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Hydrocarbon products and their derivatives in fish of the
Pechora River, North-Eastern European Russia
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Analysis of one of the major surface oil spill consequences, which took place in 1994 on the territory of the Pechora River (Russia)
catchment area, was carried out. Data on hydrocarbon products and their derivatives concentrations in muscle and liver tissues of
several fish species living in the Pechora’s Delta and the river tributaries were obtained. Comparative analysis of OCCs, PCBs and
PAHs concentrations in 1997 and 2008 showed that levels of all examined pollutants in fish tissues are very low. At the same time,
in 2008 OCCs and PCBs concentrations in fish were lower compared to 1997, except for PAHs concentrations in Pechora Delta
whitefish, which demonstrate the opposite tendency in relation to two compounds for the last 11 years.

Keywords: Organochlorine compounds, polychlorinated biphenyls, polycyclic aromatic hydrocarbons, fish, concentration, liver,
muscles.

Introduction

The Pechora River basin is one of the largest basins
in Northwest Russia, with a catchment area of 327,000
km2. The Timano-Pechorskaya oil-and-gas province lo-
cated there determines increased anthropogenic load as-
sociated with oil and gas production and transportation in
the region. The Pechora River mainstream and tributaries
are crossed by numerous oil pipelines, where emergencies
are frequent enough. Therefore, oil pollution is one of the
most pressing problems for the Pechora ecosystem. Our in-
vestigations in the Pechora River catchment area, carried
out at the end of the 1990s, revealed that anthropogenic
load have multiplied since 1960s–70s due to the new terri-
tory exploration.[1]

Taking into account vulnerability of northern nature, it
is necessary to have clear view of the processes that take
place in water and land ecosystems under anthropogenic
impact. So the search of indicators for the assessment of the
anthropogenic impact level is pressing problem. Fish that
inhabit Sub-Arctic fresh water bodies are highly sensitive
to water quality. Environmental changes due to the human
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lems Institute, Russian Academy of Science, Petrozavodsk,
Russia; E-mail: jul.sharova@yandex.ru, jsharova@inbox.ru
Received December 7, 2010.

activity induce rapid response in fish organism and that
fact enable us to use fish as test-organisms, which reflect the
state of environment. Comparative analysis of organochlo-
rine compounds (OCC), polychlorinated biphenyls (PCB),
and polycyclic aromatic hydrocarbons (PAH) accumula-
tion and distribution in liver and muscle tissues of fish
can be used as a measure of persistent organic pollutants
(POP) load on the Pechora region water ecosystem.

Materials and methods

Experimental design, sampling and sample preparation

In the summer and autumn of 2008, field work in the
Pechora catchment area was carried out. Samples were
collected from the Pechora’s Delta (Korovinskaya Bay),
Pechora’s largest tributary – river Usa, and Usa’s tributary
– river Kolva (Fig. 1).

Fish was caught by stake gill nets (length – 30–50 m,
height – 1.7–2 m, mesh size – 40–55 mm), drift nets (length
– 150 m, mesh size – 40 mm) and seine. The ide (Leuciscus
idus), vendace (Coregonus albula), and whitefish (Coregonus
lavuretus) were used at present study as they are commonly
found fish species in the examined area. Accumulation and
distribution of a number of OCCs, PCBs, and PAHs were
analyzed. The liver and muscle of 10 fish of each species
were sampled for analysis.
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1036 Lukin et al.

Fig. 1. A map of the Pechora River Basin (East part of Sub-Arctic Russia).

Analytical procedure

OCCs, PCBs and PAHs levels were determined in the
analytical laboratory of the Institute for Problems of
Environmental Monitoring (IPEM), Research and Pro-
duction Association ‘Typhoon’ center (Obninsk, Russia).
Liver and muscle tissues of specimens were analyzed in
groups. Each group includes 8–10 samples, control sample
with known concentration of assessed compounds, and
procedural blank. For POPs extraction control, surrogate
standards were applied in each sample: for OCCs analysis,
octachlornaphthalene and d–HCH were added; for PCB
congeners analysis, PCB#30 and PCB#112 were added;
for PAHs analysis, naphthalene-d48, acenaphthylene-
d10, phenanthrene-d10, chrysene-d12, perylene-d12
were added. For OCCs and PCBs analysis, PCB#166
was used as an internal standard, for PAHs analysis,
1-bromadamantane was used.

