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Abstract: Heavy metals and radioactive compounds are patgntiazardous substances for plants, animals and
humans in the Arctic. A good knowledge of the sgdatariation of these substances in soil and pyrpanducers,
and their sources, is therefore essential. In #rapses of lichenThamnolia vermicularis, Salix polaris and
Cassiope tetragona, and the soil samples collected in 2014 in Svallverar Longyearbyen, the concentrations of
the following heavy metals were determined: Mn, K, Zn, Cd, Pb and Hg, as well as the activity
concentrations of the following: K-40, Cs-137, P32 Pb-212, Bi-212, Bi-214, Pb-214, Ac-228, Th-281d
U-235 in the soil samples. The differences in thecentrations of the analytes accumulated in tfferdnt plant
species and soil were studied using statisticahaust. Sea aerosol was indicated as the source, éid?6s-137,
Pb-210 and Th-231 in the studied area. A relativeggh concentration of nickel was determined in theta
samples collected near Longyearbyen, comparedhier atreas of Svalbard. It was supposed that niciegl be
released into the atmosphere as a consequence lotti coal mining around Longyearbyen.
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Introduction

Currently, the Arctic regions are an invaluable rseuof information regarding the
influence of anthropopressure on the environmetitjien level on a global scale. The
changes of activity of the radioisotopes released eonsequence of the Fukushima nuclear
power plant disaster in 2011 are an example of sarchinfluence. Their presence in
Svalbard’s atmospheric aerosol was already detecfed days after the disaster [These
regions are also sensitive to the current climatenges [2]. Studies have been carried out
for many years in Svalbard on the pollution of was environmental matrices: soil [3],
water, such as water from cryoconites [4], atmogplteerosol, such as the determination
of PCBs in the air, and other matrices sampledafualyses in the area of Ny-Alesund -
Western Spitsbergen [5]. Biomonitoring studies dreing applied more and more
frequently, in order to assess the pollution legélecosystems, and they include the
determination of the pollution accumulated in liyinrganisms. The studies also allow the
determination of the sources of origin and directaf distribution of pollution. In the
Arctic regions, various species of flora have beead in such studies, such as mosses,
lichens and vascular plants [5-7], as well as faunaluding studies determining the
accumulation of heavy metals and organic pollutiothe anatomical parts of narwhals [8]
and birds -Larus hyperboreus [9]. The assessment of historical changes is mhe
import; it is carried out by various methods, intihg the long-term measurement of
pollution accumulated in the defined matrices,har analysis of the pollution accumulated
in permafrost layers or bottom sediments, which barage-dated. The determination of
acidity and sulphate content in ice cores [10],lys®s of mercury concentrations in lake
bottom sediment cores sampled in Svalbard [11]earadyses of the bottom sediments from
the Barents Sea [12] are relevant examples. Amsite study of the research carried out
in the Svalbard Archipelago was presented in Kaziadl. [13]. The authors point out that
the Arctic regions, which have no major local emoisssources, are mainly under the
influence of the emissions from Europe, North Aroerand Siberia [7, 14]. Global sources
of emission of Cd, Hg, Pb and radioisotopes, thtagaf distribution to the Arctic regions,
and their accumulation levels in various componeitte Arctic ecosystems, have been
described in the reports of the Arctic MonitoringdaAssessment Programme [15, 16], but
the low nickel content in the aerosol in Ny Alesui@Valbard) indicates negligible long
transport of heavy metals like nickel to Svalbatd][ However, coal fuelled electrical
power plants in Longyearbyen, Barentsburg and Ngsdhd may also be a source of local
air pollutants like S@and heavy metals [18]. Another source of pollutisrthe wind-
generated coal-mining pollution (e.g. heavy metatdpased by thawing [19-21] and
flushed down from the piles (acid mine drainageMDy, which may injure local tundra
vegetation [19]. These kinds of pollutants can hiadwspread over the larger areas
surrounding the mines and rock piles. Other souoégmllution might originate from sea
bird colonies (bird cliffs) in the area [22]. Thetter indicates that the seabirds (faeces) are
acting as a vector for the movement of heavy mdiatsveen the marine and terrestrial
ecosystems, which may contribute significantlytte spread of pollutants in the vicinities
of such cliffs/colonies [22].

