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Polycyclic aromatic hydrocarbons (PAHs) are key contaminants of concern under the Arctic Environmental Monitoring Programme (AMAP) due to
their carcinogenic potential. The concentration of the different PAH components may be connected to the geochemical background of the sediments,
including leakage and erosion of fossil carbon, as well as epigenetic processes such as decaying peat. In other cases there is a human influence connected
to petroleum spills or combustion of fossil fuel or other human activities. The overall goal of this study was to identify and analyze existing comparable datasets on PAHs from Norwegian and Russian arctic shelves, and use the concentration and composition of PAH components in the selected
datasets to assess baseline concentration of PAH, geographical anomalies and sources and routes of transport, as well as the human impact. PAHs in
330 samples of surface sediment from the Barents and Kara Sea shelves, collected during the period 1991-1998, have been selected for the study.
In the Southwest Barents Sea the nature of PAHs is formed by a complex sedimentation regime made up of inflowing Atlantic and North Sea water,
coastal discharges, coastal abrasion and atmospheric transport. The PAHs basically correspond to background compositions with a low but notable
anthropogenic influence. In the Northern Barents Sea both concentration and composition of PAHs are genetically (genesis, conditions and level of
transformation) connected with eroded sediment material from the Spitsbergen and Franz Josef Land archipelagos. The relative high PAH levels
observed off Spitsbergen thus generally may have a non- anthropogenic explanation. In the central part of the Barents Sea the PAH levels in the
deep-water bottom sediments are generally low, non-anthropogenic in origin, and determined by endogenous processes. Erosion and re-deposition
of Novaya Zemlya strata do not have a significant influence on PAH composition in this part of the Barents Sea. In the Southeast Barents Sea
(Pechora Sea) the PAH composition corresponds, in general, well with the PAH allocation in the Barents Sea. However, the terrigenous influence is
stronger. The PAH composition exhibits both epigenetic processes (such as the high level of perylene which most probably is derived from decaying
peat) and the presence of petrogenic PAH. The latter findings may be due to the influx of rivers draining oil-rich onshore territories. In estuaries
and offshore the Kara Sea the PAH composition of bottom sediments reflects the significant influence of river run-off (with the same patterns as in
the Pechora Sea), but also atmospheric transport of combustion derived PAHs, most probably from the smelters in Norilsk.
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Introduction
Polycyclic Aromatic Hydrocarbons (PAHs) are key
contaminants of concern under the Arctic Environmental Monitoring Programme (AMAP) due to their
carcinogenic potential. The concentration of PAHs may
be connected to the geochemical background of the
sediments, including leakage and erosion of fossil carbon, as well as epigenetic processes such as decaying
peat. The distribution of organic carbon in sediments
of the region is defined by variations of biological productivity as well as the amount and composition of suspended terrigenous matter. Background parameters of
organic matter in bottom sediments including contents
and composition of bitumoids, humic acids and hydro-

carbons vary according to organic carbon distribution.
Spatial distribution of PAHs, as part of hydrocarbons,
also depends on the genesis of sedimentary material.
Alongside natural factors causing PAHs distribution,
there is also a human influence represented by petroleum spills, combustion of fossil fuel or other human
activities.
There are three major types of PAHs, which differ
genetically: petrogenic, biogenic and pyrogenic. PAHs
of petrogenic origin are formed by low to moderate
temperature diagenesis of sedimentary organic matter
to fossil fuels. The approximate percentage of fossil
PAHs relative to total PAHs can be counted using the
Fossil Fuel Pollution Index – FFPI (Behm & Farrington
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Fig. 1. Bottom sediments sampling sites included in the present study (sampled between 1991-1998).

