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1. Introduction

In 2003-2005, prior to the start of the MAREANO pro-
gram, a monitoring study of the whole Western Bar-
ents Sea area was carried out by the Institute of Marine 
Research (IMR) in cooperation with the Geological 
Survey of Norway (NGU). Scientific cruises aboard 
the R/Vs Johan Hjort (2003) and Håkon Mosby (2004) 
were carried out in the Norwegian part of the Barents 
Sea in order to collect the samples. The purpose of the 
study was to gather new information about the levels of 
anthropogenic contaminants such as oil (measured as 
total hydrocarbon contents, THC), polycyclic aromatic 
hydrocarbons (PAHs), and other pollutants. Sedimen-
tary processes and potential deposition centres for sedi-
ments were also studied. In this paper, the results of PAH 
and THC analyses in sediments and water are discussed.

The cruises were conducted as part of the ongoing pol-
lution monitoring programme at IMR. Since the petro-
leum industry is now establishing itself in the southern 
part of the Barents Sea, it is important to have sufficient 
basic knowledge about the present background levels 
of oil/PAHs and to have mapped potential depositional 
centres for sediments in order to quantify possible future 
effects of the petroleum activity. 

Polyaromatic hydrocarbons (PAHs) are a large group 
of compounds of varying molecular weights, and thus 
water solubility, volatility and chemical stability. Lighter 
compounds are more water-soluble and volatile than 
the heavier compounds. Some sulphur-containing com-
pounds like dibenzothiophenes are often included in this 
group of compounds. The presence of some PAHs in the 

environment may be of concern due to their acute toxic-
ity or other properties, including carcinogenicity (Sims 
& Overcash 1983; Pickering 2000; Neff 2002). Benzo[a]
pyrene is the best-studied representative of the carcino-
genic PAH compounds (Collins et al. 1991).

PAHs may have anthropogenic or natural origins. These 
may be further divided into pyrogenic, petrogenic, or 
biogenic, i.e. being formed as a result of combustion, 
as part of fossils, or in biological processes. The relative 
amounts of certain PAH compounds may serve to distin-
guish between different types of origin of the local PAH 
present (see, for example, Budzinski et al. 1997). Thus, 
the phenanthrene/anthracene ratio is used to distinguish 
between combustion and anthropogenic inputs, since 
these compounds differ in their thermodynamic stabil-
ity (a low PHE/ANT ratio indicates high temperatures of 
formation). A predominance of alkylated homologues of 
naphthalene, phenanthrene and dibenzothiophene over 
their parent compounds indicates a petrogenic origin of 
PAHs. The presence of certain PAHs may also indicate 
their original source, such as, for example, biogenic pre-
decessors in the case of perylene (Venkatesan 1988).

A large part of PAHs entering the marine environment 
ends up in the sediments. In densely populated and 
industrialized areas PAH levels in marine sediments are 
often elevated in the surface layer and decrease with the 
depth in the sediment core. Sediments found at great 
depths may exhibit low and constant levels of PAHs. For 
example, the industrial era is apparent in the PAH levels 
in sediment samples taken in the Skagerrak, the highest 
concentrations being in surface sediments (Longva & 
Thorsnes, 1997). In the Barents Sea, however, this may 
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not be the case since it is far from populated or industrial 
areas and the levels of PAHs may remain at background 
levels, and any variation in levels may reflect other pro-
cesses than anthropogenic ones.

2. Sampling and analytical methods 

2.1. PAH measurements in the Barents Sea

In 2003, surface sediment samples were collected at 29 
stations in the Western part of the Barents Sea, between 
ca. 70° and 77° North and 20° and 40° East (Fig. 1). In 
2004, sediment samples (including 20 sediment cores) 
were collected at 40 locations along 5 transects each 
extending from the Barents Sea shelf and westwards 
across the continental slope to a depth of 1500 m (Fig. 1). 
In total, this work is based on the analysis of 1692 sedi-
ment samples.

Figure 1: Sampling 
stations of the 2003 
and 2004 cruises.
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The following analyses have been performed on the col-
lected samples:
1. Surface sediment from each station (NGU), 2004

− Total carbon and total organic carbon (Method: 
Leco) 

− Laser granulometry (Method: Coulter)
2. Sliced multicorer sediments from each station (IMR), 

2004
− PAH analyses on a selection of the collected cores.