The purpose of the conducted research is to atisessources of pollution: selected
metals and gamma radionuclides in Svalbard, neagy®arbyen, and to compare the
obtained results with the results of other studisied out in Svalbard. It was supposed
that marine aerosol is one of the pollution souindke area investigated.
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Materials and methods

Svalbard is a Norwegian archipelago in the Arctic Ocean comprising several islands,
the largest of which is Spitsbergen. The archipelago borders the Greenland Sea from the
west, the Barents Sea from the east and the Arctic Ocean from the north. The archipelago
area is 62,924 km’. Approximately 60% of the Spitsbergen area is covered by glaciers, the
rest being mountains and seaside lowlands [23]. The perennial snow border goes from
approximately 200 m above sea level in the south-east to approximately 800 m above sea
level in the north, in West Spitsbergen. Flora vegetation occurs on only 6-7% of Svalbard’s
area. Plants grow mainly in the narrow strip along the coast, on the mountain slopes and in
certain valleys. The plant vegetation period is very short, lasting a maximum of 90 days
[23].

Samples of biota (mosses growing on experimentaitspllichens Thamnolia
vermicularis, Salix polaris andCassiope tetragona) and the surface layer of soil were taken
for analysis during the period 03-07.08.2014. Thm@ling locations are marked in the
map in Figure 1. Table 1 shows their geographioatdinates.

> A(ctic Oce;n

Greenland

Barents Sea

Road 5 km

Fig. 1. Positions of sampling sites

After the manual removal of impurities and the dgyiof samples at 323 K, the
collected material was stored in closed polyethgleontainers.
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Table 1
Geographical coordinates of the sampling sites
Site number Latitude Longitude
1 N 78°10’ 26" E 15°56’ 28"
2 N 78°11' 15" E 15°50’ 53"
3 N 78°12’ 53" E 15°42' 23"
4 N 78°12' 56" E 15°36’ 31"
5 N 78°14’ 58" E 15°26’ 14"
6 N 78°14’ 02" E 15°19' 52"
7 N 78°12' 38" E 15°20’ 33"

The 0.4 g of subsamples taken from homogenized riabterere mineralized in
a mixture of nitric acid and hydrogen dioxide inSpeedwave Four microwave oven
(Berghof, DE). Concentrations of Mn, Ni, Cu, Zn, @d Pb were determined via the
FAAS method, using ICE 3000 (Thermo Electr@orporation, USA). To determine
mercury concentrations in the plant samples, thed®44 analyser was utilized.

In the biota and soil samples, activity concentradi of gamma radioactive isotopes
were determined. The measurements were carrieyonteans of a gamma-spectrometer
with a germanium detector HPGe (Canberra) of higgolution: 1.29 keV (FWHM) at
662 keV and 1.70 keV (FWHM) at 1332 keV. The reatefficiency was 21.7%. Energy
and efficiency calibration of the gamma spectrometas performed with the standard
solutions type MBSS 2 (Czech Metrological InstiflReague, CZ), which covers an energy
range from 59.54 to 1836.06 keV. The geometry ef ¢hlibration source was Marinelli
(447.7 4.5 cr) with a density 0.920.01 g/cm, containing Am-241, Cd-109, Ce-139,
Co-57, Co-60, Cs-137, Sn-113, Sr-85, Y-88 and Hg-ZDhe measuring process and
analysis of spectra were computer controlled wiid tise of GENIE 2000 software. The
radiation spectrum was recorded day and night.

Quality control

Calibration of the spectrometer was performed withstandard solution from
ANALYTIKA Ltd. (Czech Republic). The values of thieighest concentrations of the
models used for calibration (2 mg/dder Cd, 5 mg/dr for Cu, Zn, Pb, 7.5 mg/dhfor
Mn and 10 mg/drhfor Fe) were approved as the linear limits of $ignal dependence on
the concentration.

The instrumental detection limit$0L), the instrumental quantification limit$QL)
for the spectrometer iCE 3500, and the concentratid heavy metals in certified reference
materials BCR-414lankton and BCR-482ichen (Institute for Reference Materials and
Measurements, Belgium) were previously presented in Klos et al. [24].

Statistical analyses

The concentrations of metals and activity concéiotna of radioisotopes in the
samples were determined, and the data was analsieg statistical methods. Since the
concentration represents the amount of a seleaibdtance in the total amount of all
components, its analysis requires the applicatibrappropriate mathematical methods
[25-27].

Two approaches in compositional data analysis eadigtinguished. The first is based
on data analysis in the simplex sample space, l@ddcond involves data transformation.



The origin of heavy metals and radionuclides acdated in the soil and biota samples ... 227

The distancel, between compositional poings andB, with coordinates determined by the
concentration vector & components, is defined by the following relatiopgR5]:

d,(cuc, \/i(m% - |niJ 1)

=0 ole) o)

whereg(c) is the geometrical mean of concentrations.

