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Abstract

Persistent organochlorine pollutants like polychlorinated biphenyls (PCBs) and dichloro diphenyl trichloroethane
residues (DDTs) can still be a problem for the aquatic environment and human health. The levels of DDTs and
PCB congeners were determined in fish from the Bulgarian Black Sea coast. Four fish species with different feeding
behaviour, goby (Neogobius cephalargoides), sprat (Sprattus sprattus sulinus), horse mackerel (Trachurus Mediterraneus
ponticus) and shad (Alosa pontica pontica) were sampled from the Bulgarian Black Sea coast during 2007-2010.
The DDT and PCB residues were measured in clean fish extracts by gas chromatography with mass detection.
The main metabolite p,p’-dichloro diphenyl dichloroethylene was the most frequently detected compound in all
fish species and was present in much higher concentrations than the other DDTs (ranging from 119.32 to 1,324.44
ng/g fat). PCBs were found in all fish species at concentrations ranging between 135.1 ng/g fat in horse mackerel
and 990.8 ng/g fat in goby (calculated as the sum of 15 investigated congeners). The levels of DDTs and PCBs in
fish from Bulgarian Black Sea coast were comparable to those found in fish species from the Black Sea and from

neighbouring seas (the Marmara Sea, the Aegean Sea and the Mediterranean Sea).
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1. Introduction

Pollution by persistent organic compounds, such as
polychlorinated biphenyls (PCBs) and organochlorine
pesticides (OCPs) like dichloro diphenyl trichloroethane
residues (DDTs), has spread all over the world as evidenced
by their detection both in humans and wildlife. (Borghesi
et al., 2008; Smith and Gangolli, 2002). PCBs and OCPs are
generally found in the environment as complex mixtures,
their presence often reflecting local anthropogenic impacts.
These lipophilic contaminants are very persistent, widely
distributed in the environment and exhibit the potential
for bioaccumulation (Thomson and Rose, 2011). In marine
organisms, the uptake of chlorinated compounds occurs
directly from the sea and through the food chain. (Serrano
et al., 2008, Storelli and Marcotrigiano, 2006; Szlinder-
Richert et al., 2008).

PCBs are commonly used in many industrial activities
since they make up the composition of some electrical
equipment and ship paint. DDT is a chlorinated pesticide
widely used in the past to control the spread of insects

and other agricultural pests. In the environment DDT
metabolised slowly and the metabolite dichloro diphenyl
dichloroethylene (DDE) is a particularly persistent
compound (Weijs et al., 2010). In biological systems,
several of these chemicals are potentially carcinogenic
and may cause alternations in the endocrine, reproductive
and nervous system (Langer et al., 2003).

OCPs and PCBs are found in various parts of the environment
in quite small concentrations, but they accumulate and
thus become a threat to human health and life (Kurt and
Ozkoc, 2004; Maldonado and Bayona, 2002). Although
the manufacture and use of these compounds is banned or
highly restricted, residues of polychlorinated compounds
continue to be detected in the blood and breast milk of
humans (Ennaceur et al., 2008). PCBs and organochlorine
pesticides were measured in sediments collected from the
Danube Delta and it was found that the Danube River is a
potential source of contamination to the Black Sea (Covachi
et al., 2006; Fillman et al., 2002; Okay et al., 2009). Fish are
a suitable indicator for the pollution in aquatic ecosystems,
where trace contaminants are difficult to analyse directly.
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Human exposure to different environmental contaminants
(like PCBs and DDTs) is possible by several routes: inhalation
of air, dermal absorption and food consumption. Dietary
intake is the major route of uptake, representing more than
90% of the daily exposure to these compounds (Bayarri et al.,
2001). Foodstuff of animal origin, such as fish and seafood,
is recognised as one of the main contributors (European
Commission, 2000). Populations at higher risk than most are
those subsisting largely on fish and other marine organisms.
There are only a few data available on residue concentrations
of DDTs in fish and mammals from the Black Sea (Kalyoncu
et al., 2009; Weijs et al., 2010) and particularly from the
Bulgarian Black Sea coast (Stoichev et al., 2007).

The aim of this study was to determine the levels of DDT
(including its metabolites p,p’-DDE and p,p’-dichloro
diphenyl dichloroethane (p,p’-DDD)) and PCB congeners in
fish species from the Bulgarian Black Sea coast and to monitor
the accumulation of these pollutants during 2007-2010.

2. Materials and methods
Sampling and sample preparation

The fish species were selected according to their
characteristic feeding behaviour and importance to human
consumption in Bulgaria: goby (Neogobius cephalargoides),
sprat (Sprattus sprattus sulinus), horse mackerel (Trachurus
Mediterraneus ponticus) and shad (Alosa pontica pontica).
Goby is a non-migratory species that feeds mainly on
benthic organisms. Sprat is a small, pelagic marine fish
that feeds on planktonic crustaceans. Horse mackerel is a
pelagic, summer spawning fish with Mediterranean origin;
it feeds on different small fish (anchovy, sprat), crustaceans
and worms. Shad is a pelagic fish species; it migrates to
middle reaches of large rivers for spawning. It feeds on a
wide variety of zooplankton and small fish.

