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Oil contamination of bodies of water in the Russian Federation is one of the most widespread
impacts on ecosystems. The Khanty-Mansiysk autonomous district-Yugra, the main oil extraction
area in Russia, is one of the most oil-contaminated regions. The article summarises data from
hydrochemical research on the level of petroleum hydrocarbons in water and bottom sediments of
water bodies located in the basin of the river Ob.
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Introduction
The Russian Federation is one of the world leaders for its reserves of raw hydrocarbons.
Oil deposits are located in 16 oil and gas provinces. The main ones are the West-Siberian,
Volga-Ural, Timan-Pechora, Caspian, North-Caucasian, Lena-Tungus and East-Siberian
provinces. Annually more than 1000 accidents occur on extraction and transportation
facilities just within the Khanty-Mansiysk autonomous district-Yugra (KHMAD-Yugra),
but it is believed that actual ﬁgures are ten times larger. The level of petroleum
hydrocarbons in river water depends on the accident rate at oil deposits [1]. According to
Greenpeace, every year about 10 million tonnes of oil spill out from broken pipelines in
Russia [2].
The Ob river basin is 2990 thousand km2 and is the largest in Russia. The Ob is the third
Russian river by its ﬂow (after the Yenisei and the Lena). The main contamination of the
Ob-Irtysh basin water bodies is caused by oil and petroleum products, which mostly come
into river water of the Middle Ob where large oil deposits of West Siberia are situated.
KHMAD-Yugra is the centre of oil production in the Russian Federation, with more
than half of all oil produced there. More than thirty oil-production enterprises use subsurface resources in this autonomous district. In 2007, 5480 oil spills were registered on the
district oil ﬁelds, of which 2739 accidents were on oil pipelines, and 2741 accidents were
on water supply lines. In the same year, there were 10,381.4 tonnes of pollutants; of these,
1252.7 tonnes were oil and oily mixture. In 98% of cases, the main cause of these accidents was pipeline corrosion. The highest accident rate was found on oil deposits of
OOO1 ‘RN-Yuganskneftegaz’ (2712 accidents), OAO2 ‘Tomskneft’ (1273 accidents), and
OAO ‘Samotlorneftegaz’ (809 accidents), which accounts for 87.4% of all registered accidents on KHMAD-Yugra oil deposits [3]. On the territory of OOO ‘RN-Yuganskneftegaz’
production operation every second oil spill and two thirds of contaminated area are in
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swamp lands [4]. The water surface comprised 3.7% of the polluted area, while the
number of polluted water bodies occupied 17.3%.
Dynamic development of new oil production districts in West Siberia comes amid a
large number of negative effects. For example, in 1971, there were losses of 2000 tonnes
of oil because of pipeline ruptures and oil spills on oil ﬁelds of Nizhnevartovsk district. In
May 1972, 400 tonnes of oil were lost and the site was contaminated because of delivery
pipe damage on 526 km of active oil pipeline ‘Aleksandrovskoe – Tomsk – AnzheroSudzhensk’. In August 1976, there was an oil spill of more than 200 tonnes on the
Fedorovskoe oil ﬁeld (‘Surguttruboprovodstroi’ business group). In the 1970s, regulatory
authorities did not pay much attention to ecological issues. Development of oil deposits
brought about a number of negative effects on the environment [5].
Results and discussion
Accumulation of oil contamination in the Ob basin is also in the Gulf of Ob and the
Barents-Kara shelf. The analysis of parameters in bottom sediments in the Gulf of Ob [6]
shows that they correspond to background characteristics of the west-Arctic shelf. The
level of aromatic hydrocarbons (on average 7.5 mg/kg) does not exceed background values
for bottom sediments, while its group composition gives evidence for its genetic connection with initial humic material. The distribution of n-alkanes proves the dominant role of
terrigenous humic material in the evolution of organic substance in bottom sediments,
while sustainability of quality and quantity indicators over time shows the stability of the
ecosystem of the Gulf of Ob. There were found pyrogenous components in the sediments,
which could be because of atmospheric transfer of technogenic stack ash and/or because
of ﬂux of transformed organic substance from bank sediments into precipitation.
