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Abstract: The aim of this study was to examine the pollution level of polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and selected chloroorganic pesti-
cides (HCH isomers, DDT and its metabolites, aldrin, dieldrin, endrin, heptachlor, endo-
sulfan I and II, and methoxychlor) in surface sediments from selected fjords, tidal plains and
lakes from the North Svalbard area. The sediments were collected from 34 sampling sta-
tions in July 2005. Only endosulfan I and methoxychlor, among selected chloroorganic pes-
ticides, were measured in concentrations near detection limit (LoD) in fourteen sediment
samples. The sum of seven PCB congeners varied from < 0.9 to 5.6 ng g”! d.w. in sediments
from fjords and tidal plains and from < 0.1 to 14.6 ng g"! d.w. in sediments from lakes. The
concentrations of analysed PAH compounds in surface sediments from lakes were over ten
times higher (2;,PAHs to 429 ng g'! d.w.) than in sediments from fjords and tidal plains
(Z,¢PAHs to 36 ng g d.w.).
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Introduction

Svalbard is situated approximately halfway between the North Cape of Nor-
way and the North Pole and is therefore far away from major sources of pollution.

Pol. Polar Res. 30 (1): 59-76, 2009



www.czasopisma.pan.pl P N www.journals.pan.pl

I

60 Grazyna Sapota et al.

However previous studies in this region indicate the presence of dangerous pollut-
ants (e.g. trace metals, PAHs, PCBs and some pesticides) (Risebrough et al. 1976;
Tanabe et al. 1983; Oehme and Man6 1984; Barrie 1986; De Voogt and Jansson
1993; Wania and Mackay 1993, 1996; Villa et al. 2003).

Atmospheric deposition of pollutants on Svalbard has been attributed to
long-range sources despite the presence of local mining industries and coal-fired
power stations in the Isefjord (Rose et al. 2004). It has been postulated that POPs
are released into the environment in the northern temperate latitudes and trans-
ported to the Arctic via the atmosphere, ocean currents, and riverine inputs (Barie
etal. 1992, Fellin et al. 1996). The significant long-range atmospheric transport of
pollutants to Svalbard is thought to originate from the former Soviet Union, West-
ern Europe and North America (Pacyna and Ottar 1985, Pacyna ef al. 1985, Barrie
1986, Beine et al. 1996, Burkow and Kallenborn 2000). The physical and chemical
properties that promote long-range atmospheric transport, and, therefore, the pres-
ence of POPs in the Arctic environment include low water solubility, the presence
in vapour or particle-bound from atmospheric residence times of several days or
longer, and high biological and chemical stability. Transport of these compounds
around the globe can take the several weeks to a month to occur, whereas transport
vertically between the atmospheric boundary layer near the Earth’s surface and the
upper troposphere occurs on a time scale of a month (Graedel and Crutzen 1993).
Additionally, as PAHs associated with airborne particles vary significantly as a
function of their emission sources, some PAH concentration ratio has been used to
indicate vehicular emission sources (Rogge ef al. 1993; Khalili et al. 1995). Rose
et al. (2004) suggested that local small industrial point sources of pollution may
not be negligible when compared to major source from Europe and America. Parti-
cle-bound compounds such as PAH show a clear seasonal trend with values high in
winter and low in summer. For organochlorine compounds, the seasonal patterns
observed were less clear and average concentrations for some compounds were
similar in cold and warm periods (Fellin et al. 1996). It is generally assumed, that
the degradation of volatile and semi volatile compounds is slower in colder areas
compared to warmer ones, since biodegradation and volatilisation processes are
known to be temperature dependent. As the temperature decreases, biodegradation
slows down, and air/water concentration ratio decreases causing a lower rate of re-
moval by photolysis in air. It has long been recognised that the bottom sediments
provide a reliable record of atmospheric deposition to the environment (Oehme
and Mano 1984, Rose et al. 2004; Glowacki 2007; Ravindra et al. 2008; Walker et
al. 2009).