1984). PAHs of pyrogenic origin are formed as a result
of both natural (volcanism, hydrothermal or catagenetic transformation of organic matter) and anthropogenic (combustion of fossil fuels and recent organic
material) processes. The relative amounts of the less
stable kinetic PAH isomers (e.g., anthracene) compared
to the more stable thermodynamic isomers of the same
molecular mass (e.g., phenanthrene) can indicate combustion or anthropogenic inputs. The phenanthrene/anthracene ratio (PHE/ANT) is temperature dependent
(Alberty & Rei 1988), its value decreasing with an
increase of PAH production temperature. High temperature processes (800 to 1000 K) can be characterized
by low PHE/ANT ratio values (4 to 10) (Gschwend &
Hites 1981; Colombo et al. 1989; Budzinski et al. 1997).
PAHs of biogenic origin are generated by biological
processes or by the early stages of diagenesis in marine
sediments (e.g. perylene) (Venkatesan 1988).

Aims of the study
The aim was to identify, quality assure, and analyze
existing comparable datasets on PAHs from Norwegian
and Russian arctic shelves, and use the concentration
and composition of PAH components in these selected
datasets to assess the baseline concentration of PAH,
geographical distribution, sources and routes of transport, as well as the human impact.

Materials and methods
Sediment surface samples were collected in the Barents,
Kara and White Seas during the period 1991-1998 (Fig.
1) by Akvaplan-niva, Institute of Marine Research and
VNIIOkeangeologia.
Sediment samples were retrieved using both a 0.1 m2
van Veen grab and a gravity corer with a plastic liner.
The top (0-1 cm or 0-2 cm) surface layer was collected
for analyses of PAHs and grain size. All samples were
frozen onboard ship at -20˚C and stored frozen until
being analysed. The fraction of the bottom sediment
having a grain size <63µm (silt+clay=pelite) was determined gravimetrically after wet sieving. Sediment water
content was determined after drying a sample to constant weight. The chemical analysis were performed at
Unilab Analyse AS (Tromsø, Norway), VNIIOkeangeologia (St. Petersburg, Russia) and IMR (Bergen, Norway). The procedure used for the analysis of PAHs is
based on the International Oceanographic Commission
guidelines (IOC, 1982) with minor modifications.
Unilab Analyse. Individual sediment samples (25-100 g)
were homogenised, treated with methanol and KOH,
and refluxed for 1.5 h. together with a 1.0 ml solution
of seven deuterated PAHs. The solid fraction was removed by filtration and the elute containing PAHs was
extracted with pentane. The extracts were purified by
column chromatography using Varian Bond Elute solid
phase extraction cartridges containing 500 mg silica
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Fig. 2. Distribution of sediment material with grain size less than 63µm.

(Varian LRC, A1211-3036) and eluted with pentane
and dichloromethane. The final extract was analysed by
capillary column gas chromatography with mass
spectrometric detection (Hewlett-Packard MS 5971,
HP 5890 Gas Chromatograph equipped with a
split/splitless injector and a 25 m x 0.20 mm ID HP
Ultra 1 column, and HP G 1034 B software for MS
ChemStation). Unilab Analyse is accredited for
hydrocarbon analyses according to the European standards of NS-EN 45001 and ISO/IEC Guide 25. Since
1996, the laboratory has participated successfully in the
Quality Assurance Laboratory Performance Studies for
Environmental Measurements in Marine Samples
(QUASIMEME). More detailed method and QA
description are given in Savinov et al. (2003)
Laboratory of organic geochemistry, VNIIOkeangeologia.
Sediment samples were dried to constant weight. Samples
(50-100 g dry weight) were extracted in a Soxhlet extractor with chloroform for 48 hours. Sample clean-up was
achieved by passing extracts through columns containing
activated copper. Asphaltene fraction was deposited with
petroleum ether. Fraction separation was carried out by
preparative column chromatography on silica gel
column. Aromatic hydrocarbon fraction was dried by N2
blow down to constant weight. Acetonitrile was added to
sample prior to injection on a MILICHROM GC
(Petrova & Batova 1996). The laboratory has national
accreditation, and during these analyses also took part in
the intercalibration carried out by the British Antarctic
Survey in the framework of the "Antarctic hydrocarbon