Samples were collected from different parts of the Bulgarian
Black Sea coast during 2007-2010. The map of the study area
is presented in Figure 1. The sampling strategy allowed the
entire Bulgarian Black Sea coast to be covered and includes
three important fishing regions: the north coast (near cape
Kaliakra, Krapec and Balchik), Varna Bay and the south
coast (Bourgas, Nessebar). The samples were transferred
immediately to the laboratory in foam boxes filled with ice
and were stored in a freezer (-18 °C) until analysis.

The number of fish collected in every sample at each location
varied between 30 and 40 for sprat and goby, between 15
and 25 for horse mackerel, and between 5 and 10 for shad.
The length and weight of each specimen were measured
and the fish were rinsed with distilled water to remove sand
and impurities. The edible portion of the same species was
homogenised using a blender; pools of about 300 g were
made with fillets taken from several individual fish.

Analytical methods

The analytical method for determination of residues of
OCP and PCB was based on BDS EN 1528:2001 of the
Bulgarian Institute for Standardization (Sofia, Bulgaria).
The edible tissues of fish were homogenised and sub-
samples of 20 g were taken for extraction. Each sample
was spiked with internal standards PCB 30 and PCB 204.
These standards were used to quantify the overall recovery
of the procedures. PCB and DDTs were extracted with
hexane/dichloromethane (3/1, v/v) in a Soxhlet apparatus.
After lipid determination, the extract was cleaned up on
a glass column packed with neutral and acid silica. PCBs
and DDTs were eluted with 80 ml n-hexane followed by
50 ml n-hexane/dichloromethane (80:20). The eluates were
concentrated to near dryness and reconstituted in 0.5 ml
in hexane.

Gas chromatographic analysis of the DDTs and PCBs
were carried out by a GC FOCUS (Thermo Electron
Corporation, Austin, TX, USA) using a POLARIS Q Ion
Trap mass spectrometer and equipped with an AI 3000
autosampler (Thermo Electron Corporation, Milan, Italy).
The experimental MS parameters were the following: the
ion source and transfer line temperatures were 220 °C and
250 °C, respectively. The splitless injector temperature
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Figure 1. Black sea map and sampling area (north coast, Varna
Bay and south coast).
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was 250 °C. For DDT determination the GC oven was
programmed as follows: 60 °C (1 min), 30 °C/min to 180
°C, 5 °C/min to 260 °C, 30 °C/min to 290 °C with a final
hold for 3.0 min. The PCBs experimental temperature
program used was: 90 °C for 1 min, then programmed 30
°C/min to 180 °C, 2 °C/min to 270 °C, 30 °C/min to 290
°C with a final hold for 3.0 min. Splitless injections of 1 pl
were performed using a TR-5ms capillary column (Thermo
Electron Corporation) coated with cross-linked 5% phenyl
methyl siloxane with a length of 30 m, 0.25 mm ID and a
film thickness of 0.25 um. Helium was applied as carrier
gas at a flow of 1 ml/min. The selectivity of the ion trap
mass spectrometry (IT-MS/MS) method was based on
the appropriate selection of parent ions for the detection
of each analyte by mass spectrometry extracted ion mode.

Pure reference standard solutions (EPA 625/CLP pesticide
mix 2,000 pg/ml purchased from Supelco (Bellefonte, PA,
USA) and PCB Mix 20 purchased from Dr. Ehrenstorfer
Laboratory, Augsburg, Germany) were used for instrument
calibration, recovery determination and quantification of
compounds. Measured compounds were: dichlorodiphenyl-
trichloroethane (p,p’-DDT) including its metabolites 1,1,-
dichloro-2,2-bis(4-chlorophenyl)ethane (p,p’-DDD) and
1,1,-dichloro-2,2-bis(4-chlorophenyl)ethylene (p,p’-DDE)
and 15 PCB congeners (IUPAC no. 28, 31, 52, 77, 101, 105,
118, 126, 128, 138, 153, 156, 169, 170 and 180).

The limit of detection (LOD) varied from 2 to 5 ng/g
lipid weight for PCBs and from 1 to 5 ng/g for the DDT
and its metabolites. The recoveries were within 73-108%.
Recoveries were determined by adding known amounts of
PCBs and DDTs standards (at three levels of concentrations)
to empty samples before extraction. The relative standard
deviation value was less than 16% (determined with five
times repeatedly).

Quality control

The quality control was performed by regular analyses of
procedural blanks and certified reference materials: BCR-
598 (DDTs in cod liver oil) and BB350 (PCBs in fish oil)
purchased from the Institute for Reference Materials and
Measurements of the European Commission. Recoveries
of DDTs from the certified reference material BCR-598
were: 97.5% for DDE, 103.4% for DDD and 85.4% for DDT.
PCB recovery was in the range 85-119% for individual
congeners. All calculations were carried out using MS Excel
for Windows on the basis of linear equation.

Statistical analysis

Statistical analysis was carried out on the lipid-normalised
organochlorine concentrations. DDTs and PCBs
concentrations were log, ,-transformed to approximate a
normal distribution of the data. The statistical analysis of
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the data was based on the comparison of average values by a
t-test, a significance level of P<0.05 was used. All statistical
tests were performed using SPSS 16 software (SPSS Inc.,
Armonk, NY, USA).