The aim of this study was to examine the pollution level of PAHs, PCBs and se-
lected organochlorine pesticides (HCH isomers, DDT and its metabolites, aldrin,
dieldrin, endrin, heptachlor, endosulfan I and II, and methoxychlor) in surface sedi-
ments from selected fjords, tidal planes and lakes from the North Svalbard area.
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Material and methods

Study area

The region of the Wijdefjorden, Woodfjorden and Bockfjorden, the tidal plains
in Vestfjorden and Bockfjorden and lakes located close to the coasts of Wijde-
fjorden, Woodfjorden and Bockfjorden were selected as the study area (Fig. 1, Table
1). This area is where mixing of the Atlantic waters with Arctic waters occurs. The
different impact of these water masses reach to a place of Wijdefjorden in period of
big activity of the West Spitsbergen Current only. For the rest of time this area is un-
der the influence of Arctic water masses. The other fjords are located under the im-
pact of the West Spitsbergen Current over most of the year (Loeng 1991; Haugan
1999; Jones 2001; Lgyning 2001; Walczowski and Piechura 2006, 2007).

The sampling stations were labelled with Roman numerals [-III for three
fjords and called R for tidal plains and J for lakes. Arabic numerals were used for
labelled stations in selected areas.

The Wijdefjorden is the longest (120 km) fjord of Svalbard with variable depth
to 246 m. The sampling stations I 1 — I 10 were located in this area. The Wood-
fjorden with sampling stations I1I 1, III 2 and I1I 3 is located in NE Spitsbergen. The

10°E

Fig. 1. Location of the Spitsbergen (A) and sampling stations (B).
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Table 1
Characteristics of the study area and surface sediments
. . . . Temperature Humidity LOI
Station Geographical position Sampling date ©C) (%) (%)
Fjords
I1 78°54.40" N, 16°24.60' E 22.07.2005 2.7 32.83 4.76
12 79°00.40" N, 16°19.10" E 22.07.2005 2.1 40.53 4.96
I3 79°05.00" N, 16°05.00" E 22.07.2005 3.6 41.19 4.35
14 79°10.40°" N, 15°49.30" E 22.07.2005 33 37.92 4.25
I5 79°15.00" N, 15°44.00" E 23.07.2005 1.3 38.55 3.88
16 79°20.10" N, 15°42.90' E 23.07.2005 22 48.59 4.75
19 79°38.40" N, 15°45.30" E 24.07.2005 4.6 32.76 1.65
110 79°39.90" N, 15°38.00" E 24.07.2005 3.2 43.02 3.21
Im1 79°27.30" N, 13°22.90' E 26.07.2005 3.6 45.74 4.10
1 79°18.80" N, 13°53.60" E 26.07.2005 2.8 28.65 2.77
II1 2 79°23.60" N, 13°54.00" E 26.07.2005 1.2 37.02 4.14
11 3 79°28.60" N, 13°44.90' E 26.07.2005 4.4 43.58 5.87
Mean 39.20 4.06
(+SD) (5.81) (%1.10)
Tidal plains
RI2 79°06.08" N, 15°38.64" E 22.07.2005 42 25.04 1.82
RI4 79°06.05" N, 15°39.91' E 22.07.2005 4.6 23.48 1.44
RI6 79°06.06" N, 15°40.98' E 22.07.2005 4.5 24.37 1.06
RI7 79°06.05" N, 15°38.42" E 22.07.2005 3.0 25.74 0.85
RII2 79°26.11°" N, 13°23.35" E 22.07.2005 3.2 38.53 2.08
Mean 27.43 1.45
(+SD) (6.26) (0.51)
Lakes
JI1 79°06.20" N, 15°37.91' E 23.07.2005 5.0 39.18 4.25
JI2 79°06.25° N, 15°37.93' E 23.07.2005 43 24.51 2.79
JI3 79°06.34" N, 15°37.91' E 23.07.2005 42 25.64 2.24
JII'1 79°38.47° N, 15°38.40" E 23.07.2005 6.6 21.16 0.40
JII2 79°38.53" N, 15°38.33" E 23.07.2005 0.8 16.54 0.42
JII3 79°38.45" N, 15°38.93" E 23.07.2005 9.9 24.50 0.95
JII1 79°40.33" N, 14°15.40' E 27.07.2005 7.8 41.75 14.56
JIII2 79°40.39’ N, 14°15.07 E 27.07.2005 8.9 45.69 5.92
JII3 79°40.90" N, 14°13.38' E 27.07.2005 6.9 67.47 13.68
JIII 4 79°40.66° N, 14°12.15" E 27.07.2005 8.6 26.02 4.37
JIII 5 79°40.57" N, 14°12.06" E 27.07.2005 9.7 25.71 3.50
JIII 6 79°40.53" N, 14°11.92° E 27.07.2005 7.7 28.31 3.36
JIV1 79°43.58° N, 14°24.12’ E 28.07.2005 6.2 n/a n/a
Jvi 79°48.18 N, 15°40.01" E 29.07.2005 3.2 11.04 3.96
JV2 79°48.20" N, 15°37.87" E 29.07.2005 7.1 71.88 26.41
JV3 79°48.14° N, 15°37.56' E 29.07.2005 7.1 39.08 6.24
JVI1 79°43.11° N, 14°53.12’ E 30.07.2005 6.8 12.71 2.78
Mean 32.57 5.99
(=SD) (x17.52) (6.81)