3. Surface sediment from each station (IMR), 2003, 2004
− Analysis of total hydrocarbons.

All the chemical analyses of sediments have been carried 
out using the accredited methods used by IMR for PAH/
THC analyses. Frozen sediment samples were thawed at 
room temperature, extracted by saponification in metha-
nolic KOH followed by extraction by hexane, removal of 
sulphur by active copper, clean-up on silica Bond-Elute 
column and analysed by GC-MS, with gas chromato-
graph HP-6890 coupled to Micromass Autospec Ultima 
mass spectrometer, in SIR-mode, «Selected Ion Record-
ing». The results were quantified with Opus Quan soft-
ware package. THC has been analysed by gas chromato-
graphy with flame ionization detector (GC-FID). Quanti-
fication limits were 0.5 ng/g dry weight for PAH and 1.0 
µg/g dry weight for THC.

One set of sediment sub-samples was analysed for weight 
percentages (wt. %) of total carbon (TC), total sulphur 
(TS) and total organic carbon (TOC) using a LECO CS 
244 analyser. For the TOC analyses, aliquots (~200 mg) of 
the samples were treated with 10 % (volume) hydrochloric 
acid (HCl) at 60ºC to remove carbonate, and then washed 
with distilled water to remove HCl. We point out to the 
reader that the possible loss of organic material by acid 
leaching is not taken into account. The samples were dried 
overnight (50ºC) and then analysed. The carbonate con-
tent (wt. %) was calculated as CaCO3 = (TC - TOC) x 8.33. 

Grain size analyses of total sediment were obtained 
from laser diffraction techniques (Coulter LS 2000) (for 
details, see Xu 2000, and references therein) and wet 
sieving. The Coulter LS 2000 measured the fractions 
from 0.4 μm to 2 mm while particles larger than 2 mm 
were determined by wet sieving. Prior to each analysis, 
the samples were freeze-dried. The grain size distribu-
tion was determined in relation to volume percent and 
assuming uniform density of the sample.

3. Results and Discussion

3.1. Sediment analyses

Levels of PAHs and THC in surface sediments (2003-
2004) and sediment cores (2004) are presented in Table 
1. Time trends for selected compounds are shown as 
depth profiles in Figs. 2-7. 

For 2004 data, levels of PAHs vary from location to 
location between 37 ng/g and 1360 ng/g for the sum 
of 20 individual components in surface sediments, and 
between 10 ng/g and 1420 ng/g at 14-15 cm depth for 
the same sum (the list of compounds is given in Table 
1). The large difference between various locations may 
indicate a difference in transport of PAHs in different 
areas, which results in differences in their deposition, 
or the presence of local sources such as natural seep-
ages of oil or other organic fossils. A more detailed geo-
chemical analysis is necessary to determine the possible 
origins of the observed PAH present. Most compounds, 
except dibenzothiophenes and C3-naphthalenes, are 
found in smaller amounts than those found in the 
Skagerrak in 1990 (Longva & Thorsnes 1997), and high 
molecular weight PAHs in much lower amounts than in 
the Skagerrak. The mean values for the sum of 20 PAHs 
in the Barents Sea have been measured as follows: 414 
ng/g in 2004 and 509 ng/g in 2003, in contrast to 2025 
ng/g found in the Skagerrak (for 18 of the same 20 com-
pounds). The present data are in good agreement with 
earlier measurements of PAHs in Barents Sea sediments 
carried out by Norwegian and foreign institutions 
(Dahle et al. 2006).

Depth profiles in sediment cores collected at 20 loca-
tions vary from location to location (see Figs. 2-6), but 
as a rule exhibiting no significant increase in deposi-
tion in sediments closer to the surface, which would 
indicate anthropogenic influence. This is contrary to 
the Skagerrak, where there is a clear gradual increase in 
concentrations in recent sediment layers due to human 
activities. In the current study, many locations show 
an obvious increase in PAH amounts in deeper sedi-
ments, probably due to increasing time of diagenesis. 
The mean sum value of concentrations of 20 PAHs at 
14-15 cm depth, 435 ng/g dry weight, is slightly higher 
than the mean value of the surface sediments for the 
same locations, 347 ng/g dry weight. The range of val-
ues in deep sediments is somewhat broader than in sur-
face sediments (see Table 1). In some places, however, 
the concentrations remain at approximately the same 
level throughout the whole sediment core. Only surface 
sediments (0-1 cm cut) exhibit elevated levels of some 
PAHs, probably as a result of higher amounts of organic 
particles in the top layer. 