3. Results and discussion
DDT and its metabolites

The experimental results for goby, sprat, horse mackerel and
shad from different sampling sites showed no significant
differences between the northern and southern coast
sampling area (P>0.05). The fish species studied do not
present any trend in the geographical variations and
cannot be used to assess the sources of pollution. The
lipid content and average annual concentrations of DDT
and its metabolites DDE and DDD in the edible parts of
investigated species from the Black Sea coast of Bulgaria
are shown in Table 1.

Lipid determination was performed on an aliquot of the
extract (1/5) before clean-up. The lipid percentage ranged
from 2.2+1.2% in goby to 22.8+6.7% in shad. The whole-
body lipid percentage in sprat was 6.4+1.7%. (Table 1). The
lipid content of fish tissue is influenced by several factors,
such as sex, age, species, nourishment and spawning status
(Voorspoels et al., 2004).

The main metabolite p,p’-DDE was the most frequently
detected compound in the marine species investigated and
was present in much higher concentrations than the other
DDTs (ranging from 119.32 to 1,324.44 ng/g fat). p,p’-DDD
concentrations was found in all samples at levels ranging
from 75.53 (horse mackerel in 2010) to 507.32 ng/g fat (goby
in 2009). p,p’-DDT was found at annual concentrations
between 31.19 and 400.98 ng/g fat. In 26.6% of the goby
samples p,p’-DDT was not found at detectable levels.

Statistical analysis of data showed no statistically significant
difference between the levels of DDTs in the years of study
(P>0.05). The highest concentrations of YDDTs had been
measured in 2009 (2,232.94 ng/g fat) in goby samples and
the lowest concentration was found in horse mackerel in
2010 (226.04 ng/g fat). In sprat and shad muscle samples the
levels of YDDTs ranged between 857.20 and 1,346.51 ng/g
fat and between 744.09 and 1,235.22 ng/g fat, respectively.

DDT was presented mainly in the form of its metabolites
p,p’-DDE and p,p’-DDD. This suggests that these pesticides
have not been used recently in agriculture after their ban. In
all tested samples, the residues were found in the order of
DDE > DDD > DDT and this is in agreement with the results
of other authors (Coelhan et al., 2006; Covachi et al. 2006;
Stoichev et al., 2007). Thus, p,p’-DDE was the principal
form of DDT in all the species studied, constituting between
49.0% and 75% of the total DDTs (Table 1). These findings
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Table 1. Lipid content (% and standard deviation) and concentrations of DDT and its metabolites (mean and range, ng/g fat).

Fish species Year  Lipids (%) DDE (ng/qg fat) DDD (ngl/g fat) DDT (ng/g fat) > DDT (nglg fat)
Goby (Neogobius cephalarges) 2007  2.90+1.1 556.67 133.72 115.00 805.39
(521.50-611.49) (45.93-203.33) (nd-345.00) (657.41-1,085.36)
2008  2.66+0.9 807.58 212.00 135.56 1,155.15
(324.77-2,020.2) (93.56-423.57) (nd-389.78) (515.77-2,833.9)
2009  1.15%0.3 1,324.64 507.32 400.98 2,232.94
(630.91-1,881.46) (328.47-794.27) (272.22-688.23) (1304-2,923.63)
2010  1.06+0.5 881.57 266.69 34.09 1,182.35
(621.00-1,142.14) (213.40-319.98) (nd-68.18) (834.40-1,530.30)
Sprat (Sprattus sprattus) 2007  4.74+15 741.81 421.95 151.87 1,315.63
(670.22-813.39) (384.98-458.91) (123.84-179.90) (1,235.11-1,396.14)
2008  7.14+2.6 528.73 239.02 89.45 857.20
(670.22-813.39) (147.44-330.60) (69.43-109.47) (518.21-1,196.19)
2009  7.40+2.9 727.82 382.06 133.07 1,242.96
(692.93-762.71) (325.95-438.18) (52.15-213.99) (1,140.81-1,345.11)
2010  3.99+0.6 829.92 388.72 127.87 1,346.51
(319.66-1,720.91) (177.07-805.19) (53.39-271.64) (550.11-2,798.74)
Horse mackerel (Trachurus 2007  11.46x1.7 286.32 130.32 52.84 469.47
mediterraneus ponticus) (174.01-453.13) (86.34-196.50) (nd-88.86) (260.35-738.49)
2008  7.36+3.2 404.20 205.65 87.94 697.79
(148.47-566.96) (93.84-298.93) (nd-185.18) (241.88-1,051.07)
2009  16.84%5.9 295.62 237.14 64.61 597.37
(171.59-546.15) (239.40-388.17) (938.35-121.87) (418.27-1,056.19)
2010  10.51+1.3 119.32 75.53 31.19 226.04
(99.87-141.17) (54.81-102.050 (21.68-41.62) (197.86-284.83)
Shad (Alosa pontica pontica) ~ 2007 ~ 14.41+4.8 566.72 269.01 82.18 917.91
(130.66-1,002.79) (nd-164.36) (nd-164.36) (130.66 -1,705.16)
2008  25.45+10.7 426.50 234.65 82.93 744.09
(199.33-653.68) (11.36-352.95) (49.58-11.28) (365.27-1,122.90)
2009  27.51+3.5 587.36 258.81 120.82 966.99
(550.84-612.64) (175.14-316.56) (105.31-133.10) (893.09-1,039.53)
2010  18.13x2.7 804.39 330.22 100.60 1,235.22

