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POLLUTANTS PRESENT IN DIFFERENT COMPONENTS
OF THE SVALBARD ARCHIPELAGO ENVIRONMENT

ZANIECZYSZCZENIA OBECNE W RO ZNYCH KOMPONENTACH
SRODOWISKA ARCHIPELAGU SVALBARD

Abstract: During last years an interest in the processesaofsport and fate of pollutants to the polar regio
located distantly from industrial centers, has gigantly increased. The current analytical techus enabling
conducting studies prove that the Arctic regiomstie past considered as a pollution free area@ bagcome an
area of highly intensive anthropopresion. Svaltanchipelago stands out from the other polar regares to its
specific environmental conditions and geographicalimn, which results in becoming a reservoir of
contamination in this area. Systematic environmemtanitoring of arctic regions is extremely impartalue to
an unigue opportunity of observing a direct impafgbollution on the ongoing processes in the aféaterest. In
this way measurement data obtained are a valuablees of information, not only on changes occuriimghe
Arctic ecosystem, but also on estimated global ihpaf certain xenobiotics present in the environtnen
Furthermore, qualitative and quantitative studiasparticular chemicals deposited in different regiof the
Arctic ecosystem may constitute the basis for utadtérg actions aimed at preventing negative effeatssed by
these pollutants.

Keywords: long-range transport of pollutants, persistentinrg pollutant

Introduction

Svalbard is an archipelago located between 74°N &iféN and 10-35°E. Situated
entirely northward from the polar circle, it is @olated group of islands, separated from
Greenland and Franz Josef Land by wide straits. Sdandinavian Peninsula, closest part
of mainland Europe, is 800 km distant from Svalbdrdus, the area is far from potential
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sources of pollution, besides small local souréagen so, the Arctic haze phenomenon
extends the residence time of pollutants in loo&irenment [1].

There are a few permanent settlements in Svalbarduding the capital -
Longyearbyen (others are: Ny Alesund, SveagruvaBaréntsburg). All these were set up
as mining localities, however Ny Alesund changedde fully into a research centre, and
the other settlements (particularly Longyearbyer® partly research and tourism bases.
Several research stations are located in otheeplan Spitsbergen island: the Polish Polar
Station in Hornsund and smaller, seasonal resestations,eg in Kaffioyra, Bellsund,
Petuniabukta [2]. On Bjornoya and Hopen, there rasteorological stations led by the
Norwegian Meteorological Institute. There are dsth weather and radio stations on Kapp
Linne (Isfijord Radio). All the research activitiese undertaken in accordance with the
Svalbard Treaty, signed on th& Bebruary 1920 [3].

These settlements and ships are main local conéamisources. Cruise ships
concentrate their activities in the vicinity of Heund, Bellsund, Isfjord and north-western
coast of Spitsbergen, but they reach also Nordeott and Edgeoya. Not only they burn
fuel and pollute the air, but they also allow themds of tourists visiting coastal parts of
these islands (mysteriously, they land most fretjyen places occupied by Red Listed
plant species) [4]. Even organic air pollution da of local origin,eg in Longyearbyen
snowmobile traffic causes in April and May “rushdnbmaxima of aromatic hydrocarbons
in the air (up to 10 ppb [5]).

However, the main source for pollution Svalbardthe long-range transport of
contaminants, and their persistence due to Araetphenomenon. There is still ongoing
debate, whether this transport is happening indinefor all the way or maybe some
substances are travelling in the seawater with rocaarents [6]. A deposition and
remobilization theory, that includes both transpawdia, is a possible solution to this
question [7]. When the pollutants reach Svalbatkirt occurrence is detected in
atmospheric monitoring stationsg(Ny Alesund).