n/a — data not available
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Bockfjorden with station II 1 is a small arm of Woodfjorden. The Vestfjorden (1 km
long) with investigated tidal plain and sampling stations RI12, R14,R16,R 17 con-
stitutes the western arm of the Wijdefjorden. The Vestfjorden with the tidal plain is
surrounded with the mountain Skirshorg (1318 m a.s.l.). Sediments that have accu-
mulated in the tidal plain area are transported by large rivers running from the gla-
ciers Universitetbreen and Lisbertbreen. The suspended matter carried by the rivers
filled up the fjord and created a tidal plain about 2 km long. The second studied tidal
plain (station R II 2) was located in the beginning of the Bockfjorden which is an arm
of Woodfjorden. The tidal plains were under an influence of different factors origi-
nated from land and sea. The Bockfjorden tidal plain is rounded with elevations up
to 1200 m a.s.l. with a few smaller glaciers and the big Karlsbreen glacier. The rivers
running off from this glacier and many small rivers from the mountain area bring the
fine-grounded material sedimented in the tidal plain.

The lakes located in the Svalbard area are an effect of different forms of glacial
activity, which effected in morphometric differences and different types of water en-
vironments. The present study concerns lakes with different genetic and morpho-
metric properties.

The sampling stations J I 1, J I 2, J I 3 were located in three lakes near the
mountain Skirshorg close to the east coast of Vestfjorden. The lakes were small
and shallow and filled with water from snow-melt. The hydrological conditions
are change from strong discharging in the rain and snow-melt season to no dis-
charge during the dry summer season. The salinity about 11.4 PSU (Practical Sa-
linity Units) might be indicative of incidental sea flows, infiltration and aerosols.
The area around lakes was located up the frontal moraine of Yggbreen glacier and
almost devoid of vascular plants (green plant having a vascular system: ferns,
gymnosperms, angiosperms).

The three sampling stations J II 1, JII 2 and J I 3 were located in the north part
of lateral moraine of Nordbreen glacier which is leaking to the Wijdefjorden. The
plants around this basin were sparse. The water of very small lake (3 m?) with sta-
tion J II 1 has low salinity from aerosols and was supplied by snow and ice-melt
water, and by rain. The lake with station J II 2 was located in slack ice of the border
between moraine and glacier. The lake with J I 3 station was located close to the
leaking place of lateral moraine to the sea and had salinity about 0.2 PSU.