Hydrologic behaviour of the Kara Sea, especially in its southwestern part, is determined
by river stream-ﬂow, mostly from the Ob and the Yenisei. About 58% of annual river
input falls within spring snowmelt (May–July) and 80% falls within the period from June
to September [7]. The level of hydrocarbons in sea surface water is on average 0.016 mg/l,
which is much less than ﬁshery maximum allowable concentration (MAC) for petroleum
products, and shows evidence for their inconsiderable input or rapid degradation. The
composition of polycyclic aromatic hydrocarbons (PAH) indicates the natural genesis of
hydrocarbons. Rather small concentrations of aromatic hydrocarbons are characteristic of
the surface layer of bottom sediments, which are 3.3–76.6 mcg/g for aromatic hydrocarbons and 9–87 ng/g for PAH. This is because of the low level of organic substances in
bottom sediments (less than 2.4%). This may be caused by the short growing period of
diatoms and low annual average amounts of biomass [7]. Both the lithological type of
sediment and the conditions of sedimentation affect the level of hydrocarbons. A similar
rate of PAH was detected in the sediments of the Niger Delta, which varied from 20.7 to
72.1 ng/g dry weight [8]. The largest variability of hydrocarbon concentrations in water
and bottom sediments was noticed in the ‘the Gulf of Ob – the Kara Sea’ proﬁle cut.
There are both degradation and formation of hydrocarbons in modern bottom sediments of
the Kara Sea. That could indicate the high rate of their transformation in the deposits of
north-polar seas. Comparative investigations of PAHs’ concentrations in bottom sediments
of the Kara Sea shelf, Gulf of Ob and Yenisei Bay showed that highest total PAH concentrations (sum of two- to six-ring aromatic hydrocarbons) were found in sediments from the
Yenisei Bay (ranging from 443 to 657 (mean 537) ng/g dry weight) [9].
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The analysis of colour response curves of aromatic hydrocarbons in bottom sediments
of the Gulf of Ob shows that they mostly consist of biogeneous polyaromatic compounds,
which is common for shelf deposits. The organic substance of these deposits is genetically
related to ground vegetation [10]. When considering summarised colour response curves
of organic substances from river, interior and seaward zones of ‘marginal ﬁlter’, the
researchers found restructuring of molecular composition of aromatic hydrocarbons. The
level of tetra- and penta-aromatic compounds decreases rapidly towards the river-sea, while
the level of light mono-, bi- and tri-aromatic hydrocarbons remains practically the same.
This is because there is selective deposition of the tetra- and penta-aromatic compounds in
the zone of strong coagulation of weighed and colloidal fractions of organic substances.
Sedimentation of low-molecular freely soluble aromatic hydrocarbons is in the seaward
zone with high value of water salinity, and this is indicated by the correlation of C org.
level and high-molecular aromatic hydrocarbons for the sediments in mixing zones
(r = 0.37) and river (r = 0.62), and also its decrease for the seaward zone (r = 0.52) [10].
In August 2001, the level of petroleum products in the water of the large and small Ob
was in the range of 0.03–0.09 mg/dm3. In winter near Salekhard the level of petroleum
products was 0.06–0.07 mg/dm3, which insigniﬁcantly exceeded ﬁshery MAC
(0.05 mg/dm3) [11]. Different concentrations of the petroleum products were identiﬁed in
the sediments. Their level depended on the quality composition of soil. Bottom sediments
are sand, dirty sand and silted clay. Based on the classiﬁcation by Uvarova [12], bottom
sediments of the large Ob refer to ‘slightly contaminated’ soil, sediments in the river Ob to
‘moderately contaminated soil’, and those in the small Ob to ‘slightly contaminated’ type.
All sediments analysed from the Niger Delta were classiﬁed as slightly contaminated [8],
according to Belanchen et al. [13] and Johnson and Larsen [14]. The bottom sediments
most contaminated with petroleum products are upstream from the village Kazym-Mys (up
to 37.3 mg/kg); and upstream from the village Ilya-Gort (up to 36.0 mg/kg); downstream
from Salekhard (26.7 mg/kg); downstream from the village Aksarka (33.0 mg/kg); and
downstream from Salemal (up to 53.3 mg/kg) [10]. In 1995–1998, the average level of
petroleum products in bottom sediments in the Ob was 28 mg/kg near Nizhnevartovsk and
33 mg/kg near Surgut [15].
