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ABSTRACT 
 

Hepatic ethoxyresorufin-O-deethylase (EROD) activity in fish is known to be a biomarker of exposure to 
planar halogenated and polycyclic aromatic hydrocarbons. EROD activity was measured in bream (Abramis 
brama) from the Rybinsk Reservoir (RR). The RR (58°22' N, 38°25' E) is located in the European part of Russia 
and belongs to the Volga Cascade of reservoirs. The reservoir has a considerable source of pollution in its 
northernmost part due to a large industrial complex of Cherepovets. The ecosystem is also subjected to nonpoint 
sources of contamination such as atmospheric transfer and surface runoff from a number of settlements and 
agricultural lands located along the shores of the RR. The aim of the present study was to reveal the most 
contaminated sites of the RR by means of measuring hepatic EROD activity in fish. Bream being a benthivorous 
fish receive sediment-sorbed compounds, such as halogenated and polyaromatic hydrocarbons. Therefore, it 
seems to be quite useful indicator of contaminant exposure. Fish (n = 69) were collected at 7 sites, post spawn to 
minimize variation due to reproductive cycle. EROD activity was determined fluorimetrically on 
postmitochondrial supernatant. Individual EROD activities in bream varied from 0.28 to 5.2 pmol/mg/min. 
Statistically significant differences in EROD activity (almost 3-fold range) were observed in fish from various 
sampling sites. The most pronounced induction was found in bream from the north part of the RR. Apparently, 
the impact of Cherepovets industrial complex spreads to large water area, up to 20–35 km. Relatively high 
EROD activity was found in the western part of the RR There seems to be a local source of contamination that 
affects fish in the area. Hepatic EROD activity in bream appears to be a valid tool for detecting the most 
vulnerable areas in the RR ecosystem. Results of the present study allowed to determine areas of priority for 
further examination and monitoring. This study may be considered as an evidence of this biomarker 
applicability in Russia since it has not been used in local governmental biomonitoring programs. 
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Introduction 
 

The Rybinsk Reservoir (RR; 58°22' N, 38°25' E) is located in the European part of Russia and belongs to 
the Volga Cascade of reservoirs. The RR was formed in 1941 after the Sheksna and the Volga Rivers were 
dammed upstream of the city of Rybinsk. In 1947 it was filled up to maximum operating level (Butorin et al., 
1972). The RR serves as the main source of fresh water and fish for local population. In terms of public and 
environmental health, anthropogenic contamination of the RR is of great concern. The ecosystem of the RR 
receives contaminants from numerous sources. In the northernmost part of the RR industrial complex of 
Cherepovets encompassing over 60 plants is situated. Wastewaters from some facilities are discharged directly 
or through a wastewater treatment plant into the Sheksna River and then flow into the RR. Surface runoff from a 
number of settlements and agricultural lands located along the shores of the RR as well as local atmospheric 
transfer contribute contamination of the water body (Kozlovskaya et al., 2001). 

The RR ecosystem probably has been being contaminated since it came into existence. At this point 
detection of most contaminated areas is of special interest. To this end biomarkers can provide valuable data on 
the degree of chemical uptake in fish and thus reveal spatial trend of contamination in aquatic system. 
Ethoxyresorufin-O-deethylase (EROD) induction being a biomarker of exposure to polyhalogenated and 
polycyclic aromatic hydrocarbons, is known to be quite a usefull tool (Whyte et al., 2000). The aim of the 
present study was to determine the most contaminated sites of the RR by means of measuring hepatic EROD 
activity in fish. Bream (Abramis brama) was used as an indicator species since it is the most abundant fish 
species in the RR (Gerasimov and Novikov, 2001). 
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Materials And Methods 
 
Description of the Study Area: 

 
The RR is approximately 60 km wide by 100 km long. It was formed in the depression between the two 

rivers, Mologa and Sheksna, fell into the Volga. At maximum operating level, the RR surface area makes up 
4550 km2. Total catchment area comprises 150000 km2. 64 rivers of more than 10 km in length fall into the RR 
(Butorin et al., 1972). Surrounding area includes agricultural, forestry, paludified, industrial and urban lands. 