Specimens were defrosted under room temperature and
homogenized using microgrinder. Weighted specimen was
ground with anhydrous sodium sulfate to uniform mass.
After surrogate standards were added, specimen was trans-
ferred to glass column and undergone hexane: methylene
chloride (1:1) mixture extraction. Extract was concentrated
on rotor-type evaporator for further chromatographic pu-
rification. Purification of extracts from lipid was carried out
using glass columns with Teflon valve filled with Bio-Beads
SX-3 sorbent (20 g).

Concentrated extract (2 mL) and hexane: methylene
chloride (1:1) mixture (50 mL) were transferred in washed
column. The fraction was used for lipid detection. After
that mixture containing determinate substances (50 mL)
was collected in round-bottomed flask and concentrated in
rotor-type evaporator to 0.5 mL for further purification.

For PCBs and OCC analysis, concentrated extract was
quantitively transferred to column filled with deactivate sil-
ica gel (3 g, 3%). Column was eluted with hexane (20 mL)
(fraction–I), then with hexane: methylene chloride (1:1)
mixture (35 mL) (fraction–II). Both fractions were con-
centrated using rotor-type evaporator, transferred to micro
vials and concentrated under nitrogen flow to 30–50 µL.

Extract purification for PAHs determination was carried
out using columns filled with deactivate silica gel (10 g,
3%). Columns were eluted with hexane (25 mL) (fraction
I), and hexane: methylene chloride (1:4) mixture (55 mL)
after that (fraction II). Second fraction containing PAHs
was concentrated using rotor-type evaporator and trans-
ferred to micro vials and subsequently concentrated under
nitrogen flow to 30–50 µL. Before instrumental analysis ap-
propriate internal standard was added in each specimens.

OCCs and PCBs analysis was carried out using a
Hewlett-Packard GC/ECD 5790A gas chromataograph.
PAH content was determined using a HP 5972 massspec-
trometer HP 5972. Possible specimens contamination dur-
ing the sample preparation and instrumental analysis was
assessed by the results of procedural blank sample analysis.
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Hydrocarbon derivatives in Pechora River fish, Russia 1037

Table 1. Concentrations of different OCCs in fish tissues (ng g−1 wet weight).

1997

Kolva Usa 2008

Whitefish Vendace Vendace Ide Whitefish
Kolva

Ide
Usa

Whitefish
Korovinskaya Bay

Whitefish

HCB 2.70 1.60 3.20 2.40 3.60 0.81 0.58 1.01
0.84 0.92 2.10 1.45 0.52 0.16 0.04 0.11

α-HCH 1.40 n.d. 1.10 1.35 2.70 0.01 0.03 0.07
0.71 n.d. 0.34 n.d. 0.64 0.05 n.d. n.d.

β-HCH n.d. n.d. n.d. n.d. n.d. 0.03 0.02 0.13
n.d. n.d. n.d. n.d. n.d. 0.01 0.02 0.02

γ -HCH 0.95 0.95 0.71 1.12 2.10 0.15 0.01 0.16
0.42 0.20 0.28 0.73 0.37 0.03 n.d. 0.01

Heptachlor 1.70 1.40 0.85 9.70 0.50 n.d. 0.21 n.d.
0.67 1.30 0.50 0.71 0.74 n.d. n.d. n.d.

trans-Chlordane n.d. n.d. n.d. n.d. n.d. n.d. 0.01 n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

cis-Chlordane n.d. n.d. n.d. n.d. n.d. 0.05 0.01 n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

trans-Nonachlor n.d. n.d. n.d. n.d. n.d. 0.08 n.d. 0.03
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

2,4 DDE 0.75 0.58 0.25 0.23 1.70 0.10 0.06 0.09
0.22 0.39 0.31 1.71 0.26 n.d. n.d. n.d.

4,4 DDE 2.40 4.10 4.40 9.10 2.80 0.84 0.56 1.26
0.56 1.90 2.20 0.76 0.69 0.13 0.09 0.245

2,4 DDD n.d. 0.25 n.d. n.d. n.d. 0.02 0.03 0.18
n.d. 0.15 n.d. n.d. n.d. n.d. n.d. n.d.