(639.33-1,101.31)

(195.97-495.23)

(77.29-129.33)

(963.70-1,725.87)

nd = not detected.

are not surprising considering the high chemical stability

and hydrophobicity of p,p’-DDE and its long half-life and 100

persistence in both abiotic and biotic components of the

aquatic ecosystems (Perugini et al., 2004). = 80 11 |
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The average concentrations of individual DDTs were based =

on the total DDT to calculate the percentage ratio of the g 40
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(XDDT) in the analysed fish species (Figure 2). DDT profiles

in goby were as follows: 70.0% p,p’-DDE, 21.6% p,p’-DDD

|mpp-DDE mp,p-DDD Op,p-DDT

goby ' sprat horse mackerel  shad

and 8.4% p,p’-DDT. Fish species

In 26% of the goby samples and 20% of the horse mackerel
samples p,p’-DDT was not found in detectable levels. These
findings are not surprising considering the high chemical

Figure 2. Distribution pattern of DDTs in fish species coming
from the Black Sea. Each compound refers to the total DDT
pollution.
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stability and hydrophobicity of p,p’-DDE and its long half-
life and persistence in both abiotic and biotic components of
the aquatic ecosystems (Perugini et al., 2004). The highest
DDE values, found in goby (average 68% of total DDTs),
may be due to the greater metabolic efficacy of the benthic
organisms. Pelagic fish are also able to metabolise DDT but
their metabolic ratio values are lower than those reported
in benthic organisms (Perugini et al., 2004).

Levels of DDTs in goby, sprat, horse mackerel and shad (see
Table 2 and 3) were found in comparable levels to those
measured in similar fish species from neighbouring seas
(Marmara Sea, Adriatic Sea, Mediterranean Sea and Belgian
North Sea) (Coelhan et al., 2006; Kalyoncu et al., 2009;
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Voorspoels et al., 2004). In two studies (Tanabe et al., 1997
and Coelhan et al., 2006) total DDT concentrations were
given as 3,800 and 455.09 ng/g fat, respectively, for horse
mackerel samples from the Black Sea and the Marmara Sea.

Polychlorinated biphenyls levels

The fifteen congeners of PCB were analysed, including
the set of 7 indicators PCBs (IUPAC no. 28, 52, 101, 118,
138, 153 and 180) recommended by the European Union
for assessing the pollution by PCBs (Commission of
the European Communities, 1999) and also the ‘dioxin-
like’ PCBs (77, 105, 118, 156, 126, 169) used in order to
estimate the toxic equivalent concentrations (TEQs) of

Table 2. Polychlorinated biphenyls (PCBs; ng/g fat) concentration levels (mean values and range) determined in fish species goby

and sprat collected from the Black Sea.

Goby (Neogobius cephalarges)

Sprat (Sprattus sprattus)

PCB congeners 2007 2008 2009 2010 2007 2008 2009 2010
28*+31 29.1 40.9 55.9 103.2 78.0 49.2 471 29.9
(nd-50.5) (nd-84.6) (nd-142.2) (51.4-104.5)  (39.1-59.2) (41.5-52.8) (nd-89.6)
52* 134 61.0 37.9 nd 78.4 46.4 49.0 13.5
(nd-40.3) (31.4-87.7) (nd-117.3) (53.8-102.9)  (39.0-53.8) (41.5-56.6) (nd-27.1)
101* 733 76.0 775 nd 91.2 56.2 59.3 15.2
(33.8-123.5)  (38.6-162.0)  (nd-131.7) (65.9-116.5)  (38.3-74.1) (43.9-74.7) (nd-38.9)
77 nd nd nd nd nd nd nd nd
118* 40.6 99.6 117.6 nd 116.5 70.0 76.2 219
(nd-78.8) (52.9-168.0)  (nd-210.8) (80.9-152.2)  (50.6-89.5) (56.6-95.8) (nd-51.0)
153* 212.8 297.8 289.2 186.5 160.8 1124 148.2 112.5
(115.7-283.9)  (153.8-490.3) (94.1-431.7)  (140.0-233.1)  (105.8-215.8) (67.2-157.7)  (95.3-201.0)  (50.1-237.2)
105 217 69.4 21.7 nd 86.7 48.8 52.9 11.6
(nd-48.2) (40.1-88.4) (nd-138.5) (56.3-117.2)  (37.9-59.8) (42.2-63.6) (nd-27.8)
138* 199.6 2134 248.8 69.8 174.6 89.4 133.0 87.3
(99.4-260.8)  (114.7-333.7) (98.2-335.5)  (66.0-73.5) (113.7-235.5)  (67.1-111.7)  (81.7-184.3)  (34.0-190.6)
126 nd nd nd nd nd nd nd nd
128 14.9 13.6 nd nd 21.1 nd 226 10.9
(nd-44.8) (nd-68.0) (nd-42.2) (nd-45.2) (nd-26.1)
156 nd nd nd nd nd nd nd nd
180* 69.2 96.5 121.3 516 81.7 52.2 57.8 86.6
(nd-153.2) (46.2-125.8)  (nd-292.4) (nd-103.3) (52.8-110.7)  (36.6-67.9) (38.9-76.7) (34.5-158.2)
169 nd nd nd nd nd nd nd nd
170 36.0 226 nd 61.0 nd nd 38.4 79.4
(nd-73.1) (nd-62.5) (nd-122.0) (nd-76.7) (35.9-132.5)
>PCBs 716.7 990.8 975.9 472.2 889.0 524.7 684.5 468.6
(453-1,096)  (524.1-1,593) (380.4-1,569) (309.5-634.8)  (622.8-1,155) (375.7-673.7) (441.4-927.5) (202.6-978.8)
Y Indicator PCBs™  638.1 885.2 948.2 411.2 781.2 475.8 570.6 366.8
(383.4-930.2) (484.0- (380.4- (309.5-512.8)  (524.3- (337.7-741.9) (399.3-741.9) (153.2-792.4)
1,379.9) 1,430.8) 1,038.1)
nd = not detected:; * = indicator PCB.
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Table 3. Polychlorinated biphenyls (PCBs; ng/g fat) concentration levels (mean values and range) determined in fish species
horse mackerel and shad collected from the Black Sea.

