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Abstract

Svobodova Z., V. Zlabek, T., Randak, J. Machova, J. Kolafova, J. Hajslova,
P. Suchan, L. DuSek, J. Jarkovsky: Profiles of PCBs in Tissues of Marketable Common
Carp and in Bottom Sediments of Selected Ponds in South and West Bohemia. Acta Vet. Brno
2004, 73: 133-142.

Theaim of the study was to evaluate the extent of contamination of six selected pondsin South
and West Bohemia by PCBs. For this purpose seven indicator congeners were determined in the
tissues of common carp and bottom sediments. The ponds were sampled during autumn periodsin
the years 1999-2001. Five to seven specimens of three-to four-year-old carp were sampled from
every pond. The results demostrated comparable indicative ability of fish tissues and bottom
sedimentsfor eval uation of pond load by themonitored PCBs. Considering concentrations of PCBs
in fish and bottom sediments, the most contaminated pond was Tovarys followed by Buzicky,
Dftemliny, Regent, Bezdrev and Horusicky. Asregards the distribution of PCBsin fish, the highest
values of indicator congeners were found in liver followed by ovaries, muscle and testes.
A significant correlation was found between the PCB levels (sum of 7 indicator congeners) and the
content of fat in individual tissues of carp (r = 0.83 — 0.94). The pattern of individua indicator
congenersin fishwasa most the same asthat in bottom sediments. The correlation was statistically
significant (r = 0.93). Thisobservation is corresponding with slow biotransformation rate of PCBs
infish. The study contributed to the assessment of quality of carp (which isthe main representative
of marketable fish in the Czech Republic) in terms of its safety asfood as well asto evaluation of
the pollution of respective aguatic environment.

Cyprinus carpio L., polychlorinated biphenyls, indicator congeners, muscle, liver, gonads, risk
assessment

Common carp, with its 87-90% on total production, is the main freshwater fish species
in the Czech Republic both for the local market and for export (Vacha 1998;
Vostradovsky 2002). Considering requirements for safe food production, attention
must be paid to the control of this fish species, as well as to the environment where it is
grown. Above all, the effort must be focused on large ponds in which the most of
marketable carp is producted. This effort should be further focused on ponds in which
municipal waste waters, as well as those from industry were concentrated and treated (or
still are concentrated and treated).

Contents of toxic metalsand of persistent organic pollutantsin muscle of marketable carp
from 13 pondsin South- and West Bohemiawere monitored during autumnintheyears 1991
and 1993 (Svobodova et al. 1999) and later onin 6 sel ected ponds during 1999-2001. The
levels of toxic metals found in tissues of marketable carp and in bottom sediments were
reported by Svobodové et a. (2002), persistent organic pollutants (POPs - DDT and its
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metabolites, HCH, HCB and OCS isomers) were subject of matter in astudy carried out by
Svobodova et al. (2003). The present study focused to polychlorinated biphenyls (PCBs)
was aimed at following goals:

- to compare the extent of PCB contamination in six important productive pondslocated
in South and West Bohemiabased upon analyses of tissues of marketable carp and of bottom
sediments,

- to determine a relationship between contamination of fish muscle and that of pond
environment (bottom sediments);

- toassessthe contamination trendson the basisof PCB level sin muscle of carp measured
in the selected pondsin 1991-1993 and in 1999-2001;

- tocharacterizethedistribution of 7 indicator congenersof PCBsintherespectivetissues
of marketable carp;

- toassessthe degree of PCB metabolisation in fish according to the patterns of indicator
congenersin bottom sediments and those in carp muscle;

- tocollect dataneeded for the assessment of hygienic quality of edibletissuesof themain
fish species, the carp.

Materialsand M ethods

Determination of indicator PCB congeners in tissues of marketable common carp (Cyprinus carpio L.) and in
bottom sediments was performed always in autumn during the period 1999 - 2001 during harvest conducted in the
following ponds (Fig.1):

Germany Poland
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Fig. 1. Map of ponds under study in the region of South and West Bohemia (1-Buzicky, 2-Regent, 3-Tovarys,
4-Diemliny, 5-Horusicky, 6-Bezdrev)

Buzicky (55 ha) isabiological pond used for final purification of water from purification plant of municipal wastes
from the town of Blatna. It isalso filled from Mracovsky brook and from Lomniceriver, alargedrainage areawith
an intensive agricultural production. Carp (85t harvested) isthe main species produced.