monitoring program" (1994).
Chemistry laboratory of Marine Research Institute. Wet
sediment samples (70 g) were boiled under reflux with
0.5N alcoholic KOY for 1.5 hours followed by liquid/liquid
extraction with pentane. Extracts were volume reduced
and cleaned on silica gel columns prior to injection on a
Hewlett Packard 5987 A GC/MS in SIM mode (Klungsøyr
et al. 1988). IMR chemistry laboratory has participated in a
number of inter-comparitative exercises for validation of
the method: 1992-1993 – International Sediment
Exchange for Tests on Organic Contaminants (SETOC),
since 1993 to present – Quality Assurance of Information
for Marine Monitoring in Europe (QUASIMEME).
The data were partly used for Institute reports and
publications in international journals (Klungsøyr et al.
1995; Loring et al. 1995; Yunker et al. 1996; Iljin et al.
1997; Savinov et al. 2000, 2003; Cochrane et al. 2001;
Dahle et al. 2003). Original data on PAH levels from
three laboratories were quality assured, checked for
comparability and combined.

Statistical Methods
The hypothesis of normal distribution was tested using
the Lilliefors test. This hypothesis was not rejected for
log-transformed PAH concentrations therefore homogeneity of variances was tested by the Newman-Keuls test

is sum of naphthalene, phenanthrene, anthracene, dibenzothiophene and their alkyl-substituted homologues, acenaphthylene, acenaphthene, fluorene, fluoranthene, pyrene,
benzo[a]anthracene, chrysene, benzo[b+k]fluoranthene, benzo[e]pyrene, benzo[a]pyrene, perylene, benzo[ghi]perylene, indeno[1,2,3-cd]pyrene and dibenzo[a,h]anthracene. 2Pyr PAH is sum of
PAHs with four- to six- ring hydrocarbons, perylene excluded.
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and phenanthrene/anthracene ratio (PHE/ANT) in surface bottom sediments from the different Arctic areas. Number of samples (N), arithmetic mean ± standard deviation (M±S.D.) and geometric mean (GM). Sampling areas are sorted in the order of increasing ∑PAH levels.

Table 1. Polycyclic aromatic hydrocarbons (ng/g d.w.), Total toxic-benzo[a]pyrene-equivalent (TotalTEQ, ngTEQ/g d.w.), Fossil Fuel Pollution Index (FFPI, %)
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using log-transformed data. Null hypotheses
(equality of means) were rejected at the 95%
significance level (p<0.05). Cluster analysis
(Ward's joining clustering method) was used to
group the stations by relative PAH concentrations (% of ∑PAH) in the sediment samples.
Estimation of the possible PAH source contribution to the ∑PAH was done using non-linear
estimation of the least-squares model (Burns et
al. 1997). All statistical procedures were performed using STATISTICA version 5.5, StatSoft,
Inc. Mapping was performed with Ocean Data
View software (Schlitzer 2003).

Results and discussion
Sediment characteristics
The pelite fraction was predominant over most
of the area investigated (Fig. 2.). The highest
percentage of fine-grained sediment (>80%)
was found in bottom sediments from the northern part of the Barents Sea while in the
south-eastern part of the sea, the fraction of
sediments with grain size <63µm varied from 1
to 79%, and was 35% on average. More coarse
sediments were also found in shallow areas in
the eastern Barents Sea, and on banks around
Bear Island. In the western Kara Sea and the
inner Gulf of Ob there is a lack of data.

