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Polychlorinated biphenyls (PCB) are com-
pounds classified as persistent organic pollutants 
(POPs), capable of remaining in the environ-
ment and able to be transported, to accumulate in 
plant and animal tissues over long periods of time. 
When released into the environment, POPs may 
be transported by air or water to areas that are of-
ten rather distant from the place of origin. In such 
remote areas, the compounds may concentrate in 
living bodies, including humans, reaching concen-
trations, which may be harmful to health. An in-
creased attention has been paid to polychlorinated 
biphenyls in recent decades because they signifi-
cantly contribute to the pollution of the different 
components of environment.

In the former Czechoslovakia, PCBs had been 
produced at the Chemko Strážske chemical plant 
in the period of 1959–1984 as commercial PCB 
mixtures under the brand names Delor, Hydelor, 
and Delotherm [1]. During the PCB production 
at Chemko, extensive environmental leaks oc-
curred, in particular via wastewater discharge. As 
a result, the sediments of the wastewater chan-
nel of Chemko, of the River Laborec, as well as 
of the Zemplínska šírava artificial lake (Fig. 1) 
have become contaminated. The region of Zem-

plín is considered among the most heavily PCB-
burdened regions in Europe. At present, Chemko 
shows a relatively responsible attitude to the solu-
tion of problems of toxic wastes from PCB pro-
duction stored within the company premises, and 
shows interest in participation in the Alternative 
PCB Destruction Project to be conducted under 
the sponsorship of UNIDO, the UN Agency for 
Economic Development, and under the co-fund-
ing by the World Bank Environmental Fund. One 
extensive problem however remains unaddressed 
[2], namely the collateral contamination of adja-
cent areas.

Exposure to high PCB doses has been asso-
ciated with serious skin disorders (chloracne), 
itching and burning, eye irritation, pigmented 
skin and nail alterations, functional disorders of 
the liver and the immune system, irritation of the 
airways, headaches, dizziness, depression, loss of 
memory, irritability, fatigue, and impotence [3]. 
The various PCB forms are responsible for nu-
merous toxic effects, including disorders of the 
immune and nervous system, reproductive abnor-
mities, behavioural abnormities, and likely carcino-
genicity (they induce cancer in animals, no similar 
effect however could be unambiguously demon-
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dissolved in water in minimum concentrations, 
and they may therefore spread in also aqueous 
environment. There, they get adsorbed to mud 
and sediments. In marine ecosystems PCBs get 
incorporated into the plankton and small arthro-
pods, which are at the bottom of the food chain 
of fish, birds, and mammals. The incorporation 
is rather effective for the organisms at the end of 
the chain to take in significant amounts of PCBs 
with their food [9, 10]. Fish living over prolonged 
times in water contaminated by trace PCB concen-
trations are able to concentrate these substances 
up to a thousand fold. The distribution of PCBs in 
the bodies of the fish is not uniform. In carps, e.g., 
PCBs  accumulate mainly in fat tissues, the head, 
the central nervous system, the gallbladder, and 
other internal organs, with concentrations in the 
blood and the smooth muscle being significantly 
smaller [10]. Biologists point to the fact that che-
micals such as polychlorinated biphenyls and heavy 
metals influence the behaviour of animals: e.g., 
fish are hyperactive due to the action of chemi-
cals upon the system of endocrine glands, fish get 
dazed, and galls lose orientation [11].

The most frequent way how PCBs get into the 
human body (apart from professional exposure) is 
food which accounts for as many as 95% of the in-
take [12]. As PCBs accumulate in fat tissue, they 
reach the highest concentrations in foods with high 
fat contents originating from PCB-contaminated 
regions, most of all from domestic breeds [13]. An 
additional important source is fish and bodies of 
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strated in humans) [4]. Strong toxicity may even 
result in death [5]. Children exposed to higher 
PCB levels during intrauterine development were 
reported to suffer from impaired visual cognition, 
impaired verbal memory and learning ability, low-
er IQ, and their ability to understand read text was 
delayed [6].

