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Polychlorinated biphenyls (PCBs) can still be a problem for the aquatic environment. Fish 
species are a suitable indicator for the environmental pollution monitoring because they 
concentrate pollutants in their tissues directly from water. Concentrations of PCBs were 
measured in marine fish, collected from Bulgarian Black Sea coast in order to monitor the 
dynamics of these pollutants in 2007, 2010 and 2015. The fish species: goby (Neogobius 
melanostomus), sprat (Sprattus sprattus sulinus), horse mackerel (Trachurus Mediterraneus 
ponticus) and grey mullet (Mugil cephalus) were chosen because of their characteristic feeding 
behavior. The PCBs were determined by gas chromatography system with mass spectrometry 
detection. The Total PCBs ranged from 93.8 to 513.3 ng/g lipid weight (in grey mullet and 
goby, respectively). Levels of PCBs in goby and grey mullet decreased in 2010 and 2015. In 
order to assess the safety of fish as food were calculated TEQ. They are determined by the 
results of dioxin - like (dl) PCBs. TEQs were calculated from 0.01 to 0.04 pg TEQ/g ww and 
did not exceed the EC limit of 3 pg TEQ/g ww. The levels of PCBs in fish from Bulgarian 
Black Sea were comparable to those found in neighboring seas. 
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I. INTRODUCTION 
 
Polychlorinated biphenyls (PCBs) were listed as persistent organic pollutants (POPs) in the 

Stockholm Convention [1]. These chemicals are lipophilic, persistent, and accumulate through the 
food chain. The marine environment is particularly vulnerable to POPs because it acts as the final 
sink and consequently contains the major portion of these compounds [2].  

The European Union Water Framework Directive (WFD) lays down a strategy against 
pollution all European waters (rivers, lakes, ground and coastal waters) and the Environmental 
Quality Standards (EQS) for 33 priority substances and other 8 pollutants with the aim of achieving 
a good chemical status of surface water [3, 4]. The EQS is set for prey tissue (wet weight) and 
member states being able to choose “the most appropriate indicator from among fish, molluscs, 
crustaceans and other biota” [3]. Fish are used extensively for environmental monitoring, because 
they uptake contaminants directly from water and diet [5,6]. Generally, the ability of fish to 
metabolize organochlorines is moderate; therefore, contaminant loading in fish is well reflective of 



the state of pollution in surrounding environments [7]. Data on the presence and distribution of 
organochlorine contaminants in fish species are therefore important from ecological perspective [8]. 

The contamination of PCBs is a significant health problem because these compounds can 
cause several adverse effects to human health and wildlife survival [7,9]. For these reasons, most 
countries have restricted the use of PCBs since 1970s. PCBs are a group of chemicals primarily used 
in transformers, capacitors, paints and printing inks, and also in many other industrial applications.  

The Black Sea is the world largest land-locked sea. The north-western area is subject to the 
discharge of large rivers (the Danube, Dnieper and Dniester). The Black Sea is bordered by Bulgaria 
and Romania to the west, Ukraine to the north, the Russian Federation and Georgia to the east and 
Turkey to the south [10]. In the past, the Black Sea has been threatened with problems from 
chlorinated compounds as well as other chemical pollutants [11]. PCBs were investigated in 
sediments and waters from north-western Black Sea coastal areas [10,12].  

The purpose of this study was to determine the levels of polychlorinated byphenils in four 
fish species: goby, sprat, horse mackerel and grey mullet from the Bulgarian Black Sea coast and to 
monitor the presence and dynamic of these pollutants during the 2007 – 2015. 

 
II. 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 melanostomus), sprat (Sprattus 
sprattus sulinus), horse mackerel (Trachurus Mediterraneus ponticus) and grey mullet (Mugil 
cephalus). Fish goby is non-migratory species and feed mainly with benthic organisms. Sprat is a 
small, pelagic marine fish - it feeds on planktonic crustaceans. Horse mackerel is pelagic, summer 
spawning fish with Mediterranean origin; it feeds with different small fish (anchovy, sprat), 
crustaceans and worms. Grey mullet is an omnivorous and detritivorous scavenger feeding mainly 
on organic matter as well as plankton, benthic organisms and algae.  