Regent (52 ha) —a pond situated near by tarmacadam plant for grit. Although it isnot in adirect contact with the
pond, itisinitsgravity field. Carp isthe main species produced (70 t of marketable fish harvested).

Tovarys (16 ha) —apond with intensive agricultural productioninitsdrainage area. Potential sourcesof industrial
pollution in the neighbourhood (air-conditioning works at Milevsko and a tarmacadam plant for grit) are not
in adirect contact with the pond but in its drainage area. Carp is the main species produced (10 t of marketable
fish harvested).

Dremliny (57 ha) —until 1997, it was used for accumulation of municipal and food processing plant waste waters,
partly flowing through CaZ4rka stabilization pond. Later on, waste waters were treated in a sewage treatment plant
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and purification was finished in CaZarka pond. Ninety tons of carp are harvested every autumn, while ten tons are
harvested during summer catches.

Horusicky (438 ha) — harvest of marketable carp isabout 500 t. There is no evidence for any source of pollution.

Bezdrev (434 ha) —carp isthe main species produced (harvest of 450 t of marketable carp). The pond accumulates
purified waste waters from sewage treatment plants at Zliv, Cestiovice and Pistin.

Fiveto seven specimensof three- to four-year-old carp were sampled from every pond. Immediately after catching,
fish were weighed and tissues (muscle, liver, gonads) were sampled. Muscle samples from al ponds
under study were sampled and analyzed individually. The same protocol was used for samples of liver, kidney
and gonads from the Regent pond. For carp from the other ponds studied, two pooled samples of liver, kidney and
gonadsweretaken and analyzed (one pool ed sampl e of ma esand one pool ed sampl e of femal es). Sampleswereplaced
in microtene bags, labelled and stored in a freezing box a -18 °C. Bottom sediments were sampled using
abenthos sampler from various part of the pond. A pooled samplewas made and stored in afreezing box at -18 °C as
well.

Tissue samples of marketable carp and samples of bottom sedimentswere analyzed for the content of 7 indicator
PCB congeners (IUPAC NOs. 28, 52, 101, 118, 138, 153 and 180). Homogenized sample was dessicated by
anhydrous sodium sulphate and the flowing powder was extracted by hexane — dichloromethane solvent mixture
(1: 1, viv) in a Soxhlet apparatus. Removing of co-extracted lipids from crude extract was accomplished by gel
permeation chromatography (GPC) employing BioBeads SX-3 and chloroform as a mobile phase. After solvent
evaporation from GPC fraction and dissolving the residue in isooctane, quantification of target analytes was
carried out by high resolution two-dimensional gas chromatography (two capillaries operated in parallel)
employing two el ectron capture detectors (HRGC/2xECD). Limitsof quantification (LOQ—pg-kg lipids) for fish
are: PCB 28-0.5, PCB 52 - 0.6, PCB 101 - 1.0, PCB 118 - 0.6, PCB 138 — 1.0, PCB 153 - 0.6, PCB 180 -0.7.
Limits of quantification (LOQ pg-kg! dry matter) for sediment are PCB 28 — 1.2, PCB 52— 1.8, PCB 101 -2.2,
PCB 118-1.9, PCB 138 -2.4, PCB 153 -1.9, PCB 180—-1.8.

Results were tested using ANOVA in Statgraphics software and MS-EXCEL 7.0. A non-parametric Spearman
correlation was used for comparing the relationship of PCB congenersin fish and in bottom sediments. In order to
interprete the results, hygienic limits concerning fish quoted in the Decree of the Ministry of Health of the Czech
Republic No. 53/2002 Sh. and ADI values established by the FAO/WHO were used.