According to geochemical sampling in the ﬂood plain and tributaries (the rivers
Karagaika, Nelym and Grishkina protoka) in the Irtysh basin, the level of petroleum products changes insigniﬁcantly in bottom sediments and is 159–171 mg/kg [16]. According to
sampling records of 64 water bodies in the basin of the river Tromyegan (the Middle Ob
basin), the average level of petroleum hydrocarbons in the water was 0.050 mg/dm3 in 2009
and 0.039 mg/dm3 in 2010 [17]. In 2003–2006 screening of watercourses which ﬂow
through areas of oil ﬁelds (in Surgut, Nefteyugansk and Nizhnevartovsk districts) determined the levels of various components in surface water, including petroleum products
[18,19]. The lowest level of petroleum products was 0.04 (0.01–0.16) mg/dm3 during
snow-melt ﬂood. The level of petroleum products exceeded ﬁshery max in 15.8% of
samples. During autumn and winter drought period, an increase in the level of petroleum
products can be seen. During these periods, the level of petroleum products exceeded
ﬁshery MAC in 50.0–85.7% of samples. The 2005–2006 engineering and environmental
surveys by OAO ‘Giprotyumenneftegaz’ in the Irtysh basin (130 water samples and 28
bottom sediments samples) estimated the condition of water bodies in Uvatsky district
of Tyumen region [20]. The average level of petroleum products in surface water was
0.38 mg/dm3, which is 7.6 times higher than ﬁshery MAC (excess of MAC in 72% of
samples). The level of petroleum products in bottom sediments on average was 14.6 mg/kg
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(5–48.6 mg/kg), which did not exceed the prescribed legal standard for the maximum
allowable level of petroleum products (20 mg/kg) for water bodies in KHMAD-Yugra. A
signiﬁcant amount of petroleum products gets into rivers with precipitation. In the Middle
Ob basin, the deposition of petroleum products on the surface of the watershed area is by
estimate 11.5 thousand tonnes (in warm season), and annually is 16.5 thousand tonnes [21].
The Vasyugan basin (65,000 km2 area) lies within the northern part of the Ob-Irtysh
interﬂuve and is one of the most oil-contaminated basins within the Middle Ob. Development of oil ﬁelds in the Vasyugan basin began in 1970s. The Vasyugan river (1082 km
long) is the tributary on the left side of the Middle Ob. It ﬂows from the Vasyugan Swamp
at the height of 125 m. The Vasyugan receives ground (21%), snowmelt (68%) and aerial
(11%) water. The river has more than 5000 tributaries. The valleys of rivers are inundable,
the width of the Vasyugan ﬂood plain is up to 2.5–4.0 km [22].
In 2000, petroleum products were found only in the upper part of the river, upstream
from the mouth of the river Egolyakh (0.11 mg/dm3, i.e. twice higher than MAC).
Obviously, this is because of the ﬂux of petroleum products with the water of the Vasyugan
tributaries, which ﬂow through the areas of new oil ﬁelds (the basins of the Chertal and the
Yagylyakh). In the middle area of the river (downstream from the village Novyi Tevriz) and
near the village Staroyugino (the lower area) there was no sign of petroleum products in
surface water [23]. In 1991–1997, the level of petroleum products in the village Srednyi
Vasyugan) on average was 0.404 mg/l (eight times higher than MAC) [24], and in 1999 in
the mouth of the Vasyugan the level of petroleum products was 0.180 mg/l [25].
In the Ob there was on average 1067 kl/ml of oil-degrading bacteria (in 12 samples
from the mouth of the Tom to the mouth of the Vasyugan, 1999); downstream from the
Vasyugan (six samples on the area of about 500 km downstream from the Vasyugan
mouth) the amount of oil-degrading bacteria was more than eight times bigger, and was
on average 8833 kl/ml [26]. It is obvious that the increase in the amount of
hydrocarbon–oxidating microorganisms results from the high level of oil hydrocarbons in
the water of the Vasyugan.