The toxic nature of even very low concentra-
tions of PCBs was conclusively demonstrated in 
the seventies; in addition, the hazards of the pres-
ence of PCBs in the general environment and 
the food chain was shown to be enhanced by the 
ability of PCBs to accumulate in predominantly 
fat tissues of living organisms. These findings re-
sulted in the use of PCBs in the OECD countries 
being restricted to closed systems. A quite differ-
ent si tuation arised the former Czechoslovakia. 
Regardless of the alarming and generally avail-
able information about the hazards of PCBs, the 
production of PCBs kept increasing after 1972, 
peaking at around 1980, without any control of the 
associated health or environmental hazards. The 
PCB production was stopped in Czechoslovakia 
after identification of massive contamination of 
beef, milk and fish in 1984. In 1989 the distribu-
tion and sale of PCB-based products was finally 
discon tinued [7].

The chemical and environmental stability of 
PCBs and their extensive use resulted in the con-
tamination of the whole ecosystem, including the 
air, water and marine systems, waste deposits, 
sediments and all forms of life [5, 8]. PCBs get 

Fig. 1. Overview of sampling places and of fish samples from the Slovak Republic showing above-limit concentra-
tions, and localisation of the polychlorinated biphenyls-contaminated region.
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game from PCB-contaminated regions [14]. Also, 
cases of direct contamination by PCB-containing 
products of edible oils were reported. For exam-
ple the Belgium dioxin affair of 1999 caused by 
contamination by PCBs of fats used in feed mix-
tures [10, 15], or mass intoxications of humans due 
to PCB-contaminated rice oil from heat media in 
Japan in 1996–1998 and in Taiwan in 1978–1979 
[16-20], as well as milk and butter contaminations 
by PCBs originating from paint in silage pits and 
agricultural machinery [10, 21-23].

Experts point not only to the positive aspects 
of fish consumption on human health (source of 
n-3 polyunsaturated fatty acids, source of mine rals 
- Ca, P, marine fish iodine, and vitamins - A, B, 
D, E) [24, 25], they also warn of hazards to con-
sumers’ health caused by some toxic substances 
(heavy metals, organochlorine compounds and 
PCBs), which may accumulate in also freshwater 
fish. Numerous papers have been published sug-
gesting the possibility of significant exposure to 
such toxic substances from fish. Thus the study by 
DARNERUD et al. [26] described problems connect-
ed with PCB- and dioxins- contaminated fish in 
Sweden, and provided advice on how to reduce the 
exposure in a programmatic manner. MENDOLA 
et al. [27] analysed the issue of the consumption 
of PCB-contaminated sport fish caught by anglers 
from the US. VELICER et al. [28] addressed issues 
of fishermen from the area of the Ontario Lake in 
the USA, including those concerning the extent of 
the consumption of contaminated fish and the as-
sociated health hazards. SVENSSON [29] compared 
human exposure to essential fatty acids and toxic 
substances from fish, including PCB, DDT, methyl 
mercury, dioxins and dibenzofurans. LOMMEL et al. 
[30] measured the concentrations of organochlo-
rine pesticides, octachlorostyrene and mercury in 
the blood of people living in the area close to the 
River Elbe in Germany. Also, there have been re-
ports in the Czech literature on contamination of 

freshwater fish by PCBs and other POPs in the eco-
system biota of the River Skalice [31, 32]. In Slo-
vakia, contents of PCBs and other POPs have also 
been measured in the biota as part of the monitor-
ing of persistent organic compounds, and the rela-
tions to the locality where the game or fish were 
caught and the degree of their contamination were 
addressed [33].

Consequently, situations may arise where in-
creased fish consumption can be recommended, 
whereas consumption of excessively contaminated 
fish is warned against. This conflicting situation 
where benefits of the consumption of freshwater 
fish is opposed to the health hazards stemming 
from exposure to undesired substances may be 
reasonably resolved by assessing the assumed ex-
posure levels to contaminants of potential con-
sumers. As the basis, we must obtain knowledge of 
the values of the contamination of the fish and of 
the envisaged consumption volumes [34].

MATERIALS AND METHODS

The degree of the contamination by polychlo-
rinated biphenyls of fish caught in waters of the 
Eastern Slovakian region (District Michalovce) was 
studied and compared with the values measured 
for samples of fish caught in other regions of the 
Slovak Republic. Altogether, 318 samples of fish 
muscle tissue were analysed, which had been 
taken in Slovakia between 2002 and 2004 as part 
of the project Monitoring of Huntable Game and 
Fish (hereinafter HGF), one of the three sub-sys-
tems of the project Partial Monitoring System of 
Foreign Substances in Food and Feed, and part of 
the Environmental Monitoring of the Slovak Re-
public. The aim of HGF is to observe penetration 
of contaminants into the bodies of wildlife and 
fish, which represents an objective indicator of the 
condition of the general environment within the 

Tab. 1. Terms of sampling of particular predatory and non-predatory fish species in the Slovak Republic.