Results

Contents of indicator PCB congenersin tissues of marketable carp from the ponds under
study are given in Table 1. Comparison of indicator PCB congenersin muscle (wet weight
—w.w.) of marketable carp and in dry matter (dry weight —d.w.) of bottom sediments from
ponds under study is shownin Fig. 2. Fig. 3 shows a comparison of the extent of pollution
of the respective ponds based upon the content of sum of 7 indicator congeners in carp
muscle and in bottom sediments.

The descending order of ponds according to the sum of values of 7 indicator congenersin
carp musclewasasfollowed: Tovarys, Buzicky, Diemliny, Regent, Bezdrev and Horusicky
(Fig. 3). Sum of indicator congenersin muscle of carp from Tovarys pond was significantly
higher (P < 0.01) when compared to the values in carp from other ponds under study.
A significant difference (P < 0.05) in the sum of indicator congenerswas also found between
valuesin muscle of carp from Buzicky and Horusicky ponds.

Concerning the patterns of individual indicator PCB congeners, PCB 28 was dominating
in muscle of carp from Tovary$ and Regent ponds while congeners with higher content of
chlorine (138, 153, 180) were found to be the major speciesin other ponds. The levels of
individual congeners studied in carp muscle from Tovarys pond were found significantly
exceeding (P < 0.01) values of congeners found in carp from all other ponds. There was
one exception for values of 138 and 180 congeners in muscle of carp from Buzicky pond
which were found comparabl e to the values of fish from Tovarys pond (Fig. 2).

As regards concentrations of PCBs in bottom sediments, the most contaminated pond
was Tovary$ followed by Buzicky, Regent, Horusicky, Dfemliny and Bezdrev (Fig. 3).
The congener 28 wasfound to be the major onein bottom sedimentsof Tovarys and Regent
ponds, what was in accordance with its major proportions in muscle of fish from these
ponds.
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Tablel
Contents of indicator PCB congeners in tissues (ug-kg! w.w.) of marketable carp from the ponds under study
;:s"u‘: n m;‘;dlf‘ g Fat (%) | PCB28 |PCB52{PCB101| PCB118 | PCB 138 | PCB153 | PCB180| = PCB
|Buzicky
IMuscle mean 5 2164 7.5 1.8 2.0 41 1.9 10.0 6.7 49 316
SD 261.2 258 | 044 [ 027 | 117 [ 061 1,78 0.92 1.14 4.92
Liver mean | 5 2164 1579 | 474 | 300 | 253 | 3.16 16.27 | 1232 | 853 50.54
Eggs* female | 3 2210 862 | 1.72 | 129 405 | 207 7.32 4,05 5.00 25,51
[Testes” | male | 2 2090 112 | 068 | 076 | 052 | 040 2.08 1.29 1.10 6.83
Regent
Muscle mean | 3157 1070 | 306 | 1.85 | 244 | 115 1.48 257 1.02 13.57
SD 408.7 407 | 107 | 088 | 215 | 043 0.57 1.52 0.43 5.84
Liver mean | 3236 1163 | 1961 | 16.01] 7.79 | 525 3.32 3.31 1.15 56.44
SD 427.7 622 | 11.25 | 1069 450 | 445 214 2.02 0.80 31.15
Kidney* | mean | 7 3236 611 | 171 | 1.28 | 1.41 | 061 0.43 1,04 0.43 6.90
{Eggs mean |, 3239 6.00 | 391 [ 204 | 585 { 094 1.29 1.95 0.57 16.54
SD 587.5 377 | 440 [ 156 | 970 [ 066 1.46 1.61 0.47 19.02
Testes mean | 3232 293 1 210 [ 236 [ 220 [ 0.39 1.47 0.92 0.47 9.90
sSD 176.2 118 | 059 | 043 | 194 | 021 1,04 0.54 0.25 4.18
Dfemiiny
Muscle mean | 1980 510 | 087 [ 076 | 346 [ 1.23 4.39 7.32 2.57 20.60
SD 276.5 158 | 030 | 017 | 073 | 0.24 1.37 1.60 0.54 4.41
Liver* female | 3 1775 409 | 061 | 050 | 335 | 086 474 554 1,89 17.49
male | 4 2134 311 | 052 | 050 | 240 | 0.83 3.19 5.00 1.80 14.24
Eggs* female | 3 1775 415 | 075 | 055 | 1.97 | o069 2.68 3.54 1.33 11.51
Testes* | male | 4 2134 067 [ 023 [ 018 | 056 | 0.23 0.94 1.16 0.38 3.69
Tovary$
Muscle mean | 1689 426 | 3418 [17.77] 11.18] 811 8.62 1324 | 576 98.85
SD 181.1 147 | 1099 | 575 | 374 | 264 2.77 4,52 1,95 3217
Liver* female | 4 1673 9.73 | 83.91 [ 39.94] 2830 [ 1851 | 2258 | 31.29 | 1324 237.74
mate | 3 1710 13.34 | 113.84] 58.01 | 37.93 | 2816 | 2939 | 4620 | 2068 334.22
Testes* | male | 3 1710 237 | 2099 | 996 | 7.78 | 4.37 5.78 7.23 2.90 59.00
|Bezdrev
Muscle mean | 2469 311 | 028 [ 029 | 1.76 [ 053 2.95 4.29 1.57 11.68
SD 204.6 1.58 | 007 | 0.07 | 066 | 0.18 1.10 1.50 0.53 4.02
Liver female | 5 2622 650 | 087 | 064 | 330 | 1.16 6.07 9.44 3.93 25.40
male | 2 2338 376 | 1.06 | 048 [ 298 | 084 5.37 7.15 2.47 20.34
{Eggs* female | 2 2688 581 | 059 | 052 | 258 | 0.98 4.85 7.76 258 19.87
Testes* | male | 2 2338 139 | 019 | 017 | 093 | 0.29 1.52 2.15 0.76 6.01
Horusicky
Muscle mean | 2190 439 | 023 | 028 | 065 | 026 1.19 1.39 0.52 4.52
SD 166.8 168 | 007 | 010 | 015 | 0.06 0.21 0.29 0.11 0.83
Liver* female | 2 2355 992 | 040 [ 065 | 167 [ 074 3.82 451 1.79 13.60
male | 5 2124 1331 | 047 [ 073 | 183 [ o081 435 4.58 1.66 14.43
Eggs* female | 2 2355 990 | 064 | 047 ] 155 | 075 4.00 4.36 1.77 13.54
Jrestes* | male | 5 2124 137 | 021 | 014 ] 031 | 011 0.56 0.65 0.20 2,19