Total PAH levels
The results of the PAH analyses and also some
characteristics of PAH composition in different arctic areas are summarized in Table 1.
The investigated region was divided into the
following areas: the White Sea, Kara Sea shelf,
Ob and Yenisei estuaries. The Barents Sea was
subdivided into north-west (NW Barents Sea
and Svalbard inshore), north-east (NE Barents
Sea, Franz Josef Land inshore and Novaya
Zemlya inshore), south-west (SW Barents Sea
and Kola and Pechenga Bays) and south-east
(SE Barents Sea and Pechora Sea areas).
The highest SPAH concentrations (sum of twoto six-ring hydrocarbons) with the range 267119774 ng/g d.w. were found in sediments from
the Svalbard inshore area. The geometric mean
of ∑PAH calculated for sediments from this
area was significantly higher in comparison
with the other areas investigated (Table 1).
Alkylated homologues of naphthalene and
phenathrene/anthracene predominated in the
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Fig. 3. Distribution of ∑PAH (ng/g d.w.) in surface bottom sediments from the Barents, Kara and White Seas, 1991-1998.

PAH compositions. They accounted in sum for more
then 70% from ∑PAH.

FFPI values found for these areas were significantly
higher in comparison with the other areas investigated.

High levels of ∑PAH were also found in sediments
from the Kola and Pechenga bays and NW Barents Sea.
(Table 1, Fig. 3). There was no significant difference
between mean ∑PAH concentrations in sediments
from these areas, however, but the PAH patterns
differed. The PAH composition in sediments from the
NW Barents Sea was similar to those found in the
Svalbard inshore area while fluoranthene, pyrene and
alkylated homologues of dibenzothiophene predominated in PAH compositions in sediments from the bays.

There are rich coal deposits on the Western Spitsbergen
Island, and coal mining has taken place on several sites
since 1906. The first oil from the Paleogene strata was
obtained on Western Spitsbergen in 1992. Spouts of
gas, gas condensate and light oil from coal deposits
were obtained in shallow wells on the coast of the
Billefjorden (Isfjorden). According to Russian
estimates, the total resources of the archipelago,
including adjacent sea areas, exceed 6 billion tons of oil
equivalents (Verba 2000).

The lowest ∑PAH concentrations were found in the
Pechora Sea, the White Sea and the Kara Sea shelf
(Fig.3). Geometric means of ∑PAH concentrations in
sediments from the areas were 46, 56 and 92 ng/g d.w.,
respectively, and they did not differ significantly from
each other (Table 1). There was a tendency to
decreasing SPAH from north to south and from west to
east for Barents Sea sediments (r=-0.593, p<0.001 and
r=-0.592, p<0.001, respectively).

Petrogenic PAHs

Estimation of possible sources contributing to the PAH
composition was performed by 4 groups of sampling
stations from the north-western part of the Barents Sea
(Svalbard inshore included) and combined according
to the relative concentrations of PAH compounds (Fig.
5). For identification of PAH origins the following possible sources were used: atmospheric dust (NIST SRM
1649), crude oil, lightly weathered diesel oil, diesel soot,
combustion products (Burns et al. 1997), and mixed
coal samples from two mines located in Longyearbyen,
and background PAH. The average PAH composition
in sediments from two core samples (18-19 cm layer)
(stations 9 and 16, Fig. 5a) was used as background.

Relative contents of petrogenic PAH according to the
Fossil Fuel Pollution Index (FFPI) were highest in the
NW Barents Sea and Svalbard inshore (Table 1, Fig. 4).

The following possible PAH sources were identified in
the sediment samples: Svalbard coal, crude oil and
atmospheric dust. PAH patterns in the sediment samples
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Fig. 4. Spatial distribution of the Fossil Fuel Pollution Index (%) in bottom sediments from the Barents, White and Kara Seas.

Fig. 5. Sampling site locations in the north-western part of the Barents Sea (a), observed and predicted PAH patterns in sediment samples from
stations combined to the clusters (b) and contributions of possible PAH sources into _PAH (c).
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Fig. 6. Spatial distribution of pyrogenic PAH total (ng/g d.w.) in bottom sediments from the Barents, White and Kara Seas.

