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Abstract: The presence of polychlorinated biphenyl congeners, organochlorine pesticides and marine biotoxins in the marine
environment is important for the evaluation of a potential risk to human health. The purpose of the present study was to
determine concentrations of polychlorinated biphenyl congeners (PCBs) and organochlorine pesticides (DDT and its
metabolites) in three fish species and mussels (Mytilus galloprovincialis) and marine biotoxins in mussels from the Black Sea,
Bulgaria. Concentration of six Indicator PCB congeners, DDT and its metabolites were determined by gas chromatography
coupled to mass spectrometry. The mean levels of 1-PCBs ranged between 6.78 ng/g ww and 16.33 ng/g ww (garfish and
bluefish respectively). The sum of I-PCBs in all seafood studied did not exceed the EU maximum level. Hydrophilic marine
biotoxins determination was performed by HPLC with postchromatographic oxidation. Lipophilic marine toxins were
determined on liquid chromatograph coupled to mass spectrometry. The analyzed marine biotoxins were under the limit of
detection.
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Introduction

Fish and shellfish are considered healthy foods because of their high nutritional value including high
levels of poly-unsaturated fatty acids (PUFA), especially omega-3 fatty acids. Recent research on the
nutritional characteristics of fish and shellfish from the Bulgarian coast showed high values of
unsaturated fatty acids, high protein and high fat-soluble vitamin content (Merdzhanova, 2017;
Stancheva, 2017a). Nonetheless, seafood is affected by the accumulation of chemical contaminants,
particularly organochlorine compounds and marine biotoxins, and this could become extremely
dangerous for the human health (Marques, 2013; Margues, 2010).

Some organochlorine compounds are persistent and although they have been banned, continue to be
widespread and accumulate in the marine ecosystem (Turner, 1986). Polychlorinated biphenyls (PCBs),
dichlorodiphenyltrichloroethane and its metabolites (DDTs) are well known as persistent substances in
the aquatic environment and seafood rapidly accumulates these compounds both through their feeding
behavior and from the surrounding environment (Antunes and Gil, 2004; Bordajandi, 2006; Stancheva,
2017b). These toxic substances are listed as persistent organic pollutants (POPs) in The Stockholm
Convention (UNEP, 2001).

POPs have a negative effect on the flora and fauna in affected aquatic areas (Naccari, 2004; Zelnickova,
2015). Changes in environmental conditions are likely to influence the spread and behavior of POPs,
ultimately affecting aquatic organisms and leading to human exposure (Nadal, 2015).

Fish and mussel are often used to monitor organochlorine contaminants due to their easy sampling, wide
geographical distribution and the accumulation of toxic compounds within them (Okay, 2009; Suarez,
2013). Seafood may represent an important exposure route of introducing persistent compounds into the
human body (Dorea, 2008; Van Ael, 2012). In contrast to the anthropogenic origin of the POPs, marine
toxins are produced by some marine microalgae. Shellfish filter feed suspended algae and food particles
from large volumes of water through their bodies and assimilate them. Hence shellfish like mussels have
the potential to concentrate phycotoxins at dangerous levels (Huss, 1997) causing severe illness. Marine
toxins are divided in groups according the health problems they cause — paralytic shellfish poisoning
(PSP, including saxitoxin, neosaxitoxin etc.), amnesic shellfish poisoning (ASP, including domoic acid
etc.), diarrhetic shellfish poisoning (DSP, including okadaic acid, dinophysistoxins), and azaspiracid
shellfish poisoning (AZP, including azaspiracids - AZA). The particular toxin mixture retained in the
soft tissues of the shellfish varies in concentration and over time, and is determined by the species and
strains of the dinoflagellates and shellfish as well as by other factors like environmental conditions
(Mons, 1998).
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Detection of contaminated seafood is not straight forward, and neither fishermen nor consumers can
usually determine whether seafood products are safe for consumption. Marine biotoxins accumulate
mostly in the digestive glands of bivalves, but do not alter the taste of the meat (Ferrante, 2013). For
this reason, most countries have established monitoring programs for marine biotoxins through their
national agencies for food safety to ensure that contaminated shellfish are not placed on the market.

The aim of this study was to determine the concentrations of selected contaminants - polychlorinated
biphenyl congeners (PCBs) and organochlorine pesticides (DDT and its metabolites) in bluefish
(Pomatomus saltatrix), garfish (Belone belone), sprat (Engraulis encrasicholus ponticus) and mussels
(Mytilus galloprovincialis) and marine biotoxins (PSP, ASP, DSP and AZP) in mussels collected from
the Black Sea, Bulgaria.

