(n=61) cy 6unu gyxuHe 4,5-8,4 cm. Cagpxaj yKynHUX OpraHoOXmnopHuxX nectuumga je 6mo Husak (y
pacnoHy of HegeTekTabunHux BpegHoctn o 0,419 g kg'1 C.M.), Aok ce cagpxaj 27PCBs kpeTao y
pacnoHy o, 20,26 o 135,37 ug kg'1 C.M. [JOMMHAHTHWN KOHreHepW NONNXITOPOBaHNUX BudeHMna y CBUM
aHanuampaHuMM ysopuuma cy ounm 101, 118, 153 1 180.

Krby4He peum: wkKosrbKke, nocmojaHu op2aHCKU MoslymaHmu, rosuxiaoposaHu bugheHurnu,
opaaHoX/I0pHU necmuyudu, buomapkep U3noXxeHOCMU
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