The six sampling stations: J IIT 1, J 12, JII 3, J 111 4, J II1 5 and J III 6 were lo-
cated on the east coast of Woodfjorden (to the North from Mushamn, 57 m a.s.l.)
around tundra plant cover. The investigated lakes were supplied by waters from
small rivers, e.g. runoff under snow and ice. These lakes have characteristic variable
morphometry and size, due to the effect of rain squall or lack of rain (Nowinski
2002). The station J III 1 was located in big (1.2 ha) and deep (3.6 m) lake with per-
manent outflow to the sea. The sampling station J III 2 was located in smaller lake
periodically connected with the lake with station J III 1. The next stations (J IIT 3, J
[T 4 and J I1I 5) were located in a shallow (0.5 ha and 0.1 m) hollow supplied by wa-
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ters from the large catchment area. Despite the location close to the sea (150 m), the
salinity in waters of these lakes was below detection limit. The lake with sampling
station J III 6 was located close to the Wijdefjorden. The salinity about 0.7 PSU
might be indicated on incidental sea flows, infiltration and aerosols. The hydrologi-
cal conditions was changed during the winter and summer seasons.

The sampling station J IV 1 was located in the big lake close to the east coast of
the Woodfjorden (Selungane region), 6 km to the North from J III basin. The lake
waters with significant suspended matter content were originated from snow-melt,
rains and ablation of glacier.

The sampling station J V 1 was located in the next big lake on the east coast of
Woodfjorden with genesis and properties similar as J IV 1. The other two stations J
V 2 andJ V 3 were located close to the area of Woodfjorden. The basin with J V 2
station was the big lake (0.1 ha) supplied by small rivers, with cold desert plants on
the coast and outflow to the sea. The station J V 3 was located in the smaller lake,
seasonally without outflow.

The sampling station J VI 1 was located in the big, typical fiord’s lake on the
western side of the Wijdefjorden (close to the Vogtdalen). The water in this lake
originated from rivers and glacier. The salinity of water was about 0.4 PSU.

Sample collection

The surface sediment samples (0-5 cm) were collected in the period 23r-30t
July 2005. The samples were taken from 34 sampling stations (Table 1, Fig. 1)
with an Ekmann grab of dimensions 23 x 23 cm. The water temperature was mea-
sured on each sampling station.

Laboratory analysis

Humidity.—The sediment samples were air-dried and the humidity was ana-
lysed as mean loss of weight from triplicate measurements (ISO 11464:1994).

Loss of ignition (LOI).—The organic matter content was measured as mean LOI
from triplicate samples at a temperature of 550°C for 5 h for all sediment samples.

PCBs and OCPs.—PCBs and OCPs were analysed according to Bremle et al.
(1995) and Sapota (1997). A subsample of approximately 3-5 g of freeze-dried
sediment sample was Soxhlet-extracted with hexane/acetone (1:2 vol.). Prior to
the extraction internal standards (PCB 65 and 207) were added to the solvent
(Dannerberger and Lerz 1996). The extracts were purified on a column containing
two layers of silica gel (with K,CO; and H,SO,) and eluted with dichloro-
methane/hexane (5:95 vol.). Copper powder was added to eliminate the sulphur.
The eluate was evaporated and dissolved in isooctane.

PAHs.—PAHs were analysed according to Song et al. (2002). A sediment
subsample of approximately 1-5 g air-dried at ambient temperature in a clean-air
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cabinet was extracted 5 h with dichloromethane in ultrasonic bath. The extracts
were evaporated under N, gas stream to about 1 cm? volume and purified on a col-
umn containing silica gel and cooper powder layers and eluted with dichloro-
methane. The eluate was concentrated tol cm? volume under N, gas stream.

GC analysis

The concentration of selected organochlorine pesticides (HCH isomers, DDT
and its metabolites, aldrin, dieldrin, endrin, heptachlor, endosulfan I and II, metho-
xychlor) and seven PCBs (IUPAC No 28, 52, 101, 118, 138, 153, 180) were ana-
lysed by gas chromatograph Agilent Technologies 6890N with electron capture
detector (ECD). Sixteen PAH compounds listed by World Health Organisation
(naphthalene, acenaphtylene, acenaphtene, fluorene, fluoranthene, anthracene,
fenanthrene, pyrene, benzo(a)anthracene, chrysene, benzo(a)fluoranthene, benzo
(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3,cd)pyrene, dibenzo(a,h) anthra-
cene, benzo(g,h,i)perylene) were analysed by GC-MS Hewlet Packard 6890 with
mass selective detector 5973.