Transport of pollutants throughout the Svalbard Archipelago

Pollutants can be transported over significantadisés. They can cross national
borders and even continents. The range of theiaéinpan be distanced from their source of
emission by thousands of kilometers, which is whg tharmful effects of chemical
compounds introduced into the environment was tggdefor a long time. The results of
research conducted on the quality of air and wiatereas considered to be free from the
influence of anthropogenic pollution indicate thatrmful compounds are deposited on
a vast area, including the Svalbard archipelago [8]

Transport of pollutants over long distances inctud&ansport in surface waters,
transport in air, global distribution of pollutanis difference components of the
environment (air, water, soil, living organisms).[9

For the most part, transport over long distancescsnsequence of the mass movement
of air or water. However, the movement can alsaupdy diffusion, rapid in the air and
somewhat slower in water. The fate of pollutantpetels both on the properties of the
substances themselves as well as environmentalr$acthe properties of substances that
may affect their transport and distribution in #vironment includes: polarity, partition
coefficient, vapor pressure, stability. Meanwhitee environmental factors which have
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a crucial significance include: temperature, wipeed, air mass circulation, the move of
surface waters (currents) [9].

The deposition of pollutants in the Svalbard areldigo is determined by its position
(high geographical latitudes) and climatic factdrsw temperatures recorded in this area
mean that a condition for survival for many spedganimals is the consumption of lipids,
which are the main source of energy. Fats, howeaer,a very good solvent for a large
group of pollutants, which contribute to their pgagon into the food chain [10].

The presence of persistent pollutants from anthgepiz sources in environmental
samples collected from polar areas indicate thegelcompounds can be transported over
long distances, far from the places of their redeimto the environment. The transport of
pollutants to polar regions occurs mainly throudje &atmosphere. During the winter,
atmospheric circulation contributes to the creatibra “tunnel”, through which pollutants
are transported from regions in Central Europe iaddstrialized areas of Siberia. During
the summer, the transport of pollutants from lovegitudes to the north is difficult. The
resulting polar front creates a barrier to theytell air masses [11].

The transport of pollutants over long distanceslépendent on circulation and the
movement of air masses as well as the physica sefathe pollution. They can appear both
in a gaseous phase as well as in bound forms,asidhoplets and dust particles. Pollutants
can be deposited in wet and dry forms [9].

Oceans also play an important role in the circafaind removal gbersistent organic
pollution (POPs). Much of the POPs in water originate framaspheric deposition. Less
volatile and more hydrophobic POPs (suclpalgcyclic aromatic hydrocarbons, PAHS) in
marine waters may be subjected to sorption by roiganisms. In this way, a portion of the
POPs is removed from surface waters; however, hdsobstances do not decompose but
are stored in sediments [12].

Pollutants in water appear in various forms. Thay te dissolved or adsorbed in
suspension. In this form, pollutants can be trartspoover long distances. The main factor
in the spread of pollutants is surface currentsotAar important factor influencing the
transport of pollutants is water density, whoserdase results in water masses being
transported to ocean deeps. It is often assumedteans, as a result of their size, dilute
pollutants and at the same time reduce their cdret@ns to low levels. However, the
distribution of pollutants is not uniform, whichrcée caused by currents and the falling of
suspended matter to the ocean bottom. Also, asudt ref the inclusion of POPs in the
marine food chain, pollutants can be transportegr @ignificant distances and cause the
movement of these compounds from one ecosystemother [9].

Geological-climatic considerations of the Svalbard Archipelago

Geological and geomorphological circumstances

Svalbard is a geologically diversified area, caivgisof rocks formed as early as in
Precambrian, as well as Tertiary and Quaternaryresds. Western and north-eastern part
of the archipelago is built of rocks call&the Basement, formed before Silurian. These
rocks underwent multiple metamorphosis, folding &mdting episodes. The oldest rocks
found in the area, dated using zircon minerals3a@0 million years old [13]. The southern
part is generally formed by post-Devonian stratigh Wertiary rocks located in the middle
of the area (Central Tertiary Basin, with almostitantal rock layers [14]). Devonian rocks
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show only in the middle north of Spitsbergen (thiggbst island of the archipelago).
Tertiary strata contain coal seams, recently mimedthe vicinity of Longyearbyen,

Sveagruva and Barentsburg (the latter being ratieninal [15]). Several oil drilling

research activities were undertaken, but no sicanifi field was found so far in Svalbard
shelf [16, 17].