Predatory fish Protective periods

Northern pike Esox lucius between 1 Jan. and 15 May

Zander Lucioperca lucioperca between 15 March and 15 June

European chub Leuciscus cephalus between 15 March and 31 May

Brown trout Salmo trutta m. fario between 1 Sept. and 15 April

Non-predatory fish Protective periods

Common carp Cyprinus carpio between 15 March and 31 May

Goldfish Carassius auratus not set

Bream Abramis brama between 15 March and 31 May
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given region as wildlife and fish are the primary 
consumers in their respective ecosystems.

The monitoring (development of methodology, 
sampling plan, analyses and drafting of annual re-
ports) is coordinated by the State Veterinary and 
Food Authority of the Slovak Republic. Regional 
Veterinary and Food Administrations and organi-
sations of the Slovak Fishermen’s Union partici-
pated in the sampling procedure. Three accre dited 
institutions of the State Veterinary and Food Au-
thority (Bratislava, Dolný Kubín and Košice) per-
formed the analyses. The VÚP Food Research 
Institute, Bratislava approved the overall HGF 
strategy, it is also taking care of the coordination 
of the monitoring, processing and evaluation of 
information obtained, and of the review of annual 
reports.

Altogether, four species of predatory and three 
species of non-predatory fish were analysed; the 

dates of the sampling were chosen so as to be out-
side the closed game period of the different spe-
cies (Tab. 1).

Each of the 318 samples of fish muscle tissue 
was analysed for the presence of six PCB con-
geners (PCB 28, PCB 52, PCB 101, PCB 138, 
PCB 153, PCB 180) using the GC–MS method (1 g 
fresh weight of fish tissue was extracted with a mix-
ture of petroleum ether (90%) and acetone (10%) 
using the Accelerated Solvent Extraction (ACE) 
method. The extract was purified using a Florisil 
chromatographic column, STN EN 12393-2 [35]. 
For the purposes of this paper, PCB contents were 
evaluated as the sum of all the six PCB congeners. 
The results of the analyses obtained were statisti-
cally processed and evaluated pursuant to the Or-
dinance of Ministry of Agriculture of the Slovak 
Republic and of Ministry of Health of the Slovak 
Republic No. 981/1996-100 [36].

Tab. 2. Overview of ΣPCB values measured for the different fish species 
from the area of lake Zemplínska šírava, District Michalovce (in mg.kg-1 fresh weight).

Commodity SNo VEL % SEL Average Median 95th percentile Standard deviation

Common carp 67 40 59.7 33.406 9.767 111.189 79.506

Goldfish 17 16 94.1 108.752 41.702 442.594 156.880

Bream 18 18 100.0 76.551 44.356 228.489 86.564

European chub 20 15 75.0 36.645 4.332 99.713 64.474

Brown trout 16 11 68.8 13.671 13.435 34.331 12.800

Northern pike 7 6 85.7 55.339 41.535 165.746 71.777

Zander 16 16 100.0 65.485 67.763 103.677 28.824

Total 161 122 75.8 – – – –

SNo - numbers of samples, VEL - samples with values exceeding the limit, % SEL - percentages of samples with values exceed-
ing the limits.

Tab. 3. Overview of ΣPCB values measured for the various fish species 
from the territory of the Slovak Republic (in mg.kg-1 fresh weight).

Commodity SNo VEL % SEL Average Median 95th percentile Standard deviation

Common carp 60 7 11.7 2.352 0.004 10.569 10.259

Goldfish 7 3 42.9 5.129 1.081 15.256 6.657

Bream 3 1 33.3 4.415 1.006 10.384 6.073

European chub 4 2 50.0 1.539 1.434 2.784 1.204

Brown trout 76 1 1.3 0.498 0.012 0.558 3.649

Northern pike 4 0 0.0 0.008 0.008 0.012 0.005

Zander 3 1 33.3 1.903 0.885 4.337 2.472

Total 157 15 9.5 - - - -
SNo - numbers of samples, VEL - samples with values exceeding the limit, % SEL - percentages of samples with values exceed-
ing the limits.
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RESULTS AND DISCUSSION

Fish samples were taken from the territory 
of the Slovak Republic and in a targeted manner 
from the high-risk locality of the Eastern Slova-
kian region where significant environmental leaks, 
in particular via waste waters, had occurred in the 
past during PCB production at Chemko Strážske. 
As the result, sediments of the wastewater chan-
nel of Chemko, of the River Laborec, as well as 
the artificial lake Zemplínska Šírava were contami-
nated (Fig. 1).