The values of all analysed substances were expressed in ng g-! on a dry weight
(d.w.) basis. LoD were 0.1 ng g-! of PCBs and pesticides and 1 ng g-! of PAHs. Re-
coveries for all PCB compounds varied between 90-104%. Recoveries for pesti-
cides varied between 75-89% and for PAH compounds 83-116%. Recoveries for
lightest compounds (naphthalene, acenaphtylene, acenaphtene, fluorene) were
>80% and 90-116% for the rest.

Results and discussion

Generally the concentrations of analysed substances were lower in sediment
samples collected in fjords and tidal plains than in lakes. The organic matter and hu-
midity content are given in Table 1. The LOI concentration in sediments from inves-
tigated lakes was higher than in other analysed samples. Perhaps it was a result of
suspended matter transported by river runoff from mountains and glaciers. The con-
tent of LOI in sediments from fjords and tidal planes ranged respectively from
1.65% 10 5.87% (mean 4.06% +1.10) and from 0.85% to 2.08% (mean 1.45% +0.51)
(Fig. 2). Similar values of organic matter concentration were found in other Arctic
fjords: Kongsfjorden 1-9% (Zaborska et al. 2006), Akulliit to 7% and Kuanersuit to
9% (Gilbert et al. 2002) and Kangerdluk (Greenland) 6-8% (Gilbert et al. 1998).
The small content of organic matter in sediments from station I 9 was connected with
geological bottom structure of the Wijdefjorden area (Kowalewski et al. 1990). Sta-
tion I 9 was situated on the bottom elevation, which caused organic matter run-off.
The inflow of organic matter to the tidal plains located farther from the glacier was
smaller. However, the sediments from investigated lakes contained from 0.4% to
26.4% LOI (mean 5.99% +6.81) (Fig. 3). The smallest LOI content was indicated in
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Fig. 2. Humidity and LOI content in sediment samples from investigated fjords and tidal plains.
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Fig. 3. Humidity and LOI content in sediment samples from investigated lakes.

sediments from sampling stations J IT 1, J I 2 and J II 3 located in the north part of
lateral moraine of Nordbreen glacier seeping in to the Wijdefjorden.

The concentrations of OCPs, PCBs and PAHs in sediments depend on organic
matter content (Lohse 1988, Dannenberger and Lerz 1996, Andrulewicz and
Poutanen 2002) and were confirmed by results in this study. In sediments with
high concentrations of organic matter the contents of analysed material increased,
except in sediments from station I 9, where the sum of sixteen PAHs was 36 ng g*!
d.w. and LOI was only 1.6% (Fig. 4).
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Fig. 4. The content of X PAHS in surface sediments.

The concentrations of analysed PAH compounds in surface sediments were de-
tected only on five stations from fjords and one station from tidal plains. The con-
tents of X,;PAHs in sediments from fjords and tidal plains (£,;PAHs to 36 ng g'!
d.w.) were over ten times lower than in sediments from lakes (X,,PAHs to 429 ng g*!
d.w.) (Table 2, Figs 4 and 5). The presence of PAHs in analysed sediment samples
from lakes was ascertained only in two sampling areas: J III close to Wijdefjorden
and J V (Woodfjorden area) (Table 2). In the remaining samples the concentration of
PAHSs was near detection limits (1 ng g' d.w.). Similar ranges of PAH concentra-
tions (to 640 ng g'! d.w.) were reported by Rose et al. (2004) in surface and pre-in-
dustrial lake sediments from the west coast of Svalbard. The analytical results show
that the high molecular weight PAHs such as fluorine, chrysene, benzo(a)fluor-
anthene, benzo(a)pyrene, benzo(g,h.i)perylene and indeno(1,2,3,-cd)pyrene, domi-
nate the total fraction, whereas low molecular weight PAHs were found in relatively
very low concentrations. Similar results were reported by Fellin ez al. (1996) for the
Ellesmare Island (Arctic) and by Ravindra et al. (2008) for the border area between
Belgium and France. The authors obtained also high concentrations of that the high
molecular weight PAHs. Seasonal and meteorological parameters also play a role in
limiting the PAHs concentrations and generally a higher concentration of PAHs in
winter season was found. The higher concentration in winter mainly indicates its re-
lation with increased emission from domestic heating and power plants at low tem-
peratures (Fellin et al. 1996, Ravindra et al. 2008).