60% of Svalbard area is glaciated, thus glaciers ba considered the main
geomorphological factor in the archipelago. Mosthaf area is covered by individual ice
streams, which join in areas lacking ridges andataks. There are some cirque glaciers as
well in the area [18]. 90% of glaciers in Svalbam considered polythermal (subpolar),
partly below pressure melting point temperaturepidally, the glaciers move with
moderate velocities, not exceeding 1 m per yeawéter equivalent) for ice flow and 10 m
per year for surface velocity at ELA. However, chpiovement occurs as well, particularly
during surge episodes (surge-type glaciers beimgenous in Svalbard; [14, 18]). Surges
tend to repeat in cycles, which in Svalbard lastwben several decades and several
hundreds of years [19].

Earlier in the Quaternary, the whole Svalbard wageoed with an ice sheet. Once it
melted, isostatic movements lifted the land, leguiaised beaches next to the shores [14].
Even nowadays the mass balance of Svalbard gldsiaegative, so the percentage covered
by ice diminishes. Particularly intensive ablatisexperienced by tidewater glaciers, where
additional ablation process is calving [19]. Alonigh glaciers, ice-cored moraines melt and
reshape [20].

The non-glaciated area of Svalbard shows an infleesf glacial and fluvioglacial
shaping, with vast moraines and sandurs, as welkgglacial processes [20, 21]. Coastal
zones show influence of former deglaciation [28trRafrost in Svalbard is continuous with
depths varying between 1 and 500 meters, deperadingdistance from the sea [14]. The
freeze-thaw processes in the active layer caustothwtion of patterned grounds in forms
of rings and hexagons, or sometimes without thathmagularity. In areas with thick debris
cover, like scree slopes and talus cones, rockegtadorm by freezing of water between
rock fragments. Another periglacial feature oftgroteed in Svalbard is formations of
pingos - some 80 of them were identified in the hgelago [14]. A thorough
characterisation of these and other periglacialnphena in Svalbard was given by
Humlum et al [23].

Geological circumstances (limestone, marble, ddierand gypsum layers) facilitate
the occurrence of Karst features in the archipelagavell. On the shores, littoral karstic
processes form niches and rounded stacks. In adeations in Svalbard hydrothermal
Karst occurs. The largest area of hydrothermal tdmsated on Sorkappland, is formed
around Trolosen springs. Features similar to karefj caves, are also found in glaciers
[24].

Climatological conditions

Geomorphology of Svalbard, due to its significampgortion of ice-covered area, is
prone to change for climatic reasons, particulaibth recent warming trends. For example,
in the years 1995-2005 the mean surface air temyperan the Arctic has risen for 1°C as
compared with 1951-1990 mean, which was followedrdtyeat of many glaciers in the
archipelago [25].
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Temperatures in Svalbard are highly influenced hmy lbcal branch of Gulf Stream,
which makes the area the most favourable placéhénArctic - temperature-wise - for
human activities [26]. The warm current increadss the humidity of the area, so that the
Norwegian Arctic is one of the most humid part bé tnhorthern circumpolar area [27].
Moreover, the warming effect has been increasingr dlie last decades, as shown by
surface sea water temperature changes. Around 8dalthere were statistically significant
warming trends of surface sea water temperaturedaet 1983 and 2004 [28].

Not only oceanic, but also atmospheric circulatisilapes major climatological
conditions in Svalbard. Typical atmospheric cirtiola for Svalbard is dominated by low
pressure, eastern and northern directions of dluxinespecially between October and
March [29]. However, the circulation patterns inafbard have changed significantly since
1950. The frequency of southern and western citiomlancreased, and also, the activity of
low pressure systems increased [30]. These chainjesnced also the frequency of
extreme precipitation events (with high totals)c8ese of that, two years in the last decade
of 20" century in Hornsund were characterised by preatipit totals above 600 mm [31].
The highest daily total in Hornsund was reachetiig4, and it equalled to 58.3 mm [32].

Precipitation is significantly influenced by the ographic effect, eg winter
accumulation snow on Hans glacier (in water egengl can be even 10 times the
precipitation in Polish Polar Station in Hornsuethse to the sea shore, during the same
period [33]. Also the topoclimate of glaciers irdhces precipitation and temperatures
locally [34]. Typical annual precipitation totals the stations located close to the sea shore
vary between 190 and 525 mm [35].