Materials and Methods

Fish and mussel (Mytilus Galloprovincialis) samples were collected by professional harvesters from
three Bulgarian coastal areas of the Black Sea: North (near cape Kaliakra), Varna (Varna bay) and South
(Burgas and Sozopol). The sampling was carried out in late April 2015 to early June 2016 in wild and
farmed populations at a sea depth of 3-4 m.

Analyses were carried out on pooled samples of the individual species collected at each sampling point.
Every pool contains a different number of individual specimens depending on the species: 10- 40 for
fish samples and about 60 specimens for mussel samples. Whole soft tissue from the pooled samples
was homogenized and pools of about 200 g were taken for POPs and 100 g for marine toxins analysis.

The method used for the extraction and detection of the POPs in fish and mussel samples has been
previously described in detail (Stancheva, 2013) and is briefly presented below. The edible tissues of
fish were homogenized, and sub-samples of 20 g were taken for extraction with hexane /
dichloromethane in Soxhlet. The lipid extracts were cleaned-up by column chromatography (with
neutral and acidic silica). PCBs and DDTs were eluted with 80 ml n-hexane followed by 50 ml n-hexane/
dichloromethane (80:20 v/v).

Detection of DDTs and PCBs were carried out by GC FOCUS (Thermo Electron Corporation, USA)
using a POLARIS Q lon Trap mass spectrometer, equipped with an Al 3000 autosampler and a TR-5ms
capillary column (cross-linked 5% phenyl methyl siloxane 30 m x 0.25 mm ID x film thickness 0.25
um). The carrier gas used was helium at a flow of 1 ml/min.

Pure reference standard solutions (EPA 625/CLP Pesticides Mix 2000 pg/ml - Supelco and PCB Mix
20 - Dr. Ehrenstorfer Laboratory), were used for instrument calibration, recovery determination and
quantification of the compounds. Measured compounds were p,p’-DDT, p,p’-DDD and p,p’-DDE and
PCB congeners: TUPAC Ne 28, 52, 101, 138, 153, 180). The limits of quantification (LOQ) varied for
individual compounds from 0.2 to 0.5 ng/g ww.

The method for extraction and determination of PSP was previously described by Krock (2007). Briefly,
2 g of mussel tissue was homogenized with 0.2M of acetic acid. The extract is separated in aliquot 1 and
aliquot 2. Aliquot 1 is filtered. Aliquot 2 is additionally concentrated by evaporation and dissolved in
0.1M hydrochloric acid.

The extracts were analyzed for PSP by reverse-phase ion-pair liquid chromatography with fluorescence
detection (LC-FD) and post-column derivatization following minor modifications of the previously
published methods. The eluate from the column was oxidized with 10 mM periodic acid in 555 mM
ammonium hydroxide before entering the reaction coil (50 °C), after which it was acidified with 0.75
M nitric acid. The detection of the toxins was performed by dual-monochromator fluorescence (Aex 333
nm; Aem 395 nm).

The method for extraction and determination of lipophilic toxins (ASP, AZA, DSP) was described in
Krock (2008). For the analysis of lipophilic toxins 4 g of mussel tissue were homogenized with 80%
methanol. The extracts were degreased with n-hexane and further purified with chloroform. After
evaporation the residue was taken up in 300 ul of 100% methanol. Six extracts are kept without filtration
and six extracts were transferred to a 0.45-um pore-size spin-filtern and centrifuged. The resulting
filtrate was transferred into an LC autosampler vial for LC-MS/MS analysis.

Mass spectral experiments were performed on AB-SCIEX-4000 Q Trap, triple quadrupole mass
spectrometer equipped with a TurboSpray® interface coupled to an Agilent model 1100 LC. The LC
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equipment included a solvent reservoir, in-line degasser (G1379A), binary pump (G1311A), refrigerated
autosampler (G1329A/G1330B), and temperature-controlled column oven (G1316A).

Quality control was carried out by analyses of certified reference materials: BCR - 598 (DDTs in Cod
liver oil) and BB350 (PCBs in Fish oil) — Institute for Reference Materials and Measurements, European
commission, CRM-DA-g , CRM-0OA-d, CRM-PTX2-b, CRM-YTX-c, standard solutions of PSP toxins
(saxitoxin, STX, neosaxitoxin, NEO, decarbamoyl saxitoxin, dcSTX, gonyautoxins 1&4, GTX1/GTX4,
gonyautoxins 2&3, GTX2/GTX3, decarbamoyl gonyautoxins 2&3, dcGTX2/dcGTX3, and B1) were
purchased from the Certified Reference Material Programme of the Institute of Marine Biosciences,
National Research Council, Halifax, Canada.

The statistical analysis of the data was based on the comparison of mean values through a t-test, and a
significance level of p<0.05 was used. SPSS 16 software was used for the statistical tests.