The highest concentrations of benzo[a]pyrene are 
observed in surface sediments at stations 673 and 677 and 
in sediment cores at stations 30 and 32; however, there is 
no apparent increase in the concentrations of this com-
pound in recent sediments. The levels of benzo[a]pyrene 
at all stations remained within the limits of background 
(below 6 ng/g dry weight) or good condition (6 to 420 
ng/g dry weight) according to the classification used 
by the Norwegian Pollution Control Authority (SFT 
2007). This classification has been developed for evalu-
ating contamination in fjords and coastal waters and is  
mentioned here for comparison.
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At all stations, alkylated naphthalenes greatly predomi-
nated over the parent compound, naphthalene. Alkyl-
ated phenanthrenes predominated at all stations, except 
station 9 where the amounts of the parent compound 
were comparable to those of its alkylated homologues 
and exceeded the amount of C1-homologues. The same 
was observed for dibenzothiophenes at stations 9, 43 and 
45, whereas alkylated compounds predominate over the 

parent compound at all other stations. This indicates the 
petrogenic origin of PAHs in the studied areas.

Trends for a number of selected compounds at stations 
6 and 9, located close to each other, are shown in Figs. 
5 and 6. The increase in PAH concentrations for most 
compounds in deeper sediments is obvious at station 6, 
particularly for perylene. At station 9, on the other hand, 
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Compound 2004 2003

 
Mean 0-1 cm

Range 0-1 cm 
(40 stations*)

 
Mean 14-15 cm

Range 14-15 cm 
(20 stations**)

 
Mean 0-1 cm

Range 0-1 cm 
(29 stations***)