Radiation in Svalbard is heavily influenced by aairaycle of polar day and night, with
transitional periods in spring and autumn. The mavith highest total radiation is Jureg
in Hornsund in 2008 the total radiation amounte&46 MJmZ2 The radiation balance for
Hornsund for one year (V 2008 - IV 2009) was eqoall05 MJm?® which portrays the
harsh conditions in the area [36]. Thus, the vegetatarts to bloom in lower temperatures
than in temperate latitudes: 0°C is the beginniihngegetation period in Svalbard and 2.5°C
is enough for flowers to blossom and produce sg&€ds

The plant cover interacts with local climate coiwdis both ways. Albedo values on
tundra differ between a few and 90% in autumn, wikensnow cover is not stable; on the
opposite, spring values are characterised by venallschanges. In the summer
(July-August), only 14+17% of incident radiation isflected from the plant-covered
surface, which enables the ground to gain warmthatttime. The ground devoid of plant
cover conducts heat downwards while plants consaweurable conditions for life in the
thin layer around the ground surface [38, 39].

Hydrological features

The main sources of liquid water in Svalbard ardtinge of the glaciers, snow and
permafrost plus rain. In glaciated catchments 9@%verall discharge comes from glacier
melt [40]. The characteristics of a proglacial riveitflow were described by Sobota et al
[41] using Waldemar River in Svalbard as an exampleak discharges occurred in
connection to high temperatures and foehn effédtn daily discharge dynamics links to
temperature cycle (with a small time lag), with imia in the morning and maxima between
4 and 6 p.m. Typical for proglacial rivers is highspended sediment load, for Waldemar
River on average 0.38+0.41 g/@mOther characteristics of proglacial discharge
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in Svalbard can be founay in Hodson et al [42, 43], Krawczyk & Bartoszew§kil] and
Hodgkins et al [45].

While precipitation water in Svalbard is usuallyachcterised by dominant sodium and
chloride ions, riverine waters tend to take up nesium, calcium and carbonate ions from
rock sources, sometimes supplemented by sulphatd4i®, 46, 47]. Hodson et al [43]
mention three factors that shape chemical compaositif riverine waters in Svalbard:
release of solute from snow, rapid reactions withemal material and slow dissolution of
silicate minerals. Proglacial waters in Bellsundioa [46] showed mineralisation values
between 50 and 100 mg/dMDS (Total Dissolved Solidsyvhile waters of non-glacierised
catchments reached TDS concentration of 200 nig/det another example of comparison
between glacial catchment and an ice-free onepigiged in two articles by Krawczyk [48,
49]. For a hydrological year with relatively lowsdharge denudation rates in glacial
catchment (Bayelva) were almost twice as high ahearkarst catchment devoid of glaciers
(Londonelva).

Flora and fauna in the Svalbard Archipelago

The area with plant cover on Spitsbergen (largdand in the archipelago) is estimated
for 10% [2]. Svalbard contains three bioclimatiaes: polar desert, northern Arctic tundra
and middle Arctic tundra. Due to this extent ofatsity, plant communities can cover less
than 5% and up to 50% of land in different locasiomhe areas richest in vegetation are
those around inner fiords, which is exemplified bgh collections in herbaria from
Bellsund area [4, 50].

About 5800 floral and faunal species live in theinity of Svalbard, of which
approximately 4000 are terrestrial [4]. 165 speaigsnative vascular plants, the local flora
being richer than elsewhere at the same latitutie sirnilarities to floras of Novaya Zemlya
and Franz Josef Land [51, 52]. Floral compositisndominated by lichens (at least
600 species [53], and mosses on land, with addifofliowering plants, including dwarf
trees (polar willowSalix polaris, net-leaved willowSalix reticulate and dwarfbirch Betula
nana [54]).

Plants and animals in the Arctic have developeersd\strategies to survive freezing
temperatures and other adverse environmental ¢onslitAppropriate strategies include
freeze avoidance, freeze tolerance and protecéhgdtation [55]. To propagate despite the
short vegetation season, plants use vegetativedaption frequently [4].