Samples were collected from Black Sea coast of Bulgaria in 2007, 2010 and 2015. The 
samples were transferred immediately to the laboratory in foam boxes filled with ice and were 
stored in a freezer (-18oC) until analysis. The length and weight of each specimen were measured 
and rinsed with distilled water to remove sand and impurities. Biometric data for the various fish 
analyzed in this study is shown in Table 1.  
 
Table 1. Biometric data of fish from Bulgarian Black Sea coast 

Fish species n Lipids, % Length, cm Weight, g 

Goby (Neogobius melanostomus) 12 2.6±0.3 16.0 ± 2.3 60.3 ± 17 

Sprat (Sprattus sprattus) 10 8.9±0.9 8.5 ± 1.1 4.4 ± 0.7 
Horse mackerel (Trachurus 
mediterraneus ponticus) 11 15.6±1.7 12.9 ± 2.0 21.2 ± 12 

Grey mullet (Mugil cephalus) 10 9.2±0.8 32.0 ±2.5 351 ±9.6 
n – number of samples 



 
Each sample was prepared from soft tissue of several individual fish of similar sizes. The 

number of fish collected in every sample varied between 30 and 40 for sprat and goby, between 20 
and 25 for horse mackerel, and between 5 and 10 for grey mullet. The edible portion of the same 
species was homogenized using a blender; pools of about 300 g were made with fillets taken from 
several individual fish. 

 
Chemical analysis 
Samples were prepared according to a previously described method [13]. Twenty grams of 

homogenized fish tissue were mixed with 100 g of anhydrous sodium sulfate and was extracted with 
hexane / dichloromethane (3/1, v/v) in Soxhlet extractor for 16 h. Each sample was spiked with 
internal standards PCB 30 and PCB 204. The solvent was carefully evaporated and the lipid content 
was determined gravimetrically of an aliquot of the extract (1/5th). The extract was cleaned-up on a 
glass column (10x250 mm) packed with 2 g neutral silica, 4 g acid silica and 2 g neutral silica 
(Merck KGaA, Darmstadt, Germany). PCBs were eluted with 50 ml n-hexane (Sigma-Aldrich 
Chemie, Taufkirchen, Germany). The eluates were concentrated to near dryness and reconstituted in 
0.5 ml in hexane. One micro liter of purified extract was injected into GC/MS. 

Gas chromatographic analysis of PCBs were carried out by GC FOCUS (Thermo Electron 
Corporation, Austin, Texas, USA) using POLARIS Q Ion Trap mass spectrometer. Experimental 
MS parameters are the following: Ion source and Transfer line temperatures were 220oC and 250oC, 
respectively. The splitless Injector temperature was 250oC. The PCBs experimental temperature 
program was 90oC for 1 min, then programmed 30oC/min to 180oC, 2oC/min to 270oC, 30oC/min to 
290oC with a final hold for 3.0 min. Splitless injections of 1 μl were performed using a TR-5MS 
capillary column (Bellefonte, PA, USA) with a length of 30 m, 0.25 mm ID and a film thickness of 
0.25 μm. Helium was applied as carrier gas at a flow of 1 ml/min.  

Pure reference standard solution PCB Mix 20 (Dr. Ehrenstorfer Laboratory, Augsburg, 
Germany) was used for instrument calibration, recovery determination and quantification of 
compounds. Measured compounds were PCB congeners: IUPAC № 28, 31, 52, 77, 101, 105, 118, 
126, 128, 138, 153, 156, 169, 170, 180. The limits of quantification (LOQ) varied for individual 
PCBs from 0.2 to 0.5 ng/g lw. Each sample was analyzed three times and was taken an average of 
the results obtained. 