The analysis of data on the level of petroleum products in bottom sediments of the
Vasyugan in 2000 has shown that ﬁgures vary for different areas of the basin [23]. Watercourses on the areas of oil ﬁelds on average have higher levels of petroleum products in
bottom sediments. In the basins of tributaries in the middle area of the Vasyugan there are
the earliest oil ﬁelds (water-shed areas of the Katylga, Makhnya and Cheremshanka),
development and exploitation of which has been carried out for more than 30 years. These
watercourses are the main vectors of the oil hydrocarbons, which contaminate the downstream areas of rivers. The concentration of petroleum products in bottom sediments of the
rivers in these areas was on average 300 mg/kg of soil. In the basins of the Yagylyakh and
the Cheretala, where exploitation of oil ﬁelds is relatively recent, the level of petroleum
products in bottom sediments is four times lower (i.e. 77 mg/kg). Upstream from the
mouth of the Katylga, the level of petroleum products in bottom sediments was only
19 mg/kg. In downstream areas of the river (i.e. 250–400 km downstream from the inﬂow
of contaminated tributaries), the level of petroleum products in bottom sediments shows a
slightly decreasing trend. Near the mouth of the Nyurolka it is 66 mg/kg (moderately contaminated) and near the village Staroyugino it is 59 mg/kg (moderately contaminated).
According to Turov et al. [27], in 2000 the concentration of petroleum products in
the mouth of the Vasyugan was 55 mg/kg of soil, which corresponds to our data. The level
of petroleum products in bottom sediments in the Ob in 1995–1998 on average was
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28 mg/kg near Nizhnevartovsk, 33 mg/kg near Surgut [15], these ﬁgures are twice or three
times lower than those in the Vasyugan in the year 2000.
According to the summarised data over 1997–2005, the average level of petroleum
products in bottom sediments of the Vasyugan was 69.7 mg/kg; in the Chizhapka (ﬁrst
order stream) it was 42.1 mg/kg; and in the Makhnya it was 231.8 mg/kg. On average,
ﬁrst and second order stream of the Vasyugan showed the level of 117.4 mg/kg [28]. High
concentration of petroleum products were registered in the Vasyugan and the Parabel basin
in the lower reach of the Omelich (the Parabel basin) and equated to 0.49 mg/l and in middle reach of the Samlat (the tributary of the Salat, the Vasyugan basin). The maximum
level of petroleum products in bottom sediments was 68.9 mg/kg in the headwater of the
Oglat (the tributary of the Salat, the Vasyugan basin) [29].
The survey of the Vasyugan and its tributaries [30] indicated that the Vasyugan basin
remains an ecological area of oil contamination. There were indications of concentrated
petroleum products, exceeding ﬁshery MAC (from 2.8 to 15.4 mg/l), from the inﬂow of
the Katylga (465 km from the river mouth) to the lower reaches of the Vasyugan. The
most contaminated tributaries of the Vasyugan are the Chizhapka (7.7 mg/l), the Katylga
(7.2 mg/l), the Nyurolka (4.6 mg/l) and the Makhnya (3.0 mg/l).
Various groups of organic compounds are present in the Vasyugan peat water. These
include carboxylic acids, phenols, aromatic and parafﬁn hydrocarbons, organic phosphates
and other compounds. In many cases, the level of natural hydrocarbons in peat water
which are identiﬁed as ‘petroleum products’ exceeds both ﬁshery MAC (0.05 mg/l) and
household MAC (0.30 mg/l) [31,32]. This is caused by the presence of parafﬁns from
C25:C33 with an uneven number of carbons in relatively ‘clear’ peat water [33].
It is obvious that the level of petroleum products in bottom soil of rivers ﬂowing
through oil ﬁelds mostly depends on the exploitation period. A similar pattern was
observed during the analysis of surface water samples [34]. Analysis of 605 samples
clearly traced the increase of petroleum products level in the water when the exploitation
of the oil ﬁelds was of longer duration.
Conclusion
The analysis of research data of oil hydrocarbons in surface water and bottom sediments
of water bodies in the Ob basin indicates a high level of these pollutants in the areas of
oil extraction. Most water bodies show that the level of oil hydrocarbons exceeds
normative standards for water bodies of commercial ﬁshing importance.
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