The areas of most abundant vegetation are thosksést by excrements, while sparse
is plant cover of the disturbed places. Bird diiéadows and lush moss tundra occur below
slopes inhabited by bird colonies, due to fertilisieffect; reindeer and other grazing
species may be important providers of fertilisingrients as well [4, 56]. These prove to be
important seed banks for the surrounding areas. [6h] the other hand, areas freshly
deglaciated and disturbed by river erosion and siéipo are those devoid of plant cover.
Other areas do not seem to have changed the \iegetaiver extent significantly over
decades [57]. People in the Arctic also cause riahces to plant cover, particularly by
leaving vehicle tracks and pedestrian trampling.ekireme cases, these can lead to
a complete change of environmesg by draining wetland through a single track [58].
Some of these disturbed places need several detadesovergg vehicle tracks left after
building the Polish Polar Station in Hornsund remaiichanged after more than 50 years.
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Important to mention are also marine ecosystemsysified in deep fjords according
to the proportion of freshwater coming from rivensd melting glaciers, as well as saline
oceanic water, the influx of which can be blockgdsbka floor topography. An example of
thorough fiord ecosystem investigation can be fomridop et al [59].

Human activity and pollution

In the Svalbard air, many pollutants were detedbeth inorganic and organic. Organic
pollution includesn-alkanes, PAHs (polycyclic aromatic hydrocarbonell a-alkanoic
acids [60], polybrominated diphenyl ethers [61], xd&hlorocyclohexane and
hexachlorobenzene [62] and organic acigg @xalic, succinic, malonic [63]). Zeppelin
station in Ny Alesund is also one of the monitorstgtions in the Arctic that is most
affected by airborngolychlorinated biphenyl (PCBs), due to its proximity to mainland
Europe, which altogether with northern Russia is timost frequent source of the
contaminated air inflow to the Arctic [64, 65]. IAustfonna ice cores, even
organophosphorus and other pesticides were fousid [6

Airborne contaminants are scavenged by snow amfatiireaching the ground; also
riming and fog can deposit pollutants from the api®re [67]. In the composition of snow
from Svalbard additional sulphate is occurring, hpysbably due to local coal combustion
sources. However, Svalbard experiences much lesganic contaminants than the Russian
Arctic [68]. Acid precipitation events from the mstrial era can be found in ice cores taken
in Svalbard [11]. Also organic pollution occursgrecipitation water - PAHs (naphthalene,
phenanthrene, fluorene, acenaphthene, fluorantaedeyrene) were detected in rainwater
in Hornsund [69].

The pollution impacts upon rare species in Svalband this influence is dominated by
long-lasting organic pollutants. These affect naist - the species on top of food chain,
particularly because these pollutants concentratiati which is a dietary demand in the
Arctic for energy reasons [70]. Svalbard and EasteBland polar bears and Svalbard
glaucous gull are known to be the animals mostctdte by organohalogen compounds in
the whole Arctic [71, 72]. Also polar foxes and, marine mammals, ringed and harbour
seals are on the list of species endangered with ROPs (persistent organic pollutants)
intake [70, 73, 74]. These pollutants can causers¢\adverse effects upon the immune
system, behaviour and reproduction of mammalsshardi fish in the Arctic. The intake of
gull eggs, which happens in some northern comnasjits even risky for people, because
of the level of toxic substances within them [75].