from all stations showed petrogenic PAH predominance
(Fig. 5b). Together with background PAHs, which
accounted for 20-60% of the ∑PAH, Svalbard coal was
identified in sediment samples from all sampling stations (Fig. 5c). Crude oil was identified at 55 stations, the
most of which are located in the Svalbard inshore area.
And, finally, pyrogenic PAH predominant atmospheric
dust was identified at 38 stations located in Svalbard the
offshore area, but only at 13 of them its contribution was
significant (more than 40% from ∑PAH).
The interrelation between organic matter of bottom
sediments from the northwest part of the Barents Sea
and Spitsbergen soils was also shown on the basis of a
comparative study of sediments and possible contamination sources with coal-bearing formations of various
geneses (clarain and sapropel coal). The similarities of
material and mineralogical structures, the level of
catagenetic transformation, structure and distribution
of n-alkanes and PAH composition confirm their
common genetic generality (Petrova et al. 2000a). Thus,
high PAH contamination of bottom sediments from
the Svalbard area is connected with both natural
impacts such as rock erosion in coal-rich areas and
seepage of oil hydrocarbons as well as possible
anthropogenic impacts such as transportation of
wind-blown particles from coal piles.
Elevated FFPI values (48 to 36% on average) were
found in sediments from the Kara Sea, Pechora Sea,
Kola and Pechenga Bays. A predominance of more

highly alkylated homologues of naphthalene, phenanthrene and dibenzothiophene over their parent
compounds was typical for bottom sediments from
these areas. This usually indicates the presence of
petroleum, including crude oil and its refined products.
Oil pollution of bottom sediments from the Pechora
and Kara seas can be due to areas intensive oil and gas
activity (Loring et al. 1997; Petrova et al. 2000b), while
it is probably a result of other types of human activity
(discharges from cities, harbors and shipping etc) in
the case of the bays of the Kola Peninsula.

Pyrogenic PAHs
The highest pyrogenic PAH levels (sum of PAHs with
four- to six-ring hydrocarbons, perylene excluded) were
found in sediments from Kola, the Pechenga Bays and
Svalbard inshore (Table 1, Fig. 6.). They were significantly higher in comparison with the other areas investigated. Comparison of the group and the molecular composition of organic matter in bottom sediments from the
Svalbard shelf and in Cretaceous coal-bearing rocks
collected on the archipelago, showed their genetic similarities and similar degree of maturity, this indicating
local and mainly natural origin of pyrogenic PAHs in
sediment from the Svalbard area (Yunker et al. 1996).
Benzofluoranthenes, Benz[e]pyrene and benzoperylene
were predominant in the composition of pyrogenic PAH
in this area. While in bottom sediments from the Kola
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Fig. 7. Spatial distribution of phenanthrene/anthracene ratio in bottom sediments from the Barents, White and Kara Seas.

and Pechenga Bays combustion-related PAHs, fluoranthene and pyrene, were the most abundant compounds.
The phenanthere/anthracene ratio (PHE/ANT) was used
as an indicator of combustion (anthropogenic) PAH
input. The lower ratios (PHE/ANT<10), which are related to high-temperature combustion of organic matter
were found in the White Sea (3.8), in the Ob estuary
(8.7), in the Barents Sea, in the Kola and Pechenga Bays
(1.7), in SW Barents Sea (8.4) and in SE Barents Sea (4.5)
(Table 1, Fig.7). This pattern overlaps with a major
branch of the Atlantic current (Fig. 7), and may thus be
explained by inflow of PAHs of anthropogenic origin. In
the Svalbard area this influx may be masked by the
strong signal from the regional PAH pattern.
A number of pyrogenic PAHs (benzo[a]anthracene,
benzofluoranthenes,
benzo[a]pyrene,
indeno
[1,2,3-cd]pyrene and dibenzo[a,h]anthracene) are
known to be potentially carcinogenic (Conney 1982;
Connel et al. 1997). Among these benzo[a]pyrene is the
only PAH for which toxicological data are sufficient to
produce a carcinogenic potency factor (Peters et al.
1999). Data are available, however, to quantify the
toxicities of other potentially carcinogenic PAHs
relative to benzo[a]pyrene, expressed as toxic
equivalency factors (US EPA, 1993) for an estimate of
Total toxic benzo[a]pyrene-equivalent (TEQ). Mean
values of Total TEQ calculated for the areas investigated
vary from 1.5 (Kara Sea shelf) to 102 ngTEQ/g d.w.
(Kola and Pechenga Bays) (Table 1).

