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Pe‰kova, J . Fuksa, J . Haj‰ lova, J . Jarkovsk, M. Janska: Organic Pollutant
Contamination of the River Elbe as Assessed byBiochemical Markers. Acta Vet Brno 2005,
74: 293-303. The aim of the study wasto assess contamination of the River Elbe basin using
selected biochemical markers.Biochemical markers selected were enzymes of the first stage
of xenobiotictransformation, namely cytochrome P450 (CYP 450) andethoxyresorufin-O-
deethylase (EROD). The results were correlated with the mostimportant inducers of the
enzymes, i.e. polychlorinated biphenyls (PCB)concentrations in muscle tissue of fish,
polyaromatic hydrocarbons (PAH) valuesin bottom sediments and 1-hydroxypyrene (1-
OHPY) values in fish bile (terminalmetabolite of PAH, or, rather, of one of them, i.e. pyrene),
which weredetermined during the chemical monitoring of the River Elbe basin. Theindicator
species selected was chub (Leuciscus cephalus L.), which was capturedat ten locations in
the River Elbe basin. A comparison between the ERODactivity and the CYP 450 content
along the longitudinal profile of the Elbeshowed a significant correlation at the level of
significance of p < 0.05.The highest EROD activity levels in the liver were ascertained in
Zelain (341pmol·min-1·mg-1), Valy (263.2 pmol·min-1·mg-1) and Lysa nad Labem
(179.17pmol·min-1·mg-1). In Blanice (control location), EROD activity wassignificantly lower
than in any of the other locations studied (p < 0.05).The study failed to produce an
unambiguous proof of any correlations betweendetoxification enzyme activity (CYP 450 and
EROD) in the liver and their twoimportant inducers (PCB and PAHs). The possibility that
other substancescausing activation or inhibition of detoxification enzymes were in play is
alsodiscussed. Cytochrome P450, EROD, Leuciscus cephalus L., liver, PCB, PAH,1-
hydroxypyrene The River Elbe is one of the most important European rivers(total length
1103.5 km). Its extensive basin of a total of 148 268 km2 lies onthe territory of two countries,
i.e. the Czech Republic (51 336 km2) andGermany (96 932 km2). Intensive research of the
Czech and German reaches of theElbe started in 1991 under the Elbe I (1991 1994) project,
and continued withthe Elbe II (1995 1998) and Elbe III (1999 2002) projects. In those
projects,large quantities of data regarding sources of pollution, chemical monitoring
ofhazardous substances in various components of the aquatic environment, waterquality,
etc. were collected and evaluated (Nesmurak 1994; BlaIkova et al.1998; BlaIkova 2002). To
enhance the relevance of results obtained by chemicalmonitoring, it is, however, also ACTA
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mail: sirokaz@vfu.cznecessary to assess the effects of anthropogenic pollution of the
aquaticenvironment on fish. One of possible ways of assessing such effects is the useof
biochemical markers of contamination. They are measurable biochemicalparameters
responding usually to substances with the same mechanism of toxiceffect. That means they
are not, with some exceptions, specific for individualxenobiotic substances. Their advantage
lies in their ability to providecomprehensive information on the effects of pollution, i.e. to



reflect synergicor antagonistic effects of individual components contributing to pollution.
In2003, the Elbe IV Project was started. For reasons mentioned above, chemicalmonitoring
in fish was complemented with assay of biochemical contaminationmarkers. Attention
focused primarily on the enzymes of the first phase ofxenobiotics conversion, i.e.
cytochrome P450 and ethoxyresorufin-O-deethylase(EROD). Cytochrome P450 is an
important biochemical marker of surface watercontamination with some industrial and
agricultural pollutants (Stegeman andLech 1991). It is now believed that the most useful is
the 1A family ofcytochrome P450 (Machala et al. 1997; Schlenk and Di Giul io 2002). The
mostpotent inducers for that isoform are substances from the groups ofpolychlorinated
biphenyls (PCB), polycyclic aromatic hydrocarbons (PAH),nitrated polycyclic aromatic
hydrocarbons (NPAH) and dioxins (e.g. 2, 3, 7, 8TCDD) (White et al. 1997; Nilsen et al.
1998; Jung et al. 2001; Schlenk and DiGiul io 2002). On the other hand, chronic exposure to
these contaminants cancause a lack of CYP1A induction response (Brammell et al. 2004),
and alsoassessment of CYP1A at the time of spawning can influence its level,
becauseestrogens can decrease CYP1A induction (Elskus 2004). Male fish seem to be
moresensitive to PAH and PCB than female fish (McArdle et al. 2004). The inductionof the
CYP1A family is mediated by the aryl hydrocarbon receptor (AhR) (Bil liard 2002). Following
its interaction with xenobiotic substances, it is carriedto the nucleus where it is the cause of
enhanced expression of genes for CYP1Aand, subsequently, of increased synthesis of
cytochrome proteins. The potentialtoxicity of pollutants depends on their affinity to the AhR.
The CYP1As arealso responsible for the metabolic activation of most of the known
promutagensand procarcinogens, and its elevated levels are responsible for such
negativeeffects as cocarcinogenesis, immunotoxicity and reproduction disorders (Lewiset al.
2003; Carlson et al. 2004). The model CYP1A activity is the enzymeethoxyresorufin-O-
deethylase (EROD), with its ability to convert substrates toproducts demonstrating
fluorescence, which can then be measured. This enzyme isan important biochemical marker
of contamination. The aim of the studypresented here was to use the assessment of
biochemical markers cytochrome P450and EROD in the livers of the indicator fish species
(Leuciscus cephalus L.) toevaluate contamination levels in various locations within the River
Elbe basin.Results of chemical monitoring relevant for the above contamination markers
arealso outlined and correlated in the paper. They were PCB concentrations in chubmuscle
tissues, concentrations of 1-hydroxypyrene (1-OHPY) in chub bile samples(i.e. the final
metabolite of PAHs, or rather of pyrene), and PAHconcentrations in bottom sediments in the
locations studied. Materials andMethods Animals and Sampling The chub (Leuciscus
cephalus L.) was selected asthe most suitable indicator species. The chub is a common
freshwater cyprinidspecies that inhabits both clean and polluted rivers (Baru‰ et al. 1995).
Thefish were captured with the use of a diesel-electric generator in 10 locationsin the River
Elbe basin. The locations studied were Podoli and Zelain at theRiver Vltava, a tributary to
the Elbe, and Verdek, Numaice, Valy, Lysa nadLabem, Obfiistvi, Duain and Hfiensko along
the River Elbe. The control locationwas upstream of the Husinec water reservoir at the river
Blanice in the Vltavabasin (Fig. 1). The fish were captured in July 2003 (average water



temperature21.4 °C). In the control location, fish were captured in September 2003
(watertemperature 15 °C). In each location, eight chub (both males and females)
werecaptured (except in Lysa nad Labem where only 3 chub were captured).
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