Research on polar bears shows that the amount Histemt Organic Polutions
(chlorinated hydrocarbon compounds) in their tiskliews an increasing trend from west
to east of the Arctic [76-78]. However, the particutypes of organochlorine pesticides
reveal different patterns and strength of the trgfild eg showing a local maximum of
chlordane concentration in Western Russian Arcfi®].[ Temporal trends of the
concentration of chlordanes, hexachlorocyclohexadekrobenxenes, dieldrin and DDT
metabolites over the last decade of'2@ntury were decreasing, which gives optimistic
views for the future of POPs concentration in pdlears [80]. However, not all the legacy
contaminants become less abundant over time [#])s,Tit is very important to monitor
those contaminants closely in the pristine Svalleemdronment (Table 1).
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Table 1
Literature information of the results of studiemdacted in Polar areas
Location/date . Final .
Determined R Litera-
of sample | Sample type Range of values/scope determination
h compounds ) ture
collection technigue
PAH, PAH: 11+1100 ng ¢ d.w.
Ny-Alesund, Surface lakel PCB, PCB: 0.08+4.9 ngdd.w. GC-MS
Svalbard/ sediments DDT, DDT: 0.07+4.2 ng gt d.w. [81]
07-08 2005 HCH, HCH: 0.21+6.9 ng ¢ d.w. GC-MS/MS
PBDE PBDE: 0.024+0.19 nggd.w.
>PAH m:
oo 2t pag o
Svalbard/ ; Y PAH , o GC-MS [82]
07.08 2007 | droppIngs (1) 49+340 ng gt d.w.
Soail (s) >PAH s:
37+324 ng gt d.w.
YPCB, YPCB: 367+2347 nggw.w.
Frt"’;‘genl‘i‘f/re‘trs ol yPBDE, YCB: 8+58 ng g-w.w. GC-MS
Barentsburg, kidneys a’nd > DDT, > CHL: 13+48 ng g-w.w.
Spitsbergen / gastro- >CB, S PBDE: 4+33 ng g w.w. GC-ECNI/MS | [83]
082001 | o trad  2CHL. YDDT: 122+408 ng g w.w.
of adult gulls > Toksafen, > Toksafen: 7+421 nggw.w. AAS
Hg Hg: 0.1+0.5 pg gw.w.
Ellasjgen: @yangen:
Lakes Ellasjger HCB >DDT: >DDT:
Oyangen- | Sediments HOH. 6.9nggtdw. | 0.8nggtdw. HRGC/
Bjornoya Plankton ZPCE‘; HCH: HCH: HRMS [84]
(Norway)/ | Fauna bottom ZDDT’ <0.2ng gtdw. | <0.4 ng g*d.w.
07 1996 > PCB: > PCB:
60nggtdw. | 4.4ngg-dw.
w m
HCB [ug/g W:W-] [uglg W:W-]
Bjornoya BDE 2 GHCZ%G 4 0};057 0 eeMs
the Barents Sea .Fragments. PCB p,p-DDE: p,p’-DDE: GC-ECD
liver (w) and Chloro- .
(Norway)/ |\ (m)of| organic 17.2-732.3 4.4+232.0 [85]
2003-2005 | *_ . gulls | pesticides ~PCBu TPCBy: LC-MS-MS
Hg 84.1+4 274.0 16.7+711.5 AAS
YBDEi1: YBDEj1:
1.8+102.8 0.2+10.9
Persistent >'DDT: 1.6 ng/g d.w.
Organic >'PCB: 46.4 ng/g d.w.
Pollutants > PBDE: 0.73 ng/g d.w.
As 6.98 mg/kg d.w.
Cd 2.20 mg/kg d.w. GCMS
Lake Ellasjoen Co 42.3 mg/kg d.w.
-Bjornoya, Sediments Cr 14.4 mg/kg d.w. ICP-AES [86]
(Norway)/ Cu 34.4 mg/kg d.w.
04 2001 Hg 0.155 mg/kg d.w. ICP-QMS