Note" - Pooled sample

Congenerswith higher chlorine content werefound to be dominant in Buzicky and Horusicky
ponds. In case of Dfemliny and Bezdrev ponds, most of the congeners studied were below
thelimit of detection of the method used (Fig. 2).

The distribution of PCBs in tissues was statistically evaluated in marketable carp from
Regent pond. Thehighest values of sum of 7 indicator congenerswerefoundinliver followed
by ovaries, muscle and testes. There was asignificant difference (P < 0.05) between the sum
of indicator congenersin liver and in other tissues. The same difference was also found for
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Fig 2. Comparison of the contents of individual indicator PCB congenersin carp muscle (ug-kgt w.w.) and dry

matter of bottom sediments (ug-kg ! d.w.) from the ponds under study
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congeners 28 and 52. In these congeners, the difference between the content in liver and in
muscle was significant (P < 0.01). The sequence of tissues according to the values of
congeners 101, 118, 138, 153 and 180 was the same as that according to the sum of indicator
congeners. Differences in values among individual tissueswere insignificant. Similarly, the
sequence of tissues of marketable carp from the mgjority of the ponds according to the sum
of 7 indicator congeners was the same as for the Regent pond. Substantial differencesin the
content of PCBsin ovariesand in testeswerein accordancewith differing content of fat which
was up to several-fold higher in ovaries than in testes. This fact referred to the proven high
relationship of PCB contents on the contents of fat in tissues of fish from the same pond (for
the Regent pond r = 0.68, for the other pondsr = 0.83 — 0.94).

Discussion

To evaluate the extent of pollution, two components of aguatic environment were
examined for PCB levels: biotawere represented by fish and abiotic matrix were represented
by sediments.