The presence of investigated PCB congeners was found in all sediment sam-
ples (except sediments from stations J I 1 and J I 2). The sum of seven PCB conge-
ners varied from <0.9 to 5.6 ng g'! d.w. in sediments from fjords and tidal plains
and from <0.1 to 14.6 ng g'! d.w. in sediments from lakes (Table 3 and 4, Figs. 6
and 7). The PCBs content in sediments from station I 9 was relatively high (3.5 ng
g ! d.w.) among the investigated sediments from fjords and tidal plains. CB 153
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Table 2
The content of PAH compounds in surface sediments from lakes
Compound JI | JT | JO | JIL | JI | JUI|JUL | JUI|{JOL|JUT|JIV|[JV | IV |[JVI
[ng g'dw.] 2 | 3 1 | 23] 1|2/|3 )| 4]5 1| 2] 3 1
nafthalene nd | nd | nd | nd |nd|nd|nd| 7 nd | nd | nd 6 | nd
acenaphtylene 1 1 1 1 2 12 4 11 3 4 nd 4 nd
acenaphtene nd | nd | nd | nd 3 1 5 1 1 nd | 12 | 13 | nd
fenanthrene nd | nd | nd | nd | nd 1 nd 1 nd | nd | nd 1 14 | nd
anthracene nd | nd | nd | nd | nd 2 1 1 1 1 nd 7 6 nd
fluoranthene nd | nd | nd | nd | nd | nd 2 1 3 4 1 8 9 1
fluorene nd | nd [ nd | nd | nd | 19 6 6 7 5 nd | 13 | 17 | nd
pyrene nd | nd | nd | nd | nd | 3 1 6 0 0O | nd| 7 6 | nd
chrysene nd | nd | nd | nd 1 3 5 4 1 1 1 6 6 | nd
benzo(a)anthracene nd | nd | nd | nd | nd | 20 | 10 3 nd | nd | nd | Il | 14 | nd
benzo(a)fluoranthene nd | nd | nd | nd 2 4 1 46 2 3 nd | 40 | 67 | nd
benzo(k)fluoranthene nd | nd | nd | nd 1 2 3 10 1 2 nd | 18 | 23 | nd
benzo(a)pyrene nd | nd | nd | nd | nd | 38 54 1 2 4 | 'nd | 92 | 28 5
benzo(g,h,i)perylene nd | nd [ nd | nd | nd |74 | nd | 36| 2 3 nd | 142 | 48 | nd
indeno(1,2,3,-cd)pyrene] nd | nd | nd | nd | nd | 16 | 11 22 | nd | nd | nd | 42 | 20 | nd
dibenzo(a,h)anthracene | nd | nd | nd | nd | nd 9 6 13 | nd | nd | nd | 23 15 | nd
X ,PAHs 1 1 1 1 7 1207 | 55 226 | 23 | 28 | 2 | 429 296 | 6
nd - below the LoD (1 ng g*)
Table 3