Naphthalene 18.3 1.06 - 88.5 16.6 <0.5 – 106 9.53 <0.5 - 33.3

C1-naphthalenes 88.7 2.72 – 428 97.4 1.22 – 677 57.2 0.55 – 223

C2-naphthalenes 204 5.38 – 911 194 1.47 – 1246 152 1.36 – 689

C3-naphthalenes 228 5.90 – 1095 223 1.12 – 1297 200 1.25 – 963

Acenaphthylene 1.05 <0.5 - 4.90 1.20 <0.5 - 6.97 0.26 <0.5 - <0.5

Acenaphthene 2.33 <0.5 - 14.1 2.35 <0.5 – 11.0 2.52 <0.5 - 21.5

Fluorene 16.6 <0.5 - 98.8 17.4 <0.5 – 113 7.63 <0.5 - 38.0

Anthracene 1.33 <0.5 - 6.40 1.24 <0.5 - 5.40 1.13 <0.5 - 3.27

Phenanthrene 45.5 3.84 – 236 57.2 1.28 – 271 40.6 0.77 – 117

C1-Phenanthrenes 127 4.31 – 538 127 0.95 – 772 96.2 1.44 – 318

C2-Phenanthrenes 191 4.25 – 845 151 1.04 – 932 84.2 1.23 – 314

C3-Phenanthrenes 153 3.28 – 748 142 0.66 – 752 84.3 0.88 – 407

Dibenzothiophene 5.08 <0.5 - 23.8 5.23 <0.5 - 24.5 4.36 <0.5 - 28.3

C1-Dibenzothiophenes 14.0 <0.5 - 60.2 13.4 <0.5 – 47.0 17.3 <0.5 – 107

C2-Dibenzothiophenes 35.9 <0.5 – 147 29.4 <0.5 – 131 35.8 <0.5 – 238

C3-Dibenzothiophenes 39.4 0.57 – 486 30.0 <0.5 – 139 44.1 <0.5 – 239

Fluoranthene 21.6 1.63 - 78.9 17.2 <0.5 - 54.2 29.1 0.85 - 68.2

Pyrene 19.5 1.39 - 70.4 24.2 <0.5 - 80.5 24.5 0.66 - 87.4

Benz(a)anthracene 6.69 <0.5 - 18.6 8.02 <0.5 - 38.7 8.70 <0.5 - 24.5

Chrysene 42.2 1.44 – 168 34.8 <0.5 – 175 30.9 0.92 - 82.4

Benzo(b,j,k)fluoranthene◆ 58.5 7.82 – 204 32.8 2.14 – 114 78.8 3.72 – 168

Benzo(e)pyrene 45.6 3.25 – 207 43.7 1.42 – 208 51.6 1.59 – 134

Benzo(a)pyrene◆◆ 10.4 (II) 1.01 - 38.3 (I-II) 12.9 (II) <0.5 - 47.4 (I-II) 18.6 (I) 0.62 – 56.8 (I-II)

Perylene 25.3 3.61 - 61.9 105 1.69 – 781 109 6.48 – 700

Indeno(1,2,3-cd)pyrene 27.8 3.76 - 53.2 11.6 <0.5 - 49.6 38.1 1.80 - 68.6

Dibenz(a,h)anthracene 7.86 <0.5 - 29.6 5.25 <0.5 - 27.5 8.48 <0.5 - 21.1

Benzo(ghi)perylene 58.9 6.86 – 204 38.8 1.05 – 146 46.3 1.67 - 97.4

Sum 20 PAH 414 37.4 – 1357 435 10.2 – 1418 510 19.8 – 1426

PHE/ANT 36.2 9.41 - 113 52.5 11.0 - 102 36.8 12.6 – 79.0

THC 19.1 3.17 - 70.5  -  - 12.0 <1.0 - 46.5

* Stations 1,2,3,4,5,6,7,9,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,43,45.
** Stations 6,7,9,11,14,17,19,20,21,22,23,24,30,32,34,36,38,40,43,45.
*** Stations 625,627,629,631,633,635,639,643,645,647,649,651,653,655,657,659,661,663,665,667,669,671,673,675,677,679,681,690,692.
◆ Sum of benzo(b)fluoranthene, benzo(j)fluoranthene and benzo(k)fluoranthene.
◆◆ Condition of environment by classification of the Norwegian Pollution Control Authority (SFT) according to SFT (2007) is given in brackets 

(I – background; II – good; III – moderately contaminated; IV – bad; V – very bad). 

Table 1. PAH and THC concentrations in sediment samples from sea cruises of 2003 and 2004 
(PAH, ng/g dry weight, THC, µg/g dry weight).
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the trend is the opposite. The levels of most PAHs remain 
stable from the deepest layers of sediment core up to 
approximately 5 cm depth. At this boundary, a sharp 
increase in concentrations is observed for most com-
pounds, in particular heavy pyrogenic PAH. The highest 

concentrations at all stations are observed for the more 
stable, high molecular weight compounds. 

An overview of PAH levels in surface sediments (0-1 cm) 
at various stations is given in Fig. 7. Maps with PAH levels 
in surface sediments for a few representative compounds 
are shown in Fig. 8. Geographically, the highest levels of 
PAH in surface sediments are observed close to Svalbard. 
Svalbard is the area with large coal reservoirs, and where 
coal-mining activities have been in progress for decades. 
Some oil and gas activities have also taken place in this 
region since the 1990-s. Comparative studies of bottom 
sediments collected in the Svalbard offshore area and soils 
from West Spitsbergen Island have demonstrated the pre-
dominant source of PAHs to be the erosion of coal-bear-
ing bedrock in Svalbard (Dahle et al., 2006). Levels in the 
central Barents Sea and close to the Norwegian coast are 
low, although an increase is observed for some compo-
nents in the eastern part of the studied areas, in particular 
perylene, the compound of biogenic origin. 
 
Ranges of PAH levels in surface sediments vary strongly 
from station to station, spanning five orders of magni-
tude, as shown in the box-and-whisker plot in Fig. 9. The 
widest range of concentrations is observed for dibenzo-
thiophenes, as well as phenanthrenes and naphthalenes, 
while indeno[1,2,3-cd]pyrene exhibits the narrowest 
range. 

Figure 2: Concentrations of C2-naphthalenes in sediment cores from 
various stations (only every second centimetre is shown at more 
than 5 cm depths). Cores longer than 15 cm were taken at stations 
6, 7 and 9 only.