Results and Discussion

The concentration of individual compounds p,p’-DDE, p,p’-DDD, p,p’-DDT (ng/g wet weight) and lipid
content (%) found in fish and mussel samples, collected from the Black Sea are presented in Table 1.

Among the different organochlorines p,p-DDE is the most abundant in fish samples (in the range from
6.38 to 38,35 ng/g ww).

Table 1: Lipid content (%) and concentrations of p,p’-DDE, p,p’-DDD and p,p’-DDT (hg/g ww
Species Sampling n Lipids, % p,p-DDE p,p-DDD p,p-DDT
area
Bluefish North 10 11.9+0.9 38.35+4.31 23.55+0.22 nd
South 8 14.4+1.1 35.54+3.16 16.43£0.14 nd
Sprat North 8 9.1+0.7 13.03+0.96 6.30+0.45 nd
Varna 9 8.9+0.6 13.20+0.80 5.72+0.35 nd
South 6 9.9£1.1 6.38+0.67 3.15+0.41 nd
Garfish Varna 8 5.3£0.6 7.93+£0.36 2.97+£0.25 nd
South 6 6.8+0.6 10.78+0.96 4.08+0.51 nd
Mussels Varna 6 3.4+0.3 1.35+0.22 0.79+0.14 nd
nd — not detected
Source: Author

The DDE levels in bluefish were found to be relatively high, which may be due to its individual
physiology characteristics and higher lipid content compared to the other fish species (average 13.2%).
The concentration of metabolite p,p’-DDD was found between 0.79 (mussels, mean value) and 19.99
ng/g ww (bluefish, mean value). The concentration of individual DDTs compounds in the sampled
mussels from different part of Bulgarian Black Sea coast were described in our previous study
(Georgieva, 2016), the mean values of DDTs were summarized and were presented to compare the
results to the DDT levels in fish (Table 1). The concentrations of p,p-DDE and p,p-DDD detected in the
soft tissue of mussels were found to be lower (1.35 and 0.79 ng/g ww, respectively) than levels in the
fish samples.

The residues of DDTs metabolites were found in the order of DDE > DDD > DDT in all tested samples,
and this ratio is in agreement with the results of other studies (Covaci, 2006; Georgieva, 2016). The p,p-
DDT was found to be below the limit of detection in all the tested samples and suggests that there is no
current input of fresh DDT to the aquatic ecosystem of the Bulgarian coast of the Black Sea. The ratio
DDE/Total DDT varied in the range from 0.63 in mussels to 0.73 in garfish. The lowest ratio was found
in mussels that showed DDE/total DDT values lower than the other species. This may be due to the low
metabolic capacity of the plankton to metabolize DDT (Borga, 2001) allowing a great accumulation of
DDT in filtering organisms.

The sum of the DDT metabolites gave a range of concentrations from 9.5 ng/g ww (sprat) to 61.9 ng/g
ww in fish tissue (bluefish) and no significant differences were found between the fish species coming
from different sampling areas (p > 0.05). Hence in the current work, fish species cannot be used to assess
the sources of pollution because they do not present any trend in their geographical variations. The
average percent distribution of total determined DDTs among the geographical areas is 40%, 29% and
31% for North, Varna and South, respectively.
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The concentration of individual DDTs compounds in fish species sampled in 2007 and 2010 were
described in our previous study (Georgieva, 2012; Stancheva, 2013). The data was summarized, and the
mean annual concentrations of DDTs was presented for the investigated fish species in order to compare
the results to the levels in 2015 (Figure 1).

Figure 1: Total DDTs concentration (ng/g ww) in fish, annual mean
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Total DDTs were found in marine fish at concentrations ranging between 12.88 ng/g wet weight (ww)
(garfish 2015) and 113.31 ng/g ww (bluefish 2010). The experimental results showed significant
differences (p<0.05) between mean annual sum of DDTs in garfish, sprat and bluefish sampled in 2007,
2010 and 2015. Levels of DDTs in bluefish, garfish and sprat decreased in 2015.

The European Food Safety Authority recommends six PCB congeners (IUPAC Nos. 28, 52, 101, 138,
153 and 180) as suitable indicators for levels and exposure of humans when regarding non-dioxin-like
PCBs (ndI-PCBs) (EFSA, 2010). These six PCB congeners have been recommended by the European
Union as indicators of PCB contamination (Giandomenico, 2013). The determination of indicator PCBs
is important for predicting the extent of lipophilic contamination, although their toxicity is less than that
of dioxin-like PCBs (Van den Berg, 2006). The mean concentrations of indicator PCB congeners in the
investigated species collected from the Black Sea in 2015 are reported in Table 2.