The latter are used in numerous studies as bioindicators of the loading. Marketable carp
was used as indicator, as it was grown in the ponds under study for one year (in annua
cycle of Buzicky, Tovary§ and Diemliny ponds), or for two years (in biennial cycle of
Regent, Horusicky and Bezdrev ponds).

In agreement with our anticipation, significantly higher pollution was proven for Tovary$
and Buzicky ponds upon results of analyses of both the fish and bottom sediments.
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The Buzicky pond (Blatna town) retains municipal waste waters with a high ratio of
industrial wastes while in the drainage area of Tovary§ pond, there are important
industrial plantsand atarmacadam plant for grit. High loading of the Tovary§ pond with
PCBs and with polycyclic aromatic hydrocarbons (PAHS) was also reported by
Machala et al. (1997) who measured biochemical markers of contamination in hepatic
microsomes of carp (EROD, PROD).

Results obtained from examination of Buzicky, Regent and Tovary§ pondswere used
for comparison of proportions of individual indicator congeners of PCBs in bottom
sedimentsand in carp muscle. In these three ponds the values of all congenersin bottom
sediments and in fish were found to be above the limit of detection of the method used.
Asshownin Fig. 2, the pattern of individual indicator congenerswas nearly the samein
bottom sediments and in fish. In ageneral overview, this phenomenon can be observed
in Fig. 4, where the proportions (relative amounts) of individual indicator congeners
approximate the X=Y line. Spearman’s correlation of the proportion of congenersin
sediments and in fish was determined as a subsidiary index. The correlation was
statistically significant with value of 0.93. This conclusion is corresponding to the
previous data on a very slow process of PCB biotransformation in fish (Sijm et al.
1992), according a similar distribution of PCB congeners is recognized in fish and in
the surrounding abiotic environment. In this context fish is very good bioindicator of
pollution situation. Substantially more intensive biotransfomation of some PCBs,
especially lower chlorinated congeners including indicator PCBs 28 and 52 occurs in
warm blooded vertebrates (Boer and Brinkman 1994; Oost et al. 2003; Schmidt et
al. 1990). Variations from identical proportions of individual congenersin fish and in
the surrounding abiotic environment might be caused by possible spatial heterogeneity
of sediments and variability of biological samples.

Comparison of mean data of the content of indicator congeners of PCBsin muscle of
marketable carp registered in 1992-1993 (Svobodova et al. 1999) and in 1999-2000in
the ponds studied is shown in Fig. 5. Unfortunately, only analyses of pooled samples
(n = 5) in 1992-1993 were carried out, and the statistical assessment of data was
impossible. Despite of that, the developmental trends could be indicated. Basically,
there was no change in PCB loading of Buzicky and Horusicky ponds during the
compared periods. In Regent pond, there was approximately 27% decrease of PCB
contamination during 1992 - 1999. In contrary, increased values of the sum of 7
indicator congeners in muscle of marketable fish were found in the remaining three
ponds. The increases were 47, 90 and even 132% in Tovary§, Dfemliny and Bezdrev
ponds, respectively. These findings might seem to be inconsistent with the fact that
PCBs use was banned in the 1980s. However, disclosure of old loadings (by shift of
bottom sediments) and/or insufficient control of contaminated soil depots might be the
main sources of PCB contamination in these cases. This status might be anticipated in
case of Bezdrev pond. These hypotheses confirm present data reporting that 5% of the
total production of PCBs was harmlessly erradicated, 30% persist in the environment
and in food webs and 65% of the total production was deposited in various dumpings or
storage yards (Kocan et al. 2002).

Further comparison and interpretation of the results observed in this study was limited
due to the lack of relevant literature data. Results of PCBs contents in tissues of carp
grown in ponds could not be compared to those from open waters. These waters are
stocked with carp grown in ponds up to 2 — 4 years of age and thus they cannot be
considered indicator fish for contamination. Similarly, there are very limited data from
other countries on the content of PCBs in tissues of carp. Pond production of marketable
carp is mostly specific for Central- and Eastern Europe (V &cha 1998).
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Fig. 5. Comparison of the contents of PCB congenersin carp musclein the years 1992 - 2000

Polychlorinated biphenyls are lipophilic substances and their accumulation is
significantly affected by the content of fat in tissues (Niimi and Oliver 1989;
Parkerton et al. 1991; Haj$lova et al. 1997; Ciereszko 2001). This fact was
exemplified on the following 5 ponds — Bezdrev, Buzicky, Dfemliny, Horusicky and
Tovarys, where a high correlation was found between the content of PCBs (sum of 7
indicator congeners) and content of fat in individual tissues of carp ofidentical origin
(r =0.83—-0.94). A simple analysis of the difference showed that contamination of fat
extracted from muscle, liver and gonads of fish from the same environment (the same
pond) was comparable and did not differ significantly between these tissues (Fig. 6).