The content of PCB compounds in surface sediments from fjords and tidal plains

[S;"gﬁ";‘f\‘f] 11|12 /13|14|15|16|19 110|111 |IM1|II2|M3|RI2/RI4/RI6|RI7RII2
CB28 |04|03|nd | nd|nd|nd|nd| nd |04 | nd | 04| nd|04]04]|04]|03]|06
CB52 04|07 nd|nd|nd nd|nd| nd | 06| nd | 04| nd|09|07]|1209]12
CB 101 |0.6/04|0.8|0.6/0.6/0.5|nd| 09|04 |03]|07]|nd|05]|05]|09]|05] 07
CB118 |06 03/0.8/0.8/0.7]0.7/1.1| nd | 05]05]09 05| nd |06 1.1]09]1.1
CB 138 04|nd |07|nd|nd|nd/nd| nd | nd | 05|11 |05 | nd | 03| nd | nd | nd
CB 153 04|nd |16|nd|nd|nd|14| nd | nd | nd | 09 | 0.6 | nd | 0.8 | nd | nd | nd
CB 180 nd |nd |nd |nd|nd|nd|1.1| nd | nd | nd |13 nd | nd | nd| nd | nd | nd
3,PCBs |2.9|1.7|38|1413/12|135/09 19|13 |56 16|18 |35|37)|26)|36

nd - below the LoD (0.1 ng g*)

and respectively CB 118, 101 and 52 (Table 3) were identifying in the highest con-
centrations in sediments from fjords and tidal plains. CB 138 and than CB 118
were dominated (Table 4) in sediments from lakes. The changes in percentage by
weight of CB 138 and 153 can be explained by anaerobic process of PCB conge-
ners degradation, which prefers disconnection of chlorine atoms in meta- and
para-positions in CB 170, 180 and 187 (Mamantov 1985). CB 101 and 118 are a
product of photolysis process of CB 153 (Falandysz 1999). The highest content of
PCBs was identified in sediment samples from lakes located on the east part of
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o average [ J standarderror L standard deviation
* outliers value # extremal value

Fig. 5. The statistical analysis of X PAHs concentration in surface sediments from fjords and tidal
plains (A), and lakes (B).
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Fig. 6. The content of X PCBs in surface sediments.
Table 4

The content of PCB compounds in surface sediments from lakes

Compound | JT | JTI | JII | JT0 | JOO | JOOT | JTON | JTOD | JTOD | JONL | JIV | IV | IV | IV |TVI
mggldwl]| 3 | 1 | 2|3 |1 ]2 3|45 |6/ 1] 1|23/ 1

CB 28 06 1 05/04 0606 )05|11]02]03]02)03]03]|15)09]0.1
CB 52 04104030518 |05]10]06]09]07)03]04|15)19]03
CB 101 03]105/03)05]06,05]03]04[07]03]01]02]10]13]0.1
CB 118 071141040507 230411 ]12]06)01]05]12)18]0.0
CB 138 0305060725 43|68 [39[49|15]18[10]65]62]25
CB 153 nd | 04 /05| nd |19 1006 | nd |nd | 05| nd | nd | 1210 nd
CB 180 nd | 1.1 |04 | nd |16 | 1901 |06 |06 01| nd | nd | nd | 15| nd
>,PCBs 23 | 48 |29 |27 |96 |11.0104] 68 | 86 | 3.9 | 2.6 | 24 |12.8|14.6| 3.0

nd - below the LoD (0.1 ng g")

Wijdefjorden and Woodfjorden. The highest concentrations of PCBs were indi-
cated in sediments from stations J V 2 and J V 3. Perhaps it was the result of atmo-
spheric transport and deposition (AMAP 2004, Romanov 2004, Vana 2004).
Glowacki (2007) suggested that the most of the gas and dust pollutants in the Euro-
pean part of the Arctic have sources in Russia. Rose et al. (2004) presented compa-
rable results of PCBs content in surface and pre-industrial lake sediments from
west coast of Svalbard (1.25 ng g'! < £,,)PCBs < 13.52 ng g'!). The authors sug-
gested that it is possible that the presence of PCBs in pre-industrial sediments may
represent pre-industrial levels of PCBs in the environment (Rose et al. 2004).
Sanders et al. (1992) suggested that small traces of PCBs and PAHs may have been
transferred from recent sediments to deeper uncontaminated sediments by mixing,
bioturbation, or sampling extruding methods.
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o average [ standard error T standard deviation
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Fig. 7. The statistical analysis of £, PCBs concentration in surface sediments from fjords and tidal
plains (A), and lakes (B).
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Fig. 8. The content of XOCPs in surface sediments.