Figure 5: Concentrations of various PAH in sediment cores at 
station 6. NB: Limit of quantification is 0.5 ng/g dry weight.

Figure 3: Concentrations of C2-phenantrenes in sediment cores from 
various stations (only every second centimetre is shown at more 
than 5 cm depths). Cores longer than 15 cm were taken at stations 
6, 7 and 9 only.

Figure 6: Concentrations of various PAH in sediment cores at 
station 9. NB: Limit of quantification is 0.5 ng/g dry weight.

Figure 4: Concentrations of benzo[a]pyrene in sediment cores from 
various stations (only every second centimetre is shown at more 
than 5 cm depths). Cores longer than 15 cm were taken at stations 
6, 7 and 9 only.
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The phenanthrene/anthracene ratio (given in Table 1 as 
PHE/ANT) can be used to evaluate the input of com-
bustion PAHs: it is high if there are no significant inputs 
of organic matter related to high-temperature combus-
tion (i.e. anthropogenic sources), and low (below 10), 
if such inputs have occurred at a significant scale. In 
the studied samples, mean PHE/ANT ratio was signifi-
cantly higher than 10, being 36.2 for 2004 samples and 
36.8 for 2003 samples. Only for one sample, from sta-
tion 9, the PHE/ANT value was below 10 (9.41). Thus, 
no significant influx of anthropogenic PAHs is observed 
in the studied samples, or it is masked by the regional 
PAH pattern.

Levels of total hydrocarbons (THC), measured in surface 
sediments only, are presented in Figure 10 and Table 1. 
The levels vary strongly from station to station, generally 
lying in the ppm range (see Table 1). The highest levels, 
observed at stations 26-33 in the vicinity of Svalbard, are 
in the range of 50-70 µg/g, most other stations exhibit-
ing much lower values, below 20 µg/g. This is in accor-
dance with the Russian data for the central part of the 
Barents Sea, where THC concentrations in surface bot-
tom sediments did not exceed 80 µg/g dry weight, while 
the Russian coastal areas seemed to be much more con-
taminated, with concentrations up to 700 μg/g (Ilyin et 
al. 2004). 
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Figure 7: Concentrations of selected 
PAHs in surface sediments sediment (0-1 
cm) at various stations. NB: Limit of 
quantification is 0.5 ng/g dry weight.

Figure 8: Maps of levels of selected PAHs in surface sediments (0-1 cm) at various stations: a) naphthalene; b) benzo[a]pyrene.
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Based on the results of the chemical analyses, principal 
component analysis (PCA) of the surface sediment data 
for all stations was carried out. The analysis reveals cor-
relations between objects and variables of the dataset, i.e. 
PAH components and cruise stations, by explaining the 
degree of co-variance between the objects and the vari-
ables. Thus, 27 PAH compounds are the objects and 69 
stations are the variables. All data were block-normalised 
and weighted to average, and a 3-principal components 
analysis was run on the datasets. 

The first two principal components explain 77% of the 
variance while the third component explained an extra 
7%. A PCA score plot showing the covariance between 
the objects, and a loading plot showing the covariance 
between the variables, are presented for the first two 
components in Fig. 11. 

Stations 27 to 33 form a distinct cluster with high levels 
of alkylated naphthalenes, phenanthrenes and dibenzo-
thiophenes, being also the locations closest to the Sval-
bard region with its fossil (coal) resources. An erosion of 
coal-rich sedimentary rock at Spitsbergen is a probable 
reason for the elevated PAH levels at these stations. A 
large part of the other stations is at the opposite end of 
the scale, apparently being rich in high-weight combus-
tion PAHs - among these, stations 9, 11 and 40 being low 
in perylene levels (below 6 ng/g). Furthermore, stations 
625, 627, 659, 661, 663, all located in the south-western 
part of the studied area off the Norwegian coast to the 
west of North Cape, and having low hydrocarbon con-
tents, seem to be different from stations in the northern 
part of the studied area. 