Ni 52.5 mg/kg d.w.
Pb 86.6 mg/kg d.w.
\% 18.1 mg/kg d.w.
Zn 373 mg/kg d.w.
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Ellasjgen :
2CHB: @yangen:
2.2 ng/g w.w.(z) YCHB:
. Zooplankton 2PCN: 4.53 ng/g w.w.(f)
Ellasjoen and .
2 CHB 3.2 pg/g w.w.(z) SPCN:
Oyangen Lakes- - onomid | BDE SPCN: 4.58:9.8 pglg |CC/ERMS-NICI
Bjornoya - | 7 ) | PBDE |21.8pgigww.(d  ww.() 871
(Norwayy | 1arvae( -6 Pgig w.w. W) GC-MS
07 1999 fish (Arctic PCN ¥PBDE: XPBDE:
char) (f) 0.78 ng/g w.w.(z) 1.6 ng/g w.w.(f)
PBB153: YPBDE:
0.23+1.6 1.3 ng/g w.w.(l)
ng/g w.w.(l)
Station
Fjord areas Tromsg- |Ingeydjupe
flaket
South-Westerr] Sediment (0-1cm) | (0-1cm) | (0-1cm)
part of the cores PAH 2%25512:6 5§ Zﬂ;} 2 220262H1:7 GC-MS [88]
B%r;e r;t(s)oiea/ 1(2__%;?”;1) ng/g .W.W. ng}g WW ng/g .w.w.
(14-15 cm)| (14-15 cm)| (14-15 cm)
YPAH: YPAH: YPAH:
68.3+363| 20+143 20+363
ng/g w.w. | ng/g w.w. | ng/g w.w.
¥ Ci7.20: 19+97 ng/mi
Y A1s28 6 ng/m°’
¥ PAH: 0.6+2.0 ng/m
Average value | Average value
23-28. 07. 1998| 07. 1998 [ng/r
[ng/m?] A1z 0.22
n-C;7.0.65 Ais 0.17
n-Cig: 2.84 A1 2.65 HR
Ny-Alesund, PAH n-Cyg: 1.22 A;7.0.13 GC-FID
Svalbard/ Air Alkanoic n-Cyo: 6.05 A1 0.91 [89]
07 1998 acids n-Cp1: 3.48 A9 0.03 HR
04-05 1999 n-Alkanes n-Cy: 1.36 Az 0.17 GC-MS
n-Cx3:1.34 Azq: 0.09
n-Cys: 0.81 Aoy 0.67
n-Cps 0.51 Azs 0.13
n-Cye:. 0.26 Aos 0.23
n-Cp7 0.13 Azs: 0.05
n-Cyg: 0.07 Ao 0.10
n-Cyg: 0.04 Aoz 0.02
Aog: 0.17
[ng/g w. Hyp. fat Abd. fat
lipids] tissue tissue
Average
Kapp Wijk, | Hypodermic PPBCDBE value aryt.
Austfjordnes- and HCB >PCB 9875.1 12 363.6
Svalbard/ |abdominal fa Chloro- >PBDE 40.0 37.5 GC-MS-NCI [90]
01.11.1998- | tissue from organic ¥ chloro-
15.03.1999 | arctic foxes ticides organic
pestici pesticides| 6296.6 | 6020.9
HCB 135.3 129.6
DDE 154.9 156.6
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Three selected areas from which
samples were collected; (ng/g w.
. . lipids)
Area including . Alaska | Greenland| Svalbard
east from Fat tissue ; . .
Alaska to from polar ~PBDE 3.4+6.3 | 37.5+49.8| 32.5+60.6 GC-MS (78]
Svalbard/ bears >PCB 1115+3043 8751+ |2854+9246
2005-2008 12687
*DDT 56.0+106 | 155+273 | 75.0+187
B-HCH 267+504 | 58.1+96.8| 45.8+93.6
o-HCH 12.8+24.8| 9.7+14.0 | 6.8+10.6
(ng/g w. (ng/g w. (ng/g w.
lipids) lipids) lipids)
Adult males  Adult Young
females
Hypodermic HCB 358+476 322 66.8+498
Svalbard/ layer of fat o-HCH 16.9+40.0 140 11.5+25.6| GC-ECD/MS
07. 1996- from a white B-HCH 32.5+97.00 346 8.31+39.3 [91]
10. 2001 whale vy-HCH 19.7+41.7 16.0 9.43+33.3| GC-MS-NCI
SHCH 70.5+145 64.6 39.9+93.0
>DDT 2370+5810 2650 308+4600
YCHB 551+12760 690 210+664
>PCB 3380+6210 3730 631+4990
~PBDE 77.6+116 120 22.7+137
Conclusions