4,4 DDD 1.05 0. 91 0.90 0.87 0.60 0.21 0.25 0.52
n.d. 0.85 0.94 n.d. n.d. n.d. 0.02 0.045

2,4 DDT n.d. n.d. 1.20 0.64 n.d. 0.07 0.08 0.15
n.d. n.d. 0.25 n.d. n.d. n.d. n.d. n.d.

4,4 DDT 0.78 0.69 2.00 1.57 0.49 0.05 0.19 0.28
0.36 0.42 0.59 n.d. 0.31 n.d. n.d. 0.03

Mirex n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Aldrin n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Epoxide 0.46 0.21 n.d. 2.20 n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

∗Values in numerator are concentration of substances in liver, values in denominator are concentrations of substances in muscles; n.d. means not
detected.

Certified standard biological material SRM 2974 was used
as a control.

The results of the present study were compared with the
results of the investigation that was carried out at the same
stations in 1997. In 1997 the analysis were carried out in the
international certified analytical laboratory of the “Arctic
Monitoring” regional Centre (St. Petersburg).

Results

OCCs concentrations

Seventeen different OCCs were analyzed in the liver and
muscle tissues of Pechora fish (whitefish, vendace, ide).

The level of examined pollutants was either very low or
under detection limit (Table 1). It is quite difficult to de-
tect differences in OCCs accumulation among the studied
fish species, as concentrations of studied substances both
in coregonids and cyprinids were at about the same level
(Table 1).

In 1997 the highest concentration of substances such as
hexachlorbenzol was observed in the liver of Kolva white-
fish, Usa whitefish and vendace (Table 1). In the liver of
Usa ide, the concentration of this pollutant was slightly
lower (Table 1). However, in 1997 liver tissue of ide from
the Usa river was characterized by the highest concentra-
tion of heptachlor (9.7 ng g−1 wet weight) and 4,4-DDE
(9.10 ng g−1 wet weight) (Table 1).
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1038 Lukin et al.

Table 2. Concentrations of several PCB congeners in fish tissues (ng g−1 wet weight).

1997

Kolva Usa 2008

Whitefish Vendace Vendace Ide Whitefish
Kolva

Ide
Usa

Whitefish
Korovinskaya Bay

Whitefish

PCB#52 n.d. n.d. n.d. n.d. n.d. 0.27 0.22 0.28
n.d. n.d. n.d. n.d. n.d. 0.29 0.17 0.17

PCB#101 1.80 0.55 1.10 0.10 0.97 0.73 0.46 0.71
0.67 n.d. 0.41 0.10 0.57 n.d. n.d. 0.10

PCB#105 n.d. n.d. n.d. n.d. n.d. 0.25 0.22 0.24
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

PCB#138 2.00 3.10 1.51 3.70 2.00 0.62 0.68 0.89
1.55 1.80 0.42 0.31 2.11 n.d. n.d. n.d.

PCB#153 3.60 1.10 2.15 1.71 2.80 0.69 0.59 0.77
0.48 0.35 0.53 0.59 0.75 n.d. n.d. 0.11

PCB#180 n.d. n.d. n.d. n.d. n.d. 0.22 0.33 0.35
n.d. n.d. n.d. n.d. n.d. n.d. 0.03 n.d.

∗Values in numerator are concentration of substances in liver, values in denominator are concentrations of substances in muscles; n.d. means not
detected.

The presence of such compounds was revealed in the
liver and muscle tissues of all studied fish species in 1997
(Table 1). In 2008, hexachlorbenzol and 4,4-DDE were
also present in all examined fish; however the levels of these
substances were considerably lower in relation to 1997
(Table 1). In 2008 heptachlor was observed only in the liver
of whitefish from the Usa River (Table 1). As for lindane
(γ -HCH), in 1997 it was observed in all studied fish species
with the highest concentration in the liver tissue of white-
fish from the Usa River (2.10 ng g−1 wet weight), while 11
years after the concentration of this pollutant decreased
in all studied fish (Table 1). Nonetheless, the observed
values of the pollutants are very low both in 1997 and
2008.