Out of the total of 318 fish samples taken 
(Fig. 1), 137 (43.1%) samples exceeded the per-
missible concentration limits set for the different 
PCB congeners (where at least one of them ex-
ceeded the limit set by the Food Code of the Slo-
vak Republic). The analyses included 146 samples 
from predatory and 172 samples from non-preda-
tory fish. Every sample was analysed for the 
presence of 6 PCB congeners. Out of the total 
number of 161 samples of fish taken in the District 
Michalovce and analysed, applicable limit con-
centrations (Food Code of the Slovak Republic) 
were exceeded in 122 (75.8%) samples. There was 
a substantially smaller proportion of samples taken 
in other regions of the Slovak Republic showing 
values exceeding the limits set for the different 
congeners (9.5%). Higher contaminated samples 
originated mostly from areas of the Eastern Slova-
kian region, Districts Trebišov and Košice, i.e. the 
watershed of streams previously contaminated by 
polychlorinated biphenyls (Bodrog, Tisa, Latorica, 
Laborec and Hornád) (Tab. 2 and 3).

The average values of sum of 6 PCBs meas-
ured for samples of freshwater fish from the area 
of the Zemplínska šírava lake ranged from 13.671 
to 108.752 mg.kg-1, the corresponding figures 
measured for samples from other regions of the 
Slovak Republic were much smaller (between 
0.008 and 5.129 mg.kg-1); thus, the concentrations 
of PCBs in the samples from the contaminated 
area were 14 (common carp) to as many as 6 900 
(Northern pike) times higher than those measured 
for the various fish species from other regions 
of Slovakia. Among the species monitored, the 
highest values were measured for samples from 
goldfish (from both regions compared), a fish 
living close to the bottom where insoluble PCB 
congeners could have adsorbed to sediments. The 
species living in the territory of Slovakia and being 
the least contaminated was northern pike; the least 
PCB concentrations in the area of lake Zemplín-
ska Šírava were measured for brown trout. Similar 
values were also obtained for the 95th percentile: 
its values for District Michalovce ranged between 
34.331 and 442.594 mg.kg-1, and the average values 
for the Slovak Republic ranged between 0.012 and 
15.256 mg.kg-1 (Tab. 2 and 3).

Comparing the different sampling peri-
ods (2002–2004), the highest PCB concentra-
tions were measured for goldfish (133.716 
and 139.554 mg.kg-1) in Zemplínska Šírava (Fig. 2) 
during the initial years of the monitoring; high 
PCB concentrations were also measured for other 
fish species (northern pike, bream, and zander) 
in 2003. The concentrations measured for all the 
species monitored (save brown trout) were smaller 

Fig. 2. Average ∑PCB concentration values measured for different fish species 
from the lake Zemplínska šírava, District Michalovce, in 2002–2004 (in mg.kg-1).
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in the subsequent year, the reduction being most 
pronounced for goldfish (to reach the value of 
14.485 mg.kg-1). Among the freshwater fish spe-
cies monitored, the smallest PCB concentrations 
were measured for brown trout (10.829 mg.kg-1 

in 2002). PCB concentrations measured for non-
predatory fish species showed a decreasing ten-
dency since the start of the sampling, whereas the 
highest values for predatory species were measured 
in 2003 (except for brown trout, with PCB values 
showing gradual increases since 2002).

The average PCB concentrations measured for 
fish from other parts of Slovakia were markedly 
lower than those measured for the fish from the 
lake Zemplínska šírava (Fig. 3). The highest PCB 
values measured in 2002 were those obtained for 
samples of all the freshwater fish except for bream 
and brown trout, with the peak value as high as 
14.247 mg.kg-1measured for goldfish. The smallest 
PCB values were measured in 2003 for all preda-
tory and non-predatory species (except for north-
ern pike). There was a slight increase in the values 
for all fish species (except for bream) in the subse-
quent year (to reach 11.426 mg.kg-1). The smallest 
PCB value was measured for northern pike in 2004 
(0.003 mg.kg-1).