Horse mackerel (Trachurus mediterraneus ponticus)

Shad (Alosa pontica pontica)

PCB congeners 2007 2008 2009 2010 2007 2008 2009 2010
28*+31 8.3 52.9 30.0 25.7 15.1 345 23.6 20.6
(nd-24.9) (23.8-72.9) (16.2-41.6) (23.1-28.9) (nd-30.2) (30.7-38.4) (15.9-27.7) (nd-38.4)
52* 26.5 48.7 26.4 3.0 371 39.3 20.5 284
(24.0-28.7) (19.7-66.1) (13.2-40.4) (nd-4.7) (26.1-48.2)  (33.0-45.5) (9.1-29.6) (18.7-43.0)
101* 241 50.5 33.6 nd 52.5 52.9 215 461
(19.9-30.7) (19.7-66.2) (18.8-59.5) (20.9-84.2) (38.7-67.0) (7.9-34.6) (23.4-84.5)
7 nd nd nd nd 10.1 nd nd nd
(nd-20.2)
118* 35.1 63.8 471 nd 82.0 84.7 327 86.3
(27.7-43.9) (25.9-78.7) (24.6-81.1) (27.9-136.1)  (58.6-110.8)  912.8-50.6)  (39.3-171.0)
153* 53.1 1191 122.7 294 118.8 114.0 51.3 148.9
(48.6-57.9) (71.3-137.0)  (74.9-199.2)  (20.5-39.7) (49.4-188.2)  (80.0-148.0)  (24.1-70.5) (83.9-275.1)
105 28.6 52.9 31.8 04 311 459 17.2 30.9
(24.4-31.9) (22.2-69.3) (16.3-47.9) (nd-1.7) (nd-62.2) (35.2-56.6) (5.8-32.2) (13.0-62.1)
138* 48.5 103 107.9 24.2 114.8 104.6 425 108.4
(42.9-56.9) (48.6-128.3)  (62.7-181.6)  (14.5-39.0) (50.0-179.5)  (72.1-137.2)  (20.7-69.6) (57.1-200.1)
126 nd nd nd nd nd nd nd nd
128 nd nd 26.3 nd 18.8 274 6.6 34
(14.0-38.6) (nd-37.6) (22.8-32.00)  (nd-19.90) (nd-10.3)
156 nd nd nd nd 10.4 10.5 nd nd
(nd-20.7) (nd-20.9)
180* 28.9 58.4 53.5 27.3 424 8515 229 50.6
(24.1-32.7)  (32.9-69.8) (29.9-81.5) (nd-44.2) (35.3-49.4) (27.4-43.6) (14.8-29.2) (30.5-84.5)
169 nd nd nd nd nd nd nd nd
170 nd 49 26.6 25.0 14.3 13.8 5.1 36.1
(nd-19.5) (16.5-34.2) (nd-34.3) (nd-28.6) (nd-27.6) (nd-15.2) (24.2-57.2)
> PCBs 2531 554.4 505.8 135.1 547 4 563 244.0 559.8
(236.5-282.6) (283.4-661.6) (287.1-805.6) (118.2-150.0) (209.6-885.1) (398.6-727.5) (126.6-359.3) (326.9-1015.8)
> Indicator PCBs*  253.1 496.6 4212 109.7 462.7 465.5 215.1 489.3
(210.7-250.7) (241.8-597.3) (240.3-684.9) (82.3-150.0)  (209.6-715.8) (340.6-590.4) (105.3-307.1) (285.0-896.5)

nd = not detected; * = indicator PCB.