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

Species | Sampling| n PCB 28 PCB52 |PCB101| PCB138 | PCB 153 | PCB 180
area
bluefish | North 10 1.34+0.15 nd 2.01+0.15 | 4.60+0.52 6.67+0.65 nd
South 8 2.28+0.25 | 2.28+0.21 nd 4.95+0.41 5.82+0.45 | 2.70+0.22
sprat North 8 1.344+0.12 | 1.37+0.15 | 1.11£0.12 | 2.13+0.23 2.64+0.28 | 1.67+0.17
Varna 9 1.97+0.23 | 2.26+0.18 | 2.55+0.21 nd 3.38+0.31 nd
South 6 0.69+0.07 nd 0.67+0.07 | 1.01+0.13 1.27+0.13 nd
garfish Varna 8 1.234+0.12 | 1.05+0.11 nd 1.34+0.15 2.82+0.33 nd
South 6 1.27+0.13 | 1.20+0.13 nd 1.19+0.12 3.45+0.37 nd
mussels Varna 6 3.35+0.31 nd nd nd nd nd

nd — not detected
Source: Author

The highest I-PCBs concentration were found in bluefish (mean value 16.33 ng/g ww), a predator fish
with a high lipid content. Bluefish migrate from the Marmara Sea into the Black Sea in summer (Ceyhan,
2007). Consequently, levels of pollution in this species cannot be used to assess local pollution, but they
make it possible to assess the ecological status of the Black Sea ecosystem. Lower PCBs concentrations
were observed in sprat (8.02 ng/g ww) and garfish (6.78 ng/g ww). Sprat is a species with a low trophic
position and possibly accumulate relatively smaller amounts of organochlorines than the predator
species investigated (Borga, 2001). Indicator polychlorinated biphenyls were found below 0.12 ng/g ww
(detectable limits) in all mussel samples studied. These results are similar to a study of the Black Sea
coast of Turkey, where no PCBs concentration were detected in any mussel samples. (Kurt and Ozkoc,
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2004). Our results for total indicator PCBs in the investigated fish and mussels did not exceed the
maximum level of 75 ng/g wet weight (EC, 2011).

Scarce information exists on the marine toxin profiles of the Black Sea mussels from the Bulgarian
coast. Recent studies showed that PSP and ASP toxins had values below the EU regulatory limit.
However, according to the authors these results are not representative because mussel farms provide
samples for toxicity testing only once per year. For this reason, ASP and PSP potentially could lead to
shellfish intoxications during the remaining period of the year. Lack of equipment impeded the analysis
of lipophilic toxins (Kalinova, 2015; Peneva, 2011).

To our knowledge this is the first attempt at an analysis of all the lipophilic toxins currently legislated
in the EU in samples from the Bulgarian Black Sea coast. Summarized, the six samples were analyzed
for PSP with derivatization, concentrated with derivatization and without derivatization. The six
samples were analyzed for lipophilic toxins with and without concentration. Despite our efforts for
different presentations of the toxins extracts, PSP, ASP, DSP and AZA were not detected in our samples.
Nevertheless, it is a challenging and not a discouraging result as 1) the number of samples we collected
could not give a representative result; 2) toxin causing microalgae are present on the Bulgarian Black
Sea coast (Dzembekova, 2014); and 3) in the recent years there are registered cases of human shellfish
poisoning (not published, oral communication). In accordance with these prerequisites our future plans
for studying marine toxins include equipping the Laboratory for Marine and Aquaculture Resources,
Medical University Varna for the analysis of samples from the Black sea and increasing the frequency
of mussel sampling as well as plankton sampling. This initiative has the potential to optimize biotoxin
monitoring, improve public health supervision, and engage the shellfish producers in helping to reduce
the risk of shellfish poisoning.

Conclusion

In the presented study, DDT and its metabolites were determined as the major compounds in fish and
mussel samples. The ratio DDE/DDTs ranged from 0.63 in mussel to 0.73 in garfish suggesting that
there are no new inputs of DDT in the Bulgarian Black Sea coast. The results obtained show the presence
of low concentrations of DDT metabolites and indicator PCBs in fish and mussel caught in the Black
Sea, Bulgaria. The mean levels of 1-PCBs ranged between 6.78 ng/g ww and 16.33 ng/g ww (garfish
and bluefish respectively). Levels of DDTs and PCBs in fish species decreased in 2010 and 2015.
Importantly, the observed values of these contaminants were below the EC regulation limits. The
investigated marine toxins were not detected in the analysed samples.

Further analyses are planned for the determination of marine biotoxins in mussel and plankton samples
from the Bulgarian Black Sea coast. It is of paramount importance to monitor priority organochlorine
compounds and marine toxins in seafood in order to protect the marine ecosystem and human health.
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