Because of the gravity of findings of PCB con-
centrations in the fish, the State Veterinary and 
Food Authority (SVFA SR) in Michalovce intro-
duced emergency veterinary measures in 2002, 
banning fishing and fish consumption (with the ex-
ception of „catch and release“ fishing for sports) 
throughout the region of lake Zemplínska šírava; 

corresponding warning boards were placed at the 
entrances to all recreation facilities. As any further 
dealing with these serious issues was within the 
purview of the Ministry of Environment and it was 
recognized as a serious environmental problem 
(the area concerned is one of major recreational 
areas in Slovakia), SVFA SR asked the Ministry of 
Environment of the Slovak Republic to urgently 
address the issue, to develop an overall strategy, 
and to consider making the affected region part of 
an international recovery project [37].

CONCLUSIONS

Regular monitoring of huntable game and fish, 
as part of the Monitoring of the General Environ-
ment of the Slovak Republic has confirmed that 
streams close to the Chemko Strážske chemiucal 
plant, where PCB production was concentrated in 
the past, have been contaminated by polychlorin-
ated biphenyls as suggested by analyses of muscle 
tissue of predatory and non-predatory freshwater 
fish. The PCB contamination is excessive, with the 
values being as many as 14- to 6 900-fold those 
measured for other regions of Slovakia. The most 
contaminated fish species in both regions com-
pared was goldfish (Carassius auratus). The small-
est PCB values were measured in muscle tissue of 
northern pike (Exox lucius) from Slovakia, and for 
brown trout (Salmo trutta m. fabio) from the high-
risk locality Michalovce. Being good indicators of 
natural pollution, fish tend to accumulate toxic 

Fig. 3. Average ∑PCB concentration values measured for the various fish species 
from the Slovak Republic in 2002–2004 (in mg.kg-1).
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substances in their bodies, thus jeopardising the 
health of the future consumers of the dietary, easy 
to digest meat. This hazard mainly concerns the 
river basins of the streams Bodrog, Tisa, Latorica, 
Laborec, Hornád as well as the areas adjacent 
to the water reservoir Zemplínska šírava, which 
is the second largest water reservoir in Slovakia 
(33 km2). Evidently, the contamination of the area 
emanating from the Chemko Strážske chemical 
plant is that extensive that it will hardly be possi-
ble to eliminate it fully. All measures should never-
theless be taken to prevent further spreading of 
the contamination, and to decontaminate the most 
contaminated areas. Measures should at the same 
time be taken to mitigate the impacts of the con-
tamination upon the population living in the re-
gion.

REFERENCES

 1. Chriašteľ, R. - Murín, M. - Gavora, J. - Magulová, A.: 
Počiatočná pomoc Slovenskej republike pri plnení 
záväzkov vyplývajúcich zo Štokholmského dohovoru 
o perzistentných organických látkach (POPs). 
Návrh národného realizačného plánu pre imple-
mentáciu Štokholmského dohovoru o POPs v Slo-
venskej republike. Technická správa 5. Bratislava : 
Ministerstvo životného prostredia SR a Slovenský 
hydrometeorologický ústav, 2004. 150 pp.

 2. Hojsík, M.: Chemko Strážske - neblahá minulosť 
s následkami pre budúcnosť. Bratislava : Greenpeace 
Slovensko, 2002. 38 pp.

 3. Nagayma, J. - Masuta, Y. - Kuratsune, M.: Chlorinated 
dibenzofurans in Kanechlors and rice oils used by 
patients with yusho. Hukuoka Acta Medica, 66, 
1975, pp. 629-634.

 4. Kočan A. - Drobná B. - Chovancová J. - Kočan J. - 
Petrík J. - Szabová E.: Zaťaženie životného prostredia 
a ľudskej populácie v oblasti kontaminovanej polych-
lórovanými bifenylmi. [Report.] Bratislava : Ústav 
preventívnej a klinickej medicíny, 1998. 113 pp.

 5. Wasserman, M. - Wasserman, D. - Cucos, S. - 
Miller, H. J.: World PCBs map: storage and effect 
in man and his biologic environment in the 1970s. 
Annals of the New York Academy Sciences, 320, 
1979, pp. 69-124.

 6. Šuta, M.: Bromové zpomalovače myšlení. Zdraví, 6, 
2005, pp. 11-12.