3.2. Grain size and geochemical analyses

The composition of sediment material was investigated 
in all samples. For the majority of the samples, the pelite 
fraction (grain size less than 63 µm, i.e. clay and silt) was 
predominant, see Fig. 12. Only 22 stations out of 69, less 
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Figure 9: The range of concentrations 
of various PAH components in 
surface layer sediments (0-1 cm). 
Box boundaries indicate 25th and 75th 
percentile, whiskers indicate 10th and 
90th percentile while dots indicate all 
outliers. A thin line within the box 
marks median values while a thick 
line indicates mean values.

Figure 10: Maps of total hydrocarbon (THC) levels in surface 
sediments (0-1 cm) at various stations from the cruises in 2003 and 
2004.
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than 50% of the grain size distribution was due to pelites. 
On average, the percentage of silt and clay in 2004 sam-
ples was 62.3%, sand 31.6% and gravel 6.2%; in 2003 
samples it was, respectively 68.3%, 27.5% and 4.3%. For 
more detailed information, see Table 2. 

Figure 12 shows the grain-size fractions gravel, sand, silt 
and clay for the top 1 cm sample in the 69 sample sta-
tions. The grain size distribution criteria (>70% of mud, 
particles ≤ 63μm) for comparison of contaminant levels 
between surface sediments in the Barents Sea are not ful-
filled. Large variations in the mud content are particu-
larly evident in the south-western part of the Barents Sea 
and along the upper continental slope. Here, percentages 

for mud vary between 5 and 85 %. The grain size distri-
bution in surface sediments is less variable in the central 
Barents Sea, and the mud content ranges between 40 and 
80 %. This pattern is retained for the northernmost tran-
sect where low variability of grain size is observed. Sand 
and gravel (≥ 63μm) are mainly enriched on shallow 
banks and ridges as well as in coastal settings. 

The total organic carbon content (TOC) varies from 0.2 
to 2.74 wt. % for the whole investigated area (Fig. 13). 
There are regional variations with the highest concentra-
tions in the samples taken south of Spitsbergen and the 
north-eastern Barents Sea with values larger than 1 wt. % 
in most cases. The TOC-values are generally lower in the 
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Figure 11: PCA score and loading 
plots (a: score plot; b: loading plot).

Figure 12: Grain size composition of sediments collected during 
cruises in 2003 and 2004 (in percent of total sample).

Figure 13: Total organic carbon content (TOC) in the 0 – 1 cm sam-
ples, derived from LECO analysis.
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southern Barents Sea. Here most of the samples have val-
ues less than 1 wt. %, with a few exceptions. The organic 
carbon source for the sample stations south of Spitsber-
gen is largely dominated by land-derived organic-rich 
sedimentary material from Spitsbergen (Winkelmann 
& Knies 2005, Knies & Martinez, this volume), whereas 
there may be other sources for the TOC-rich samples in 
the central Barents Sea. Here marine plankton produc-
tion associated with ice edge effects may play a role for 
the high TOC-contents in the top 1 cm of sediment. 
However, analysis of the carbon isotopic composition 
of the organic matter will help clarify these assumptions 
(see Knies & Martinez, this issue). 

A dominant part of surface sediments from the Barents 
Sea is of non-biological (clastic) origin, and the distribu-
tion and transport is mainly controlled by bottom water-
currents. The main sources for sediments today are con-
centrated along the southern coast of the Barents Sea. 
They include the erosion of Quaternary coastal and shal-
low bank deposits and discharge from rivers. In contrast, 
complex processes along the marginal ice zone (MIZ) 
dominate the sedimentation processes in the northern 
Barents Sea. Large seasonal and inter-annual variations 
in ice cover in the MIZ directly affect the primary pro-
duction and release of lithogenic particles in the MIZ. Ice 
melts during spring and summer give rise to a stratified 
and nutrient-rich euphotic zone, which supports a pro-
nounced spring bloom (Sakshaug & Skjoldal 1989). The 
sedimentation is mainly influenced by the water column 
stratification (strong salinity stratification in the Arctic 
water; no stratification in the Atlantic water) and also by 
the activity of planktonic organisms. Zooplankton faecal 
pellets are important constituents of the vertical flux of 
organic matter (e.g. Olli et al. 2002). However, besides 
the photosynthetic organic matter flux, the organic car-
bon content in the Barents Sea sedimentation is also 
influenced by terrigenous organic matter supply, granu-
lometric composition of bottom sediments and the effi-
ciency of organic matter burial and preservation (Stein & 
MacDonald 2004). 