Research carried out by Norwegian experts in the Pe-
chora lower reach (up- and downstream of Naryan-Mar)
in 1997 yielded similar results: thus, OCCs concentration in
whitefish, peled, Arctic cisco, inconnu and pike muscles was
very low: lindane (γ - HCH) and octachlorostyrene concen-
trations were undetectable (<0.07 ng g−1 wet weight).[2]

PCBs concentrations

PCBs content was at extremely low levels, both in 1997 and
2008 at each of the examined stations, irrespective of the fish
species studied (Table 2). From 6 studied congeners, only
3 PCB congeners (PCB#101, PCB#138, PCB#153) were
observed in the liver and muscle tissues of fish in 1997 (Ta-
ble 2). In 2008, all fish showed other liver tissues profiles, in
which presence of all studied PCB congeners was revealed.
However the concentrations of the PCB#101, PCB#138,
PCB#153 congeners decreased compared to 1997 (Table 2).
On the whole, chose for comparison PCB congeners have

demonstrated stable concentration decrease in the muscle
and liver tissues of fish in 2008 compared to 1997 (Table 2).

Looking back at the permissible levels set by the
international commission (PCB for intact fish–0.1 µg
g−1 or 100 ng g−1) one can state that the substances are
present in the Pechora fish liver and muscle tissues in
concentrations safe for the organism (Table 2).

According to Norwegian researchers,[2] total PCB con-
centration in the Pechora lower reach (before the delta) was
also quite low: the values in whitefish and peled muscles
were about 0.3 ng g−1 dry weight, while the greatest PCB
concentrations were reported for Arctic cisco and inconnu
– 1.3 and 0.7 ng g−1 dry weight, respectively. According to
Scotvold et al,[3] PCBs content in whitefish from northern
Norwegian lakes ranges from 0.3 to 0.9 ng g−1 dry weight,
which is believed to be a background concentrations.

PAHs concentrations

Analysis of 24 individual PAHs indicated their content
to be very low in Pechora fish tissues (Table 3). In
1997 the relatively high concentrations of such PAHs as
naphthalene and phenanthrene were revealed in the liver
of whitefish and vendace from the Kolva and Usa rivers,
however, the levels of mentioned substances in the muscle
tissue was considerably lower or even under detection limit
(Table 3). The level of PAHs which is considered as most
toxic (e.g. benzo[a]pyrene, perylene, benzo[k]fluoranthene,
benzo[a]pyrene, dibenz[a,h]anthracene, indeno[1,2,3-
c,d]pyrene, benzo[g,h,i]perylene) was undetectable in the
liver and muscle tissues of all studied fish in two studied
periods (Table 3). In 2008 analysis of the muscle tissues of
ide and whitefish from the Kolva and Usa rivers did not
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Hydrocarbon derivatives in Pechora River fish, Russia 1039

Table 3. Concentrations of individual PAHs in fish tissues (ng g−1 wet weight).

1997

Kolva Usa 2008

Whitefish Vendace Vendace Ide Whitefish
Kolva

Ide
Usa

Whitefish
Korovinskaya Bay

Whitefish

Naphthalene 32.00 29.00 44.00 n.d. 21.00 3.44 n.d. 37.33
9.20 n.d. 23.00 n.d. n.d. n.d. n.d. n.d.

Acenaphthylene n.d. n.d. n.d. n.d. n.d. 4.92 n.d. 117.60
n.d. n.d. n.d. n.d. n.d. n.d. n.d. 8.68

2-Metilnaphthalene 12.00 3.80 8.40 n.d. 3.50 9.74 1.46 116.53
5.00 n.d. 6.10 n.d. n.d. n.d. n.d. 9.54

1-Metilnaphthalene 4.80 3.10 5.20 n.d. 1,8 n.d. n.d. 2.71
1.50 n.d. 3.00 n.d. n.d. n.d. n.d. n.d.

Fluorene n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
12.00 2.10 7.10 6.10 n.d. n.d. n.d. n.d.

Acenaphthene n.d. n.d. n.d. n.d. n.d. 1.41 0.32 12. 41
n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.05

Phenanthrene 22.00 18.00 17.00 25.00 15.00 5.44 1.22 22.00
11.00 3.50 5.10 n.d. 4.20 n.d. n.d. 1.43

Anthracene 1.40 1.40 1.20 1.60 1.80 n.d. n.d. 0.76
0.70 0.70 0.80 0.40 0.60 n.d. n.d. n.d.

Fluoranthene n.d. 4.10 1.90 1.80 1.40 0.59 n.d. 2.85
n.d. 1.70 0.60 n.d. 2.10 n.d. n.d. n.d.