 7. Holoubek, I.: Polychlorinated biphenyls (PCBs) - 
world-wide contaminated sites. In: TOCOEN Report 
No. 173. Brno : TOCOEN, 2000, pp. 9-15.

 8. Čížek V.: Polychlórované bifenyly a polycyklické aro-
matické uhľovodíky ako významné organické polu-
tanty v prostredí. In: Odpady ’96. Zborník z medzi-
národnej konferencie. Ostrava : Vysoká škola báň-
ská, 1996, pp. 212-219.

 9. Filkorn, P.: Stratégia v znižovaní doixínov a poly-
chlorovaných bifenylov v životnom prostredí, 
krmivách a v potravinách - integrovaný prístup. 

Bratislava : Ústredný kontrolný a skúšobný ústav 
poľnohospodársky, 2000. 9 pp.

 10. Pokorná, T.: Polychlorinated biphenyls. The Waste, 
4, 2005, pp. 7-15. 

 11. Mikula, I.: Znečištění mění chování zvířat. In: EkoList. 
Praha : Ústav zemědělských a potravinářských infor-
mací, 2004, pp. 5-7. 

 12. Velíšek, J.: Chemie potravin 3. Tábor : OSSIS, 1999. 
368 pp.

 13. Polychlorinated biphenyls. Ambient water quality cri-
teria document. In: EPA 440/5-80-068. Washington, 
D.C. : United States Environmental Protection 
Agency, 1980, pp. C-3.

 14. Kočan, A. - Petrik, J. - Drobná, B. - Chovancová, J. - 
Jursa, S. - Pavuk, M. - Kovriznych, J. - Langer, P. - 
Bohov, P. - Tajtaková, M. - Suchánek, P.: Zaťaženie 
životného prostredia a ľudskej populácie v oblas-
ti kontaminovanej polychlórovanými bifenylmi. 
[Report.] Bratislava : Ústav preventívnej a klinickej 
medicíny, 1999. 216 pp.

 15. van Larebeke, N.- Hens, L. - Schepens, P. - Cova-
ci, A. - Baeyens, J. - Everaert, K. - Bernheim, J. L. - 
Vlietnick, R. - De Poorter, G.: The Belgian PCB 
and dioxin incident of January–June 1999: exposure 
data and potential impact on health. Environmental 
Health Perspectives, 109, 2001, pp. 265-273.

 16. Dluholucký, S.: Polychlórované bifenyly 
(PCB) a zdravie. Čo má o nich vedieť pediater? 
Československá pediatria, 46, 1991, pp. 482-484.

 17. Turek, B. - Kodl, J.: Cizorodé látky a aditiva. Manuál 
prevence v lékařské praxi. Praha : Státní zdravotní 
ústav, 2005, 859 pp.

 18. Kuratsune, M.: Yusho, with reference to Yu-
Cheng. In: Kimbrough, R. D. - Jensen, A. A. 
(Eds.): Halogenated biophenyls, terphenyls, naph-
thalenes, dibenzodioxins and related products. 
2nd ed. New York : Elsevier Science Publisher, 1989, 
pp. 381-400.

 19. Masuda, Y. - Kuroki, H. - Haraguchi, K.: PCB and 
PCDF congeners in the blood and tissues of Yusho 
and Yu-Cheng patients. Environmental Health 
Perspectives, 59, 1985, pp. 53-58.

 20. Yen, Y. Y. - Lan, S. J. - Ko, Y. C.: Follow-up study of 
reproductive hazards of multiparous women consum-
ing PCBS-contaminated rice oil in Taiwan. Bulletin 
of Environmental Contamination and Toxicology, 
43, 1989, pp. 647-655.

 21. Hegyi, L. - Mistrík, M.: Perzistentné organické 
polutanty a Slovensko. Košice : Spoločnosť priateľov 
Zeme, 2001. 95 pp.

 22. Petrík, J.: Expozícia populácie Slovenska polychloro-
vaným bifenylom. [PhD thesis.] Brno : Přírodovědecká 
fakulta Masaryky univerzity, 1996. 105 pp.

 23. Chriašteľ, R. - Magulová, K. - Murín, J. - Gavora, J.: 
Počiatočná pomoc Slovenskej republike pri 
plnení záväzkov vyplývajúcich zo Štokholmského 
dohovoru o perzistentných organických látkach 
(POPs). Monitoring perzistentných organických 
látok v Slo venskej republike. Technical report 5, 
part 1. Bratislava : Ministerstvo životného prostredia 
SR a Slovenský hydrometeorologický ústav, 2003. 
202 pp.