Perylene
Perylene is one of the most typical PAHs of natural
origin. It has possible dual major sources, both marine
and terrigenous. Favourable environments for the
formation and preservation of perylene are anoxic
marine environments and terrigenous peaty deposits,
and also aquatic or marine regions with high biological
productivity (especially rich in diatoms) such as in
upwelling zones, estuaries or lakes (Venkatesan 1988).
Perylene was predominant in PAH compounds in
sediments from the Ob and Yenisei estuaries, the Kara
Sea shelf, Novaya Zemlya inshore, NE Barents Sea,
Franz Josef Land inshore and the Pechora Sea. Perylene
contribution to ∑PAH in sediments from these areas
varied from 23 to 39%.
In the Ob and Yenisei estuaries, perylene concentration
varied from 31 to 375 ng/g d.w. (Table 1, Fig. 7). The
highest perylene concentration for the areas investigated
was found in the Yenisei and Ob estuaries, and is most certainly a result of early diagenetic transformation of humus
material. This explanation is supported by the decrease in
the content of perylene and other organic matter, in connection with the transport of terrigenous matter by rivers
into the sea (Petrova 2001; Dahle et al. 2003).
High perylene levels (up to 287 ng/g d.w) were found in
sediments from Franz Josef Land inshore area (Table 1, Fig.
8). This probably indicates the important role of erosion
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Fig. 8. Spatial distribution of perylene (ng/g d.w.) in bottom sediments from the Barents, White and Kara Seas.

and redeposition of organic matter originating from the
black-shale formations situated on the Franz Josef Land
archipelago, and which forms this region’s geochemical
background. Comparative studies of the minerals, materials
and the hydrocarbon structure of bottom sediments and
carbonaceous formations of the Franz Josef Land archipelago support this conclusion (Petrova et al. 2000a).
High perylene concentrations were also found in the
central part of the Barents Sea (Fig. 8). This area is
located close to the polar front and is characterized by
high levels of primary production with predominance
of diatoms in phytoplankton communities (Savinov
1997). This may contribute to the high perylene
content in the bottom sediments.

Conclusions
Southwest Barents Sea. The nature of the PAHs is due to
a complex sedimentation regime made up of inflowing
Atlantic and North Sea water, coastal discharges, coastal
abrasion and atmospheric transport. The PAHs
basically correspond to the background composition
with a low, but notable anthropogenic influence.
Northern Barents Sea. Both concentration and
composition of PAHs are genetically (genesis,
conditions and level of transformation) related to
sediments eroded from the Spitsbergen and Franz Josef

Land archipelagos. The relative high PAH levels
observed off Spitsbergen may therefore have a
non- anthropogenic explanation.
Central part of the Barents Sea. The PAH levels in the
deep-water bottom sediments are generally low, both
natural and anthropogenic in origin, and determined
by endogenous processes and the transport of PAH’s by
the Atlantic current. Erosion and redeposition of
material from Novaya Zemlya sedimentary strata do
not have a significant influence on PAH composition in
this part of the Barents Sea.
Southeast Barents Sea (Pechora Sea). The PAH composition corresponds in general well with the PAH
allocation in the Barents Sea. However, the terrigenous
influence is stronger. The PAH composition reflects
both the operation of epigenetic processes (such as a
high level of perylene which most probably is derived
from decaying peat) and the presence of petrogenic
PAH. The latter findings may be due to the influx of
rivers draining oil-rich onshore territories.
Estuaries and offshore the Kara Sea. The PAH composition of bottom sediments reflects the significant
influence of river run-off (with the same patterns as in
the Pechora Sea), but also the atmospheric transport of
combustion-derived PAHs.
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