Concerning the quality assessment of marketable carp from the point of view of PCB
content it could be noted that the values found for the content of 7 indicator congeners did
not exceed the value given in Decree No. 53, Ministry of Health of the Czech Republic,
issued in 2002. The maximum residue limits for the sum of 7 indicator congenersin edible
parts of the fish are 2 mg-kg ™t (w.w.).

The ADI value determined by WHO in 2001 is 5 pg-kg1-day-1 of the sum of 7 indicator
congeners of PCBs. Tovarys pond with the highest values of content of this pollutant, was
selected for assessment of hygienic risk. To reach the ADI, ahuman of 70 kg body weight
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would have to consume 3.5 kg of carp flesh daily. Mean annual consumption of freshwater
fish in the Czech Republic is 1 kg per capita (Berka 1998), i.e. 2.74 g per capita daily.
Consuming fish from this most contaminated pond, the dietary exposure would not exceed
0.1% of the ADI value. Also risk assessment recommended by K annan et al. (1998) shows
anegligible hazard of dietary exposure to the PCBs under study.
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Fig. 6. Comparison of the PCB contents (sum of 7 indicator congeners) in fat of muscle, gonads and liver of carp
from the ponds under study

Obsah polychlorovanych bifenylt v tkanich trznich kapri obecnych
a v sedimentech dna vybranych rybniki jiznich a zapadnich Cech

Cilem préce bylo posoudit stav vybranych rybniki jiznich a zapadnich Cech z hlediska
obsahu polychlorovanych bifenyld PCB v tkdnich kapri a v sedimentech dna.
V podzimnim obdobi 1999 — 2001 byly vySetfovany rybniky Buzicky, Regent, Tovarys,
Dtemliny, Horusicky a Bezdrev. Z kaZdého rybnika bylo odebréno 5-7 kust trznich kaprt,
analyzovany byly vzorky svaloviny, jater a gondd. V tkénich ryb a v sedimentu dna byl
sledovén obsah 7 indikatorovych kongenertt PCB. Vysledky analyz ryb a sediment dna
urcily nasledujici sestupné potadi rybnikt z hlediska jejich zat€Ze PCB: Tovarys, Buzicky,
Dremliny, Regent, Bezdrev, Horusicky.

Z vysledkt hodnoceni distribuce PCB v rybach vyplynulo ve vétSiné ptipadil nasledujici
poradi tkani podle vySe obsahu sledovanych PCB: jatra, jikry, svalovina, mli¢i. Uvedené
potadi je ovlivnéno rozdilnym obsahem tuku v jednotlivych tkdnich (statisticky prokdzéna
vysoka korelace mezi obsahem tuku a PCB v tkénich ryb stejného ptivodu, r=0,83 - 0,99).
Déle bylo prokazdno, Ze poméry jednotlivych indikdtorovych kongenerl zjiSténych
v sedimentech dna a v rybach jsou prakticky shodné (r = 0,93). Toto zjiSt€ni potvrzuje
predpoklad, Ze PCB pfijaté rybami podléhaji minimélni metabolizaci. PfedloZena préce je
prispévkem ke zhodnoceni vlivu prostfedi na hygienickou kvalitu kaprti —hlavnich z4stupct
trznich ryb na tzemi CR. Vedle toho price upozoriiuje na potencialni riziko zvySovani
zatéZe rybni¢niho prostfedi polychlorovanymi bifenyly v disledku obnaZovéni starych
z4atéZi nebo nedostate¢ného zabezpeceni sklddek s vytéZenou kontaminovanou zeminou.
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