PCB exposure, using the toxic equivalency factors (TEFs)
for fish developed by the World Health Organisation (Van
den Berg et al., 1998). The concentrations of the individual
substances in a sample are multiplied by their respective
TEF and subsequently summed to give total concentration
of dioxin-like compounds expressed in TEQs. The present
TEF scheme and TEQ methodology are primarily intended
for estimating exposure and risks via oral ingestion (e.g.
by dietary intake). On the other hand, the existence of
indicator PCBs is important for the prediction of degree
of lipophilic contamination although their toxicity is less
than that of dioxin-like PCBs.

The concentration ranges of the annual means of individual
PCBs congeners measured in fish species are shown in
Table 2 and 3. PCBs were found in all the marine species
at concentrations ranging between 135.1 ng/g fat in horse
mackerel and 990.8 ng/g fat in goby (calculated as the sum of
all the investigated congeners). The statistical test on ¥PCBs
levels indicated that the differences among average annual
concentrations were not statistically significant (>0.05).
The sum of the seven target congeners constituted between
75.2% and 98.2% of the PCBs.

The most abundant PCB congeners in all fish species
were the indicator PCBs constituting more than 80% of
the total amount of PCBs. The PCB pattern found in fish
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showed a predominance of PCB 153 followed by PCB 138,
180 and 118 for indicator PCBs. The predominance of
hexachlorinated PCBs in marine fish species, especially PCB
153 and PCB 138, has been reported by several authors for
different coastal areas in the Mediterranean (Naso et al.,
2005), in the Adriatic Sea (Bayarri et al., 2001; Perugini et
al., 2004) and in the Marmara Sea (Coelhan et al., 2006).
Although there were differences among the marine species,
PCB patterns were always dominated by a large contribution
from the hepta-, hexa-, and pentachlorinated PCBs 180, 153,
138 and 118. PCB 153 was the dominant congener in all
investigated species (Tables 2 and 3). The aforementioned
congeners are the most abundant in commercial PCB
mixtures, such as Aroclor 1254 and 1260, which are the
most commonly used in European countries (Naso et al.,
2005). The 153, 138, 180 and 118 congeners turned out to
be the most abundant, in part due to their high lipophilicity,
stability and persistence which facilitates the adsorption in
sediments and the accumulation in the aquatic ecosystem.

The experimental results indicate that PCB contamination
of fish from the Bulgarian Black Sea coast is comparable
to the results from the Marmara Sea, where average
concentrations (sum of seven PCB congeners) were found
in the range from 209.36 to 508.71 ng/g fat (Coelhan et al.,
2006). The levels of indicators PCBs found in the present
study are lower than the results of fish species from the
Gulf of Naples, the Mediterranean Sea (1,005.3-17,259.0
ng/g lipid weight) reported by Naso et al. (2005). Total PCB
levels in goby from the Belgian North Sea were found in the
range 860-3,200 ng/g lipid weight (Voorspoels et al., 2004).
The low levels of PCBs observed in fish tissues correspond
with the fact that there is no industrial production of PCBs
in Bulgaria.

The toxic ‘dioxin-like’ congeners (coplanar mono- and
non-ortho PCBs 77, 105, 118, 156, 126 and 169) showed the
lowest levels, especially the non-ortho congeners (PCBs 77,
126 and 169) with concentrations below the LOD for most
of the samples. Coplanar PCBs are used in order to estimate
the toxicity potential of PCB exposure. In our study, TEQs
of the 6 ‘dioxin-like’ congeners were calculated to be 0.25
pg TEQ/g wet weight (w.w.) for goby and 0.68, 0.64 and
2.73 pg TEQ/g w.w. for sprat, horse mackerel and shad,
respectively. The comparison of our TEQ values in fish with
those mentioned in the literature showed comparable levels
for TEQs in sardine from the Spanish Atlantic southwest
coast (0.75 pg/g w.w.) (Bordajandi, et al. 2006) and lower
levels in our study than those measured in salmon from
the Baltic Sea (12.6 pg/g w.w.) (Isosaari et al., 2006). The
European Union has not set a limit for PCBs in fish, but
there has been a proposal for a limit of 8 pg TEQ/g w.w. in
muscle meat of fish for the sum of dioxins and dioxin-like
PCBs (Commission of the European Communities, 2006).

Organochlorine residues in fish from the Black Sea

The PCB and DDT concentrations changed according
to species and, in particular, if we evaluated them on wet
weight. They would accumulate in the lipid fractions
and the fish with a high fat content would be the most
contaminated. A comparison of ¥XDDTs and YPCBs
(ng/g w.w.) found in fish samples during the study period
(2007-2010) is shown in Figure 3. DDTs are prevalent
contaminants in all investigated fish species. The order
in terms of DDTs concentrations (ng/g w.w.) was found
to be: shad > sprat > horse mackerel > goby. For PCBs the
order is: shad > horse mackerel >sprat > goby. The greatest
PCB concentrations were found in shad (69.2-140.25 ng/g
w.w.), which is the species with the highest fat content. The
lowest PCB concentrations were observed in goby samples
(15.9 ng/g w.w.).