 
Quality control  
The quality control was performed by regular analyses of procedural blanks and certified 

reference material BB350 (PCBs in Fish oil) – Institute for Reference Materials and Measurements, 
European Commission. PCBs recovery from certified reference material varied in the range 85 -
106% for individual congeners. Procedural blanks and a spiked sample with standards were 
analyzed between each 5 samples to monitor possible laboratory contamination. Blanks did not 
contain traces of contaminants. 

 
 
 



 
III. RESULTS AND DISCUSSION 

 
The six indicator PCBs (IUPAC No 28, 52, 101, 138, 153, 180) are recommended by the 

European Union for assessing the pollution by PCBs [14]. 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 mean concentrations of Indicator PCB congeners in investigated fish 
species collected from the Black Sea in 2015 are present in Table 2.  

 
Table 2 Concentrations of Indicator PCBs (ng/g lipid weight, mean values and standard deviation) 
determined in fish collected from the Black Sea in 2015. 
 

Species n PCB 28 PCB 52 PCB 101 PCB 138 PCB 153 PCB 180 

goby 12 42.4±12.6 13.1±3.1 14.6±4.4 46.8±13.5 61.9±19.2 32.0±10.1 

sprat 10 19.2±5.8 22.8±7.1 20.2±6.2 36.2±21.2 46.9±11.9 28.9±9.8 

horse 
mackerel 11 7.8±2.6 7.8±3.1 7.9±3.6 19.5±6.2 25.8±8.2 9.8±3.2 

grey mullet 10 28.0±6.9 6.5±2.3 <0.2 24.3±6.7 28.6±8.7 12.3±2.8 

n - number of samples 
 
The PCB patterns were always dominated by a large contribution from the hepta- and 

hexachlorinated PCBs 180, 153 and 138 in all investigated species (Table 2). 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 Marmara Sea [15], in the Adriatic Sea [16,17] and in 
the Mediterranean [18].  

The concentration levels of individual PCBs congeners in fish species sampled in 2007 and 
in 2010 were described in our previous study [13,19]. The data of our previous studies were 
summarized and the Sum of six I-PCBs congeners (mean values) was presented for fish species 
investigated in order to compare the results to the levels of PCBs in 2015. The concentration ranges 
of the annual means of Total PCBs measured in fish species in 2007, 2010 and 2015 are shown in 
Figure 1.  

The differences in feeding preferences and lipid content of goby, sprat, horse mackerel and 
grey mullet justify the large range of observed PCBs levels. Actually, in marine organisms, habitat, 
physiologic factors, lipid content, geographical origin and feeding behaviour, are significant aspects 
that explain pollutants accumulations and pollutants elimination [20].  
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Fig. 1. Total I-PCBs of the annual mean concentrations, ng/g lw in fish species from Black Sea, 

Bulgaria 
 

Total Indicator PCBs were found in all marine fish at concentrations ranging between 78.6 
ng/g lipid weigh (lw) (horse mackerel 2015) and 420.5 ng/g lw (goby 2007). The statistical test on 
PCBs levels indicated that the differences among average annual concentrations were statistically 
significant (p<0.05) in goby and grey mullet. Levels of PCBs in goby and grey mullet decreased in 
2010 and 2015. The experimental results showed no significant differences between mean annual 
sum of I-PCBs in sprat and horse mackerel sampled in 2007, 2010 and 2015. 

The lowest PCBs concentrations were observed in horse mackerel. Due to its low trophic 
position horse mackerel possibly accumulates relatively small amounts of organochlorines. The 
statistical test indicated that the levels of PCBs found in goby were significantly higher than those 
detected in horse mackerel (p<0.05, t=0.001). Horse mackerel migrate from the Marmara Sea into 
the Black Sea in summer. This behavior makes interpreting contaminant levels in migratory fish 
difficult regarding different geographical environments. Consequently, these species could not be 
expected to offer a reliable picture of the level of pollution at the site where they are caught.  