Pyrene 4.00 n.d. 4.80 n.d. n.d. n.d. n.d. 2.90
2.10 2.60 2.00 4.50 n.d. n.d. n.d. n.d.

Benzo[a]anthracene n.d. n.d. 1.20 0.80 n.d. 0.18 n.d. 0.87
0.40 2.10 0.90 0.80 1.20 n.d. n.d. n.d.

Chrysene n.d. n.d. 5.40 n.d. n.d. n.d. n.d. n.d.
4.10 2.40 2.40 n.d. 2.60 n.d. n.d. n.d.

Benzo[a]pyrene n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Perylene n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Benzo[k]fluoranthene n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Benzo[a]pyrene n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Indeno[1,2,3-c,d]pyrene n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Benzo[g,h,i]perylene n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

∗Values in numerator are concentration of substances in liver, values in denominator are concentrations of substances in muscles; n.d. means not
detected.

reveal presence of any examined PAHs, while low levels of
individual PAHs were observed in fish liver (Table 3).

Similar research carried out on fish from the Rybinskoye
storage reservoir revealed PAH concentrations dozens
times greater than in the Pechora fish.[4] Studies by Nor-
wegian researchers conducted in 1997 confirmed low PAH
content in the muscles of peled, whitefish, inconnu and
pike from the Pechora lower reach.[2] Some PAH com-
pounds could not be detected by existing techniques, e.g.
benzo[a]pyrene. The greatest total PAH concentrations

were recorded in the muscles of Arctic cisco (41.5 µg g−1

wet weight) and whitefish (42.5 µg g−1 wet weight).[2]

According to Knutzen,[5] total PAH values in fish muscles
between 20 and 50 µg/g wet weight, and benzo[a]pyrene
between 0.5 and 1 µg g−1 wet weight indicate the presence
of PAH impact on fish organism. And in our case only two
PAH substances (acenaphthylene, 2-methylnaphthalene)
are the exclusion, as their content in whitefish from Pechora
Delta (Korovinskaya Bay) has multiplied since 1997.[2] It
should be noted that little information regarding the acute
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1040 Lukin et al.

or chronic toxicity of acenaphthylene is available, while 2-
methylnaphthalene are among the most toxic soluble com-
ponents of crude oil.[6–9]

Discussion

The level of OCCs in the Pechora fish was evaluated using
the scale developed by Rovinskii et al,[10] in which OCCs
concentrations were grouped into six levels: I – OCCs not
detected, II – below 0.1 µg g−1, III – 0.1–10 µg g−1, IV –
10–100 µg g−1, V – 100–1000 µg g−1, VI – >1000 µg g−1.
It is readily seen that all studied OCCs were found in low
concentrations corresponding to levels I and II (Table 1).

What are the remarkable facts in the analysis of OCCs
content in fish organs and tissues? In 1997 all examined
fish were found to contain heptachlor, which must not be
present in fish organs and tissues as demanded by OCCs-
related health standards.[11] The stringent requirements are
apparently prompted by the high accumulation coefficient
(ratio between heptachlor concentration in aquatic organ-
isms and its concentration in the water), which may reach
1000 and more.[12] The fact that the substance was found,
however, proves that hydrocarbons do enter the Pechora
river ecosystem in 1997. In 2008, heptachlor was observed
only in the liver of whitefish from the Usa River, and the
level was considerably lower compared to 1997.

Analysis of OCCs content also revealed presence of DDT
and its breakdown products in liver and muscle tissues of
fish from the Pechora River and its tributaries in both stud-
ied periods. The data concerning DDT and its derivatives
profiles in fish tissues can be explained by the fact that
parent compound is not as persistent as its metabolites, so
DDT concentrations represent only minor part of the total
DDT load in the organism.

PCBs content was at extremely low level both in 1997
and 2008 in the Pechora River and its tributaries irrespec-
tive of studied fish species. The fact that PCB congeners
are still detected in fish tissues and have shown only lit-
tle decline in the past 11 years at studied sites, probably
indicates that PCBs are still being transported within the
river basin through the atmospheric transport, relocation
of contaminated sediments. On the other hand, the differ-
ences in studied PCB congeners profiles can be related with
transboundary pollution.