Both PCBs and PAHs ratio data of heavy and light compounds (Table 5) were
comparable with results of similar latitudes (78°50° to 79°40° N) of west Svalbard
(Rose et al. 2004). These ratios show the decreases with latitudes. The PCBs data
show a linear decrease with latitude whilst the PAHs data show an exponential de-
crease (Rose et al. 2004). The ratio of CB 153 : CB 28 ascertained in this study was
0-3.3 and respectively 1.4-1.9 of west Svalbard, fluoranthene:fluorene 0-0.8, chry-
sene-fluorene 0-1 and respectively 1-1.2 and 1.7 for west Svalbard. The ratio of
heavy: light PAHs in sediments from fjords and tidal plains was not available. The
ratio of CB 153 : CB 28 in sediments from tidal plains was 0-2. The ratio for fjords
was ascertained on four stations (I 1, 12, IT 1 and III 2) and was amounted 0-2.6.

Among the selected OCPs in analysed sediment samples were ascertained only
trace concentrations of endosulphan I and methoxychlor. These pesticides were
present in two samples from tidal plans (stations R I 2 and R I 4) and twelve sedi-
ment samples from lakes. The concentrations of pesticides ranged from 0.1 to 0.4
ng g'! d.w. (Figs 8 and 9). Fellin et al. (1996) have evaluated that the seasonal pat-
terns for organochlorine compounds were less clear than for PAHs and average
concentrations for some compounds were similar in cold and warm periods.

Table 5
Ratios of heavy: light PCBs and PAHs compounds in sediments from lakes

JI|\JIN| JID | JID | JIO [ JIIL [ JIOT | JII | JIX [ JII [ JIV | JV | JV | JV |[JVI
311 2 |3 1 2 3 4 5 6 1 1 2 3 1

CB 153:CB 28 0 [08]12]0[33[]19]05| 0 0 [28] 0 0 |08[12] 0
fluoranthene:fluorene| n/a | n/a | n/a |n/a| 0 | 03|02 |04 |08 |n/a|n/a|na|06]05]n/a
chrysene:fluorene n/a|n/fa|n/a|nfa| 02]01]10] 0 O |nfa|nfa|nfa|05]04)n/a

n/a — data not available
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o average [ standarderror L standard deviation
* outliers value * extremal value

Fig. 9. The statistical analysis of XOCPs concentration in surface sediments from fjords and tidal
plains (A), and lakes (B).
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Conclusions

Since the late 1960s detectable concentrations of POPs have been discovered in
many environmental matrices (air, water, sediments and biota) in the Antarctic and
Arctic (Sladen et al. 1966; Risebrough et al. 1976; Tanabe and Tatsukawa 1980;
Muir et al. 1995; MacDonald et al. 2000; AMAP 2004). In this study the concentra-
tions of analysed substances (PAHs, PCBs and OCPs) were lower in sediment sam-
ples from fjords and tidal plains than from lakes. The LOI concentrations in sedi-
ments collected in lakes ware higher than in other samples. The concentrations of
analysed PAHs in surface sediments from fjords and tidal plains were over ten times
lower than in sediment samples from investigated lakes. The presence of PCB con-
geners were detected in all sediment samples (except stations J I 1 and J I 2). Only
trace concentrations of endosulphan I and methoxychlor were detected among the
selected OCPs in sediments. The higher concentrations of LOI in surface sediments
from lakes were mostly connected with organic matter inflow in this area. The high
concentrations of PAHs, PCBs and OCPs were obtained in sediments with high con-
centrations of organic matter. The distribution pattern of obtained POPs concentra-
tions suggested important role of long-range atmospheric transport of these pollut-
ants to Svalbard. The analytical results show that the high molecular weight PAHs
such as fluorine, chrysene, benzo(a)fluoranthene, benzo(a)pyrene, benzo(g,h.i)pery-
lene and indeno(1,2,3,-cd)pyrene, dominate the total fraction, whereas low molecu-
lar weight PAHs were found in relatively very low concentrations.
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