The variability of total organic carbon (TOC) and the 
grain-size of our dataset give the typical pattern for the 
recent sedimentological environment in the Barents 
Sea. Fine-grained sediments rich in TOC occur in shelf 
depressions/troughs along the polar front where Arc-
tic water encounters Atlantic water. Here, the high flux 
of biologic sediments and terrigenous material is related 
to the marginal ice zone (MIZ) (Reigstad et al. 2002). 
In addition, organic matter bound to faecal pellets and 
adsorbed on to clay minerals and oxide surfaces is also 
preserved in surface sediments. Transport of these sedi-
ments from MIZ to the western Barents Sea margin may 
be caused by bottom currents following the bathymetric 
lows to the west. This is inferred from predominantly 
fine-grained sediments in the Storfjord Trough enriched 
in TOC (Fig. 13) and pointing to a source in the central 
Barents Sea (Vogt et al. 2001). In contrast, TOC-poor 
sediments occur in the southern Barents Sea, where most 
of the organic matter is mineralised in the less produc-
tive, ice-free open ocean. In addition, the sediments are 
generally much coarser, confirming the observation that 
enhanced wave and current activity favour mechani-
cal differentiation of sediments, which then defines the 
grain size of sediments and related distribution of TOC 
in the Barents Sea. Tidal currents in the southern Bar-
ents Sea lead to the deposition of mainly coarse-grained 
sediments in the coastal zones, whereas fine-grained 
sediments are transported and deposited in the adjacent 
troughs and depressions in deeper water. Organic car-
bon-rich mud in these troughs and depressions has the 
highest potential for accumulation of contaminants (Fig. 
13). However, this assumed potential can only be veri-
fied by going beyond the regional grid and focusing on 
small-scale accumulation/erosion centres in the southern 
Barents Sea. Indeed, levels of hydrocarbons are often nor-
malized to the pelite fraction (fine sediments, particle size 
less than 63 µm) or to total organic carbon contents. The 
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Table 2. Distribution of grain size in sediments 
from cruises of 2003 and 2004  
(N is the number of stations).

Grain size class* 2004 (N=40) 2003 (N=29)

Mean % SD Mean % SD
Boulders, cobble, pebble 3.9 9.8 2.1 3.9
Granule 2.2 2.8 2.2 3.3
Very coarse sand 2.1 2.5 1.7 2.2
Coarse sand 2.9 3.9 1.4 1.4
Medium sand 3.6 4.1 2.1 1.9
Fine sand 7.9 7.2 8.2 7.3
Very fine sand 15.1 11.2 14.1 10.3
Silt 55.5 24.0 60.8 19.5
Clay 6.8 3.4 7.5 3.2
*Classification according to Buchanan, 1984

Figure 14: The covariance between PAHs and total organic carbon 
in surface sediment samples from the 2004 cruise.
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covariance in the current dataset is heavily dominated by 
samples from the Svalbard area, as shown in Fig. 14.

Conclusions

The Barents Sea remains a clean environment only weakly 
influenced by human activities. Local sources of natural 
origin contribute to elevated PAH levels in sediments in 
some areas, in particular close to Svalbard. In the remain-
der of the studied area, the observed PAH levels are mostly 
due to complex sedimentation processes, influenced by 
biotic activities, long-range atmospheric transport, or sea 
currents. No clear anthropogenic influence upon the Bar-
ents Sea environment is obvious from this study

Acknowledgements: We acknowledge financing of this work by the 
Norwegian Ministry of Fisheries and Coastal Affairs, The Norwegian 
Pollution Control Authority (SFT), The Nordic Council of Ministers 
and the AMAP Secretariat. We are grateful to Julie Andersen for 
creating the maps.  

References

Buchanan, J.P. 1984: Sediment analysis. In Holme, N.A., & McIntyre, 
A.D. (eds.): Methods for the study of marine benthos, 41-65. Black-
well Scientific Publications, Oxford.

Budzinski, H., Jones, I., Bellocq, J., Piérard, C. & Garrigues, P. 1997: 
Evaluation of sediment contamination by polycyclic aromatic 
hydrocarbons in the Gironde estuary. Marine Chemistry 58 (1-2), 
85-97.