According to results of the present study such hex-
achlorobiphenyl congeners as 153 and 138 were the most
abundant PCBs detected in fish tissues. These findings sup-
port the results of similar studies devoted to the investiga-
tion of PCB bioaccumulation profiles in fish tissues.[13,14] It
has been shown that congener 153 is especially persistent,[15]

and that generally higher chlorinated congeners are slower
to be metabolized and eliminated than lower chlorinated
congeners.[16]

It is a well-known fact that fish are among the largest po-
tential source for human exposure to PCBs. And in 1993,

an advisory group on fishery in Great Lakes elaborated
safe level of fish consumption recommendations. The rec-
ommendations are based on permissible level of daily PCB
intake in human organism that is 3.5 µg PCB per day.[17,18]

Relying on the permissible level of PCB intake, 5 groups of
possible consumption of PCB polluted fish can be marked:

i. PCB level is less than 0.05 mg kg−1 – unlimited con-
sumption

ii. PCB level is from 0.05 to 0.22 mg kg−1 – once per week
iii. PCB level is from 0.22 to 0.94 mg kg−1 – once per month
iv. PCB level is from 0.94 to 1.88 mg kg−1 – six times per

year
v. PCB level greater than 1.88 mg kg−1 – consumption not

recommended

Following the recommendations it can be concluded that
fish inhabit the Pechora River and studied tributaries can
be consumed with no limit.

Since fish are able to metabolize and excrete PAHs
rapidly,[19] only limited accumulation of these compounds
was observed in the tissues of fish from the Pechora River
and its tributaries. As a consequence, tissue levels of parent
PAHs usually provide only limited assessment of the expo-
sure level.[20] However, PAHs analysis also showed relatively
high concentrations of several compounds of water soluble
fraction of crude oil in the liver tissues of whitefish from the
lower reach of the Pechora River. The data probably indi-
cate that source of this hydrocarbon compounds are located
directly at the Pechora downstream (Korovinskaya Bay).

The results of our investigation revealed different pat-
terns of PAHs, OCCs and PCBs accumulation in whitefish,
vendace and ide. These differences can be affected by varia-
tions in fat content, behavior, age, size, habitat, feeding and
sexual conditions between studied fish species. Our find-
ings confirm the results of previous studies where species
specific differences in the levels of POP accumulation were
investigated.[14,21, 22]

The current work also showed a great difference of POP
accumulation between the liver and muscles of fish. As a
rule, the liver accumulates such compounds more actively
which is a logical consequence of its function of detox-
icating the incoming hydrocarbons and lipophilicity of
studied substances. Observed tissue differences in studied
compounds accumulation was also described by Miranda
et al., [23] Monosson et al., [24] and Menone et al.[25]

Conclusions

The research has proved that the assessment of the degree
of hydrocarbon products, OCCs, PCBs, and PAHs impact
on fish is quite complicated task. The difficulties of evalu-
ating the effect of the substances are due to the following
factors: firstly, the high degree of their metabolism within
the organism; second, no standards have been developed
for most substances belonging to the group. Thus PCB is
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a group of substances with over 200 theoretically possible
chlorinated biphenyls.[26]

Furthermore, compounds within the group may differ
markedly in toxicity, so the standard set with view to an in-
dividual substance may not be relevant for the whole group.
Relying on the following indicators we can state that fish
in the Pechora is exposed to the effect of hydrocarbons
and their derivatives: presence of heptachlor in fish mus-
cles, relatively high total PAHs content in some coregonids
(compared to other fish species).

Following international parameters, OCCs, PCBs and
PAHs concentrations found in the fish could be classed
as posing no risk to the fish. In river systems, however,
accumulation of some organic contaminants in fish differs
from that in lentic waters. Thus DDT concentration in the
muscles of barbel from a lake was 0. 166 mg kg−1, from
a river – some 8 times less (0.021 mg kg−1).[10] Hence, the
conclusion about the safety of OCCs and PAHs does not
reflect the actual situation. The situation requires that the
changes are diagnosed by studying the processes going on
at the biochemical level, first of all in the protein and lipid
metabolism. There is a chance that metabolism processes in
the Pechora fish now involve anthropogenic hydrocarbons.
Some of the substances are extrinsic to the living nature,
and the consequences of their introduction in the organism
life may be unpredictable.
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