 
Fish sampling: 

 
Bream (n = 69) were sampled in the late September of 2011 during cruise of the RV “Academic Topchiev”. 

Fish were caught by means of bottom trawling (towing speed: 5 km/h, towing time: 30 min). Bream were 
collected post spawn since EROD activity is known to fluctuate within the annual reproductive cycle of fish 
(O’Hare et al,. 1995). Individuals of similar size were chosen in order to decrease variation due to age. 
Sampling stations are shown in Fig. 1. There were no samplings in the northernmost part of the reservoir as 
trawling is not allowed there. No fish were caught in the central part of the RR. 

After catching, bream were placed into containers filled with ambient water and sampled in on-board 
laboratory. Each fish was killed by a blow to the head, standard length and weight were measured, and fish 
abdomen was opened. Liver was excised and pieces were put in cryotubes and immediately frozen in liquid 
nitrogen. Samples were stored in liquid nitrogen until further analysis. Eviscerated weight of fish was measured 
and scales were collected for age determination. 

 

 
 
Fig. 1: The RR location and sampling sites disposition: (1) former channel of the Mologa River close to the 

settlement of Breitovo; (2) former channel of the Mologa River close to the Pervomaika haven; (3) 
former channel of the Sheksna River, approx. 20 km downstream of Cherepovets, next to the flooded 
Ljubets Village; (4) former channel of the Sheksna River, approx. 35 km downstream, across from the 
Miaksa Village; (5) former channel of the Sheksna River, approx. 60 km downstream, across from the 
Yagorba Village; (6) former channel of the Sheksna River, 120 km downstream, across from the 
Volkovo Village; (7) former channel of the Volga River, across from the Koprino Village. Arrows 
indicate directions of prevailing water currents. 
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Biochemical analysis: 
 
Hepatic EROD activity was determined fluorimetrically (Whyte et al., 2000) on postmitochondrial 

supernatant with fluorescamine protein assay based on Lorenzen and Kennedy (1993) procedure. Liver samples 
were homogenized (tissue disperser IKA T10b) in ice-cold phosphate buffer (pH 7.4) at a tissue/buffer volume 
ratio of 1:3. Homogenates were then centrifuged at 10000 × g for 25 min at 4°C. Fat layer was removed and 
supernatant was stored in liquid nitrogen until enzyme assay (no longer than a week). EROD activity was 
measured in 96-well plate reader (Fluorescence spectrometer LS 55, PerkinElmer). Sample aliquots were added 
to reactive mixture of phosphate buffer, 4.3 mM β-NADPH and 0.01 mM 7-ethoxyresorufin. Amount of 
resorufin produced in 10 min at 27°C was measured at the excitation/emission wavelength pair of 555/585 nm 
and computed by means of a resorufin standard curve. Protein assay was performed in the same plates by adding 
sodium phosphate buffer (pH 8.0) and 1.08 mM fluorescamine acetone solution. Reaction proceeded at 27°C for 
15 min. Protein amount was measured at the excitation/emission wavelength pair of 400/460 nm and computed 
by means of a bovine serum albumin standard curve. Each sample was analyzed in triplicate, and the mean 
values of EROD activity were used.  

 
Statistical analysis: 

 
Nine or ten fish were used for EROD determination at each site. The Kruskal–Wallis one-way analysis of 

variance was used to test for differences among sites and to estimate variation due to age, sex or reproductive 
stage. Comparisons of distributions between sites were calculated using the Kolmogorov–Smirnov test. 
Statistical analyses were calculated at 95% confidence level. Arithmetic means with standard errors of the 
means (± SEM) are given. 

 
Results: 

 
No exterior deviations were found in fish from all sampling sites. Bream used in the study were aged from 5 

to 12 years. The majority of bream were sexually mature (males – 25%, females – 43%) but there were also 
juvenile individuals (32%). Mean values of fish length and weight were not significantly different among sites 
(Table 1). Either age or sex, or reproductive stage did not determine EROD activity variation in bream from the 
RR (Kruskal–Wallis test, p>0.05). 