Collins, J.F., Brown, J.P., Dawson, S.V. & Marty, M.A. 1991: Risk assess-
ment for benzo[a]pyrene. Regulatory Toxicology and Pharmacology 
13 (2), 170-184.

Dahle, S., Savinov, V., Petrova, V., Klungsøyr, J., Savinova, T., Batova, 
G. & Kursheva, A. 2006: Polycyclic aromatic hydrocarbons (PAHs) 
in Norwegian and Russian Arctic marine sediments: concentra-
tions, geographical distribution and sources. Norwegian Journal of 
Geology 86, 41-50.

Ilyin, G.V., Matishov, D.G., & Kasatkina, N.E. 2004: Himicheskoe 
zagrjaznenie i nakoplenie radionuklidov v jelementah jekosistemy 
Barenceva i Belogo morej. Kompleksnye issledovanija processov, 
harakteristik i resursov rossijskih morej severo-evropejskogo bas-
sejna. (Chemical contamination and accumulation of radionucli-
des in ecosystem elements of the Barents and White Seas. Complex 
investigations of the processes, characteristics and resources of 
the Russian seas of the North-European basin). Apatity. Izd. KNC 
RAN. Vyp. 1, 436-459 (in Russian).

Longva, O. & Thorsnes, T. (eds.) 1997: Skagerrak in the past and at the 
present. An integrated study of geology, chemistry, hydrography 
and microfossil ecology. NGU special publication no. 8, NGU, 98 
pp.

Neff, J.M. 2002: Bioaccumulation in marine organisms. Elsevier, 
Oxford, 452 pp.

Olli, K., Riser, C.W., Wassmann, P., Ratkova, T., Arashkevich, E. & Pas-
ternak, A. 2002: Seasonal variation in vertical flux of biogenic mat-
ter in the marginal ice zone and the central Barents Sea. Journal of 
Marine Systems 38 (1-2), 189-204. 

Pickering, R.W. 2000: Toxicity of polyaromatic hydrocarbons other 
than benzo[a]pyrene: a review. Journal of Toxicology - Cutaneous 
and Ocular Toxicology 19 (1), 55-67.

Reigstad, M., Wexels Riser, C., Øygarden, S., Wassmann, P. & Rey, F. 
2002: Variation in hydrography, nutrients and suspended biomass 
in the marginal ice zone and the central Barents Sea. Journal of 
Marine Systems 38, 9-29. 

Sakshaug, E. & Skjoldal, H.R. 1989: Life at the ice edge. Ambio 18 (1), 
60-67. 

Sims, R.C. & Overcash, M.R. 1983: Fate of polynuclear aromatic com-
pounds (PNAs) in soil–plant systems. Research Reviews 88, 1-68.

SFT. 2007: Revidering av klassifisering av metaller og organiske mil-
jøgifter i vann og sedimenter. (A revision of the classification of 
metals and organic environmental pollutants in water and sedi-
ments). SFT guide for classification of the environmental condition 
in fjord and coastal waters (TA-2229/2007). 12 pp. (In Norwegian).

Stein, R. & Macdonald, R.W. 2004: The organic carbon cycle in the 
Arctic Ocean. Springer Verlag, Berlin – Heidelberg - New York, 363 
pp.

Venkatesan, M.I. 1988: Occurrence and possible sources of perylene in 
marine sediments - a review. Maine Chemistry 25 (1), 1-27.

Vogt, C., Knies, J., Spielhagen, R.F. & Stein, R. 2001: Detailed minera-
logical evidence for two nearly identical glacial/deglacial cycles and 
Atlantic water advection to the Arctic Ocean during the last 90,000 
years. Global Planetary Change 31, 23-44. 

Winkelmann, D. & Knies, J. 2005: Recent distribution and accumula-
tion of organic carbon on the continental margin west off Spitsber-
gen. Geochemical and Geophysical Geosystems 6 (9): Q09012, doi: 
10.1029/2005GC000916. 

Xu, R. 2000: Characterization: Light Scattering Methods. Kluwer Aca-
demic Press, Norwell, Massachusetts, 356 pp.

S. Boitsov et al. NORWEGIAN JOURNAL OF GEOLOGY 