The toxic ‘‘dioxin-like’’ PCB congeners (IUPAC No 77, 105, 118, 156, 126, 169) showed 
the lowest levels, especially the non-ortho congeners (PCBs 77, 126, and 169) with concentrations 
below LOD for most of the samples. The Total dl-PCBs concentrations (mean values) measured in 
fish species in 2015 are shown in Figure 2. 



 
Fig. 2. Total dl-PCBs concentrations, ng/g lw in fish species from Black Sea, Bulgaria 
 
As it is shown, the lowest Total dl-PCBs was found in grey mullet samples (mean 9.6 ng/g 

lw) and the highest results were observed in goby (mean 47.3 ng/g lw).  
The concentration levels of dl-PCBs were determined in order to estimate the toxicity 

potential (TEQs) of PCB exposure. TEQ values were calculated by multiplying the individual 
congener levels measured in each sample with its toxic equivalency factors (TEF), established by 
the World Health Organization (WHO-TEF) [21]. In our study mean TEQs of the 6 “dioxin–like” 
congeners were calculated 0.03 pg TEQ/g wet weight for goby and 0.04, 0.02 and 0.01 pg TEQ/g 
ww for sprat, horse mackerel and grey mullet respectively. The comparison of our TEQ values in 
fish with those in the literature showed lower levels than the TEQs in sardine from Spanish Atlantic 
southwest coast (0.75 pg/g ww) [22] and lower than those in salmon from the Baltic Sea (12.6 pg/ g 
ww) [23]. The Total WHO-TEQ values measured in fish from southern Baltic Sea varied from 3.4 
pg/g to 15.2 pg/g fresh weight [24].   

The European Union has set a limit of 3.0 pg TEQ/g wet weight in muscle meat of fish for 
the sum of dioxin-like PCBs [14]. In our study TEQs of the six dl-PCBs for all investigated fish 
species did not exceed this limit. 

 
Comparison with PCBs levels from other regions 
The levels of PCBs detected in the fish species from the Bulgarian Black Sea were compared 

with those found in similar species from other marine ecosystems. The lowest level of the Total 
PCBs (like sum of 15 PCBs congeners) was found in horse mackerel 2015 (93.8 ng/g lw) and the 
highest level - in goby 2007 (513.3 ng/g lw). 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 [15]. The levels of indicators PCBs found in present study are lower 
than the results of fish species from Gulf of Naples, the Mediterranean Sea (1005.3 - 17 259.0 ng/g 
lipid weight) reported by Reference [18]. Total PCB levels in goby from Belgian North Sea were 
found in the range 860 – 3200 ng/g lipid weight [25]. Our results were found lower than PCB 



concentrations in Atlantic mackerel (1096 ng/g lw) collected in the Central Adriatic Sea [17]. The 
low levels of PCBs observed in fish tissues correspond with the fact that no industrial production of 
PCBs in Bulgaria. 

 
III. CONCLUSIONS 

 
This study provides data on levels of PCBs contamination in marine fish species from the 

Bulgarian Black Sea coast. The mean levels of I-PCBs ranged between 85.6 ng/g lw (horse mackerel) 
and 313.6 ng/g lw (goby). Levels of PCBs in goby and grey mullet decreased in 2010 and 2015. Our 
results for sum of I-PCBs in all fish species did not exceed the maximum level of 75 ng/g ww. 
WHO-TEQs were found in the range from 0.01 pg TEQ/g ww to 0.04 pg TEQ/g ww (grey mullet 
and sprat, respectively) and did not exceed the limit of 3.0 pg WHO-TEQ/g ww for sum of dioxin-
like PCBs. The contamination of the fish species investigated with PCBs appears to be relatively 
low compared to other European studies.  
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