 
Table 1: Arithmetic means (± SEM) of length, weight, hepatic EROD activity in bream from the RR, Russia 

Station n Length 
(mm) 

Weight 
(g) 

EROD activity 
(pmol/mg/min) 

(1) Breitovo 10 312 ± 9 613 ± 46 1.82 ± 0.22 b 
(2) Pervomaika 10 285 ± 6 469 ± 26 1.32 ± 0.28 ab 
(3) Ljubets 10 307 ± 5 562 ± 31 2.25 ± 0.44 b 
(4) Miaksa 10 293 ± 6 471 ± 35 1.41 ± 0.23 b 
(5) Yagorba 9 290 ± 6 498 ± 37 1.29 ± 0.16 b 
(6) Volkovo 10 295 ± 7 512 ± 38 1.09 ± 0.12 ab 
(7) Koprino 10 310 ± 12 605 ± 68 0.69 ± 0.14 a 
P-Value*  0.12 0.06 0.001 

Note. Numbers within brackets correspond to those given in Fig. 1. EROD activity means followed by dissimilar letter are different 
(Kolmogorov–Smirnov test, p > 0.05). *P-values provided by the Kruskal–Wallis test. 

 
Individual hepatic EROD activity in bream from the RR varied from 0.28 to 5.2 pmol/mg/min. Mean values 

are given in Table 1. Fish at Site 7 had the lowest mean EROD activity. Relatively high activity was detected at 
Site 1. Gradual increase of enzymatic activity was observed from Site 5 to Site 3, downstream the Sheksna reach 
of the RR. 

 
Discussion: 

 
EROD induction is a highly sensitive biomarker of exposure, providing evidence of receptor-mediated 

induction of cytochrome P4501A-dependent monooxygenases by xenobiotics chemicals. The main advantage of 
using hepatic EROD induction in biomonitoring is its capability to indicate exposure to complex chemical 
mixtures (Whyte et al., 2000). Inducers of hepatic EROD activity have been detected in the RR, including 
polycyclic aromatic compounds, polychlorinated biphenyls and organochlorine pesticides (Siddal et al., 1994; 
Kozlovskaya and German, 1997; German and Kozlovskaya, 1999; German and Zakonnov, 2003; Chuiko et al., 
2007, 2010). 

Bream being a benthivorous fish receive sediment-sorbed compounds, such as halogenated and 
polyaromatic hydrocarbons. Therefore, it seems to be quite useful indicator of contaminant exposure. 
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Nevertheless, environmental contamination assessment based on utilization of bream as a bioindicator species 
presupposes understanding of bream mobility. Sometimes long distance migrations by individuals or small 
groups of bream among the reservoir reaches can occur. However, as a rule, bream in the RR forms schools in 
accordance with reaches. The migratory patterns of bream are such that they usually travel only short distances 
related to seasonal periods of spawning, summer feeding, and over-wintering (Poddubnyi, 1971). 

The lowest hepatic EROD activity in bream was detected at Site 7 and likely should be considered as a 
normal level of enzyme induction in this ecosystem. Enzyme activity levels were elevated at Sites 2, 5, and 6. 
Landfill releases and other nonpoint sources of pollution could affect these areas, and hydroelectric facility 
could also be a factor in regard to Site 6. Almost twofold rise of EROD activities was detected in bream from 
Sheksna reach from Site 5 to Site 3. Apparently, the impact of Cherepovets industrial complex spreads to large 
water area, up to 20–35 km. Relatively high EROD activity was found in the western part of the RR (Site 1). 
Since hepatic EROD activity in bream from Site 1 is within the range registered in the Sheksna reach of the RR 
there seems to be a local source of contamination that affects fish in the area. 

 
Conclusion: 

 
Thus, hepatic EROD activity in bream appears to be a valid tool for detecting the most vulnerable areas in 

the RR ecosystem. Results of the present study allowed to determine areas of priority for further examination 
and monitoring. This study may be considered as an evidence of this biomarker applicability in Russia since it 
has not been used in local governmental biomonitoring programs. 
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