The differences in feeding preferences and lipid content of
goby, sprat, horse mackerel and shad justify the large range
of observed DDT levels (from 15.56 to 282.27 ng/g w.w. in
goby and shad, respectively). Actually, in marine organisms,
habitat, physiologic factors, lipid content, geographical
origin and feeding behaviour are significant aspects that
explain pollutant storage and pollutant elimination. The
organochlorine pollution of the Black Sea ecosystem is
possibly due to influences of freshwater flows from the
Danube River into the Black Sea (Zhulidov et al., 2003). The
hypothesis of Zhulidov et al. is confirmed by the presence
of the highest concentrations of organochlorine pollutants
in shad (99.68 ng/g w.w.), which is a migratory species that
enters the Danube River for spawning. The levels of PCBs
found in the present study are in accordance with the results
of marine fish from the northern Adriatic Sea (33.6-177.0
ng/g w.w.) determined by Bayarri et al. (2001).

4. Conclusions

The main metabolite p,p’-DDE was the most frequently
detected compound in the marine species investigated and
was present in much higher concentrations than the other
DDTs (ranging from 119.32 to 1,324.44 ng/g fat). In all
investigated samples the residues of DDT were found in the
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order DDE > DDD > DDT, showing the lack of significant
fresh input of p,p’-DDT from the Bulgarian coast during
2007-2010 and reflecting the fact that countries around the
Black Sea banned the use of DDT in the early 1970s. DDTs
are prevalent contaminants in all fish species. PCBs were
found in all fish species at concentrations ranging between
135.1 ng/g fat in horse mackerel and 990.8 ng/g fat in goby
(calculated as the sum of all the investigated congeners).
The most abundant PCB congeners in all fish species were
the indicator PCBs constituting more than 80% of the total
amount of PCBs. The levels of DDTs and PCBs in fish from
the Bulgarian Black Sea coast were comparable to those
found in fish from the neighbouring seas (the Marmara
Sea, Aegean Sea and Mediterranean Sea).

Acknowledgments

This study was financed by the National Science Fund,
Ministry of Education and Science of Bulgaria (project
DVU 440/2008).

References

Bayarri, S., Baldassarri, L.T., Iacovella, N., Ferrara, F. and Di Domenico,
A.,2001. PCDDs, PCFDs, PCBs and DDE in edible marine species
from the Adriatic Sea. Chemosphere 43: 601-610.

Bordajandi, L.R., Martin, L., Abad, E., Rivera, J. and Gonzalez, M.].,
2006. Organochlorine compounds (PCBs, PCDDs and PCDFs) in
seafish and seafood from the Spanish Atlantic Southwest coast.
Chemosphere 64: 1450-1457.

Borghesi, N., Corsolini, S. and Focardi, S., 2008. Levels of
polybrominated diphenyl ethers (PBDEs) and organochlorine
pollutants in two species of Antarctic fish (Chionodraco hamatus
and Trematomus bernacchii). Chemosphere 73: 155-160.

Coelhan, M., Stroheimer, J. and Barlas, H., 2006. Organochlorine
levels in edible fish from the Marmara Sea, Turkey. Environment
International 32: 775-780.

Commission of the European Communities, 1999. Commission
decision 1999/788/EC of 3 December 1999 on protective measures
with regard to contamination by dioxins of certain products
of porcine and poultry origin intended for human or animal
consumption. Official Journal of the European Union L 310: 62.

Commission of the European Communities, 2006. Commission
Regulation (EC) No. 1881/2006 of 19 December 2006 setting
maximum levels for certain contaminants in foodstuffs. Official
Journal of the European Union L 364: 5.

Covaci, A., Gheorghe, A., Hulea, O. and Schepens, P,, 2006. Levels and
distribution of organochloride pesticides, polychlorinated biphenyls
and polybrominated diphenyl ethers in sediments and biota from
the Danube Delta, Romania. Environmental Pollution 140: 136-149.

Ennaceur, S., Gandoura, N. and Driss, M.R., 2008. Distribution
of polychlorinated biphenyls and organochlorine pesticides in
human breast milk from various locations in Tunisia: levels of
contamination, influencing factors, and infant risk assessment.
Environmental Research 108: 86-93.

European Commission, 2000. Assessment of dietary intake of dioxins
and related PCBs by the population of EU member states. European
Commission, Brussels, Belgium.

Fillmann, G., Readman, ].W., Tolosa, L., Bartocci, J., Villenueve, J.-P,,
Cattini, C. and Mee, L.D., 2002. Persistent organochlorine residues in
sediments from the Black Sea. Marine Pollution Bulletin 44: 122-133.

Isosaari, P, Hallikainen, A., Kiviranta, H., Vuorinen, PJ., Parmanne, R.,
Koistinen, J. and Vartiainen, T., 2006. Polychlorinated dibenzo-p-
dioxins, dibenzofurans, biphenyls, naphthalenes and polybrominated
diphenyl ethers in the edible fish caught from the Baltic Sea and
lakes in Finland. Environmental Pollution 141: 213-225.

Kalyoncu, L., Agca, I. and Aktumsek, A., 2009. Some organochlorine
pesticide residues in fish species in Konya, Turkey. Chemosphere
74: 885-889.

Kurt, P. and Ozkoc, H., 2004. A survey to determine levels of
chlorinated pesticides and PCBs in mussels and seawater from
the Mid-Black Sea Coast of Turkey. Marine Pollution Bulletin 48:
1076-1083.