The Arctic is one of the last wild areas in the Mfowhich has for the most part
remained unchanged. Difficult climatic conditionsake regeneration processes a slow
process, so the changes caused by anthropogebnitieEthave a significant impact on the
quality of the environment. The introduction of dmdption factors such as persistent
organic compounds and heavy metals contributeddtkach of homeostatic mechanisms,
which in consequence can lead to the collapsealbgical balance.

Climatic factors, high and low pressure, contribitehe transport of air masses. The
transportation of pollutants over long distancesisea that compounds emitted from
industrial plants in Europe, Russia, Canada, Asi [dorth America are deposited over a
large area of the Arctic. In winter and spring, tin@nsport is surprisingly fast, as the
emission of pollutants from areas in Europe to iretreas is a matter of days. Marine
transport of pollutants is significantly slower.idtbelieved that it takes several decades for
pollution to reach Arctic areas [81].

Pollution originating from distant sources is arcregasing threat to Arctic areas.
Environmental conditions and geographical locatitaike this area a reservoir of medium
volatile organic pollutants. The issue of transpamtl the fate of persistent pollutants in
distant areas has gained increased attention ilashelecade. The Arctic, which in the past
was considered a pristine area in terms of theiénite of anthropogenic pollution, has
become an area of their high concentration. Poliutietected in the Arctic shows how
important the further of detailed studies are ofission sources, transport routes of
pollutants in the environment as well as the paddsitof their accumulation in different
elements of the ecosystem [8].



Pollutants present in different components of thallSard Archipelago environment 581

Acknowledgements

The authors wish to thank: M.Sc., Eng. Katarzynzh@lia-Kamrowska for her
assistance in collecting data for the preparatibrthe article, and Assoc. Prof. Piotr
Gtowacki, Polish Academy of Sciences (PAN) - hehthe Department of Polar Research
Institute of Geophysics, for his hospitality duristay at the Polish Polar Station (Hornsund,
Norway), and giving the inspiration to write thigiele. The authors express their gratitude
for the financial support to the Foundation foriBlolScience, the Master Programme.

List of Acronyms
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Gas Chromatography-Flame lonization Detector; HR@G&- High Resolution Gas
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ZANIECZYSZCZENIA OBECNE W RO ZNYCH KOMPONENTACH
SRODOWISKA ARCHIPELAGU SVALBARD

katedra Chemii Analitycznej, Wydziat Chemiczny, iRathnika Gdaska
2Katedra Geografii Fizycznej, Wydziat Nauk o ZietdhiwersytetSlaski
SKatedra Geografii, Uniwersytet w Sheffield

Abstrakt: Na przestrzeni ostatnich lat znaca wzrosto zainteresowanie procesami transportiserh trwatych
zanieczyszcze w miejscach odlegtych od centréw przemystowyclkicta jak obszary polarne. Nowoczesne
techniki analityczne pozwolity na przeprowadzenied#, ktére dowiodly, ze réwnie: Arktyka, ktéra
W przesziéci byta uwaana za teren pozbawiony zanieczysaczstata s obszarem o dej intensywnéci
antropopresji. Archipelag Svalbard wyma st na tle innych rejonéw polarnych ze wadh na specyficzne
warunki srodowiskowe oraz pol@nie geograficzne, ktére czgniten obszar rezerwuarem zanieczysacze
Monitorowanie stangrodowiska rejonéw arktycznych jest niezwyklezwa ze wzgjdu na unikatow mazliwosé
obserwacji bezpwedniego wptywu zanieczyszaz@a procesy zachogize w badanym obszarze. Uzyskane w ten
sposéb dane pomiarowe stangwiennezrodio informacji nie tylko o zmianach zachadgch w ekosystemie
Arktyki, ale réwnig pozwalaj na oszacowanie wptywu oktenych ksenobiotykéw nd@rodowisko w skali
globalnej. Ponadto badania rodzaju isdio substancji chemicznych zdeponowanych vinyggh elementach
ekosystemu stanowi podstaw do podejmowania dziala ktére maj na celu zapobieganie negatywnym
oddziatywaniom zanieczyszaze

Stowa kluczowe:transport zanieczyszar@a due odlegidci, trwate zanieczyszczenia organiczne