Šalgovičová, D. - Zmetáková, Z. J. Food Nutr. Res., 45, 2006, pp. 171-178

178

 24. Garrow, J. S. - James, W. P. T.: Human nutrition 
and dietetics. London : Churchill Livingstone, 1993. 
847 pp.

 25. Konečný, S. - Pavlíček, J.: Mořské ryby: názvosloví 
a charakteristika druhů využitelných v potravinářství. 
Ostrava : Self, 1997. 56 pp. 

 26. Darnerud, P. O. - Wicklund, G. A. - Andersson, O. - 
Atuma, S. - Johnsson, H. - Linder, C. E. - Becker, W.: 
PCB and dioxins in fish. Var-Foeda, 47, 1995, 
pp. 10-21.

 27. Mendola, P. - Buck, G. M. - Vena, J. E. - Zielez-
ny, M. - Sever, L. E.: Consumption of PCB-con-
taminated sport fish and risk of spontaneous fetal 
death. Environmental Health Perspectives, 103, 
1995, pp. 498-502.

 28. Velicer, C. M. - Knuth, B. A.: Communicating con-
taminant risks from sport-caught fish: the impor-
tance of target audience assessment. Risk Analysis, 
14, 1994, pp. 833-841.

 29. Svensson, B. G.: Human exposure and certain health 
implications of some toxic and essential compounds 
in fish. Dissertation Abstracts International C, 55, 
1994, pp. 68-71.

 30. Lommel, A. - Kruse, H. - Mueller, E. - Wassermann, O.: 
Organochlorine pesticides, octachlorostyrene and 
mercury in the blood of Elbe River residents, 
Germany. Archives of Environmental Contamination 
and Toxicology, 22, 1992, pp. 14-20.

 31. Svobodová, Z. - Piačka, V. - Vykusová, B. - 
Máchová, J. - Hrbková, M.: PCB ve složkách ekosys-
tému řeky Skalice: I. Voda, sedimenty dna, zooben-
tos, makrovegetace a nánosy (1989–1994). [Research 
report.] Vodňany : Výzkumný ústav rybářský a hyd-
robiologický, 1995. 22 pp. 

 32. Svobodová, Z. - Piačka, V. - Vykusová, B. - 

Máchová, J. - Hrbková, M.: PCB ve složkách eko-
systému řeky Skalice: II. Ryby (1994). [Research 
report.] Vodňany : Výzkumný ústav rybářský a hyd-
robiologický, 1995. 9 pp. 

 33. Košutzký, J. - Šalgovičová, D.: Monitoring perzistent-
ných organických látok v Slovenskej republike. Bióta. 
Technical report 2, part 1, chapter 10. Bratislava : 
Štátna veterinárna a potravinová správa Slovenskej 
republiky and Výskumný ústav potra vinársky, 2003, 
202 pp.

 34. Ruprich, J. - Kleinwächterová, H. - Kopřiva, V. - 
Piskač, A.: Studie potřeby sladkovodních ryb - spor-
tovní rybáři v ČR. Brno : Centrum hygieny a potravi-
nových řetězců, Praha : Státní zdravotní ústav, 2000. 
10 pp. 

 35. STN EN 12393-2. Non-fatty foods. Multiresidue 
methods for the gas chromatographic determination 
of pesticide residues. Part 2: Methods for extraction 
and clean-up. 2001.

 36. Výnos Ministerstva pôdohospodárstva a Ministerstva 
zdravotníctva Slovenskej republiky č. 981/1996-100 
z 20.5.1996, ktorým sa vydáva prvá časť a prvá, druhá 
a tretia hlava druhej časti Potravinového kódexu 
Slovenskej republiky. Vestník Ministerstva zdravot-
níctva SR, 44, 9-13, 1996, pp. 56-141.

37. Bíreš, J. - Kožutský, J. - Rajzák, P. - Breyl, I. - 
Miššík, J. - Hajduk, J.: Monitoring poľovnej, voľne 
žijúcej zveri a rýb v Slovenskej republike. Správa za 
rok 2002. [Report.] Bratislava : Štátna veterinárna 
a potravinová správa Slovenskej republiky, 2003. 
20 pp.

Received 13 March 2006; revised 15 June 2006; accepted 
28 September 2006.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