Langer, P, Kocan, A., Tajtakova, M., Petrik, J., Chovancova, J., Drobna,
B., Jursa, S., Pavuk, M., Koska, J., Trnovec, T., Sebokova, E. and
Klimes, I., 2003. Possible effects of polychlorinated biphenyls
and organochlorinated pesticides on the thyroid after long-term
exposure to heavy environmental pollution. Journal of Occupational
and Environmental Medicine 45: 526-532.

Maldonado, C. and Bayona, ].M., 2002. Organochlorine compounds in
the north-western Black Sea water: distribution and water column
process Estuarine, Coastal and Shelf Science 54: 527-540.

Naso, B., Perrone, D., Ferrante, M.C., Bilancione, M. and Lucidano, A.,
2005. Persistent organic pollutants in edible marine species from
the Gulf of Naples, southern Italy. Science of the Total Environment
343: 83-95.

Okay, O.S., Karacik, B., Serden, B., Henkelmann, B., Bernhéft, S. and
Schramm, K.W., 2009. PCB and PCDD/F in sediments and mussels
of the Istanbul strait (Turkey). Chemosphere 76: 159-166.

Perugini, M., Lavaliere, M., Giammarino, A., Mazzone, P, Olivieri, V.
and Amorena, M., 2004. Levels of polychlorinated biphenyls and
organochlorine pesticides in some edible marine organisms from
the Central Adriatic Sea. Chemosphere 57: 391-400.

Serrano, R., Barreda, M. and Blanes, M.A., 2008. Investigating the
presence of organochlorine pesticides and polychlorinated biphenyls
in wild and farmed gilthead sea bream (Sparus aurata) from the
Western Mediterranean sea. Marine Pollution Bulletin 56: 963-972.

Smith, A.G. and Gangoli, S.D., 2002. Organochlorine chemicals in
seafood: occurrence and health concerns. Food and Chemical
Toxicology 40: 767-779.

Stoichev, T., Makedonski, L., Trifonova, T., Stancheva, M. and Ribarova,
F, 2007. DDT in fish from the Bulgarian region of the Black Sea.
Chemistry and Ecology 23: 191-200.

Storelli, M.M. and Marcotrigiano, G.O., 2006. Occurrence and
accumulation of organochlorine contaminants in swordfish from
Mediterranean Sea: a case study. Chemosphere 62: 375-380.

Szlinder-Richert, J., Barska, 1., Mazerski, J. and Usydus, Z., 2008.
Organochlorine pesticides in fish from the southern Baltic Sea:
levels, bioaccumulation features and temporal trends during the
1995-2006 period. Marine Pollution Bulletin 56: 927-940.

250

Quality Assurance and Safety of Crops & Foods 5 (3)



Tanabe, S., Madhusree, B., Ozturk, A.A., Tatsukawa, R., Miyazaki, N.,
Ozdamar, E., Aral, O., Samsun, O. and Ozturk, B., 1997. Persistent
organochlorine residues in harbour porpoise (Phocoena phocoena)
from the Black Sea. Marine Pollution Bulletin 34: 338-347.

Thomson, B. and Rose, M., 2011. Environmental contaminants in
foods and feeds in the light of climate change. Quality Assurance
and Safety of Crops & Foods 3: 2-11.

Van den Berg, M., Birnbaum, L., Bosveld, A.T.C., Brunstrom, B., Cook,
P, Feeley, M., Giesy, J.P., Hanberg, A., Hasegawa, R., Kennedy,
S.W., Kubiak, T., Larsen, J.C., Van Leeuwen, F.X,, Liem, A.K., Nolt,
C., Peterson, R.E., Poellinger, L., Safe, S., Schrenk, D., Tillitt, D.,
Tysklind, M., Younes, M., Waern, F. and Zacharewski, T., 1998. Toxic
equivalency factors (TEFs) for PCBs, PCDDs, PCDFs for humans
and wildlife. Environmental Health and Perspectives 106: 775-792.

Organochlorine residues in fish from the Black Sea

Voorspoels, S., Covaci, A., Maervoet, J., De Meester, I. and Schepens,
P, 2004. Levels and profiles of PCBs and OCPs in marine benthic
species from the Belgian North Sea and the Western Scheldt Estuary.
Marine Pollution Bulletin 49: 393-404.

Weijs, L., Das, K., Neels, H., Blust, R. and Covaci, A., 2010. Occurrence
of anthropogenic and naturally-produced organohalogenated
compounds in tissues of Black Sea harbour porpoises. Marine
Pollution Bulletin 60: 725-731.

Zhulidov, A.V,, Robarts, R.D., Headley, ].V., Korotova, L.G., Zhulidov,
D.A., Chernousov, S.Y., Khlobystov, V.V,, Pavlov, D.E., Lysenko,
V.S. and Korneev, V.V,, 2003. A review of riverine fluxes of
hexachlorocyclohexane and DDT to the Azov and Black Seas from
the former USSR and Russian Federation. Journal of Environmental
Science and Health Part A 38: 753-769.

Quality Assurance and Safety of Crops & Foods 5 (3)

251