An insight into the data structure can be delivebgdcluster analysis methods. The
hierarchical structure of a cluster can be deteenhinsing an agglomerative or a divisive
method. For well differentiated point groups, retl@ss of the method used, the formation
of similar structures is expected. In cluster dtites determination, a dissimilarity matrix is
used. This matrix determines the structure of dista between all pairs of data points.
In the computations, the elements of the matrixewibe distances between compositional
points, calculated from Eq. (1). The relationshigtween the concentrations of elements
were studied. The utilization of a classical catieln estimator in the statistical analysis of
compositional data can lead to delusive conclusja8t This is a result of the relationship
between the variance of a component concentratidrita covariances with concentrations
of the other components. An alternative methodr@miate for covariability estimation in
compositional data, is based on variations matfrixThe elementd of this matrix are
variances of x and y concentration logratios:

ty = var[ln &J (2)
c

y

The variance of logratio is small when changesaith ltoncentrations follow the same
trend - that is, both values increase or decreBse.biggest logratio variance is observed
when concentrations follow opposite trends. An éase in the values of one variable
accompanied by a decrease in the values of thendemue produces highly differentiated
logratios. As a result, the biggesvalue is observed. To distinguish between these tw
types of covariability, the terms ‘positive’ (anchease in both concentrations) and
‘negative’ (an increase in one concentrations andeerease in the second) are used.
The t values between these characteristic negative eitiy® covariabilities describe
a random or non-linear relationship between coma&ohs. The intermediate values of
randomly arranged data can be used in the assessfitha actuat classification [29].

To compare metals and radioisotope content, agtdahcentrations were recalculated
to mass fractiol using the formula:

c= Ma (3)
N2 N,
wheret,, is the half-life of a radioisotop®] is its molar masd\, is the Avogadro number
anda is the activity concentration.

In computations, the R language [30] and functifvom the ‘cluster’ library [31, 32]

and ‘compositions’ library [33, 34] were used.

Results

Figure 2 shows boxplots illustrating the heavy ratzumulation in biota and surface
soil layer samples.
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Fig. 2. Concentratiorsf heavy metals: a) Mn, b) Ni, c) Cu, d) Zn, e) @b and g) Hg accumulated in
the samples of mosses (H8hamnolia vermicularis (Tv), Salix polaris (Sp), Cassiope tetragona
(Ct) and sail; h) graph description
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Special attention should be paid to the relativefjh concentrations of manganese and
zinc accumulated igalix polaris and the concentrations of mercury in mosses @heitis,
which are one order of magnitude higher comparedscular plants.

Table 2 contains a summary of the analyses of thetivity concentrations of
radionuclides, accumulated in the surface layesoilfcollected in 7 measurement locations
and in the samples ofalix polaris and Cassiope tetragona (mixed samples from
7 measurement locations). The table contains me@mmum and maximum values, as
well as measurement uncertaidX [%)] defined for the analysed samples.

Table 2
The mean activity concentratioa®f radionuclides accumulated in the soil and makeraged samples of
Salix polaris (Sp) andCass ope tetragona (Ct). The figures in brackets show the minimal arakimal activity
concentration values adY!' is the measurement uncertainty

Isotope Soil Sp Ct
a[Barkg™] A"X [%] a [Barkg] A"X [%] a [Barkg] A"X [%)]
K-40 584 (485-674) <41 495 14 172 20
Cs-137 27.9 (12.7-57.0) <3.6 5.5 47 1.4 93
Pb-210 76 (44-108) <47 - - - -
Pb-212 30.0 (25.6-31.3) <44 - - - -
Bi-212 19 (15-22) <22 - - - -
Bi-214 21.6 (18. 6-25.1) <6.6 23.0 31 23.8 16
Pb-214 23.2 (20.3-26.7) <49 - - 18.6 20
Ac-228 33.3 (27.0-36.1) <47 - - 6.3 73
Th-231 7.8 (5.6-12.7) <20 - - 35.2 89
U-235 3.4 (2.5-4.4) <42 - -

The table contains only the determination resutswhich measurement uncertainty
A™X did not exceed 100%. In total, the activities 6fradionuclides were determined; they
were part of the following radioactive decay seriesanium-actinium (U-235, Th-231),
thorium (Ac-228, Pb-212, Bi-212), uranium-radiunb{P14, Bi-214, Pb-210), natural K-40
and artificial Cs-137.

Discussion

In order to compare the heavy metal concentratamesimulated in the selected biota
species and soil, the results of research carrigdiro other regions of Svalbard were
collected.

In 1985, in the south-west part of Spitsbergen,rnt® Polish Polar Station
(Hornsund), the following heavy metals were deteedi Ni, Cu, Zn Cd and Pb, in
16 species of mosses, includihtylocomium splendens [35]. Heavy metals were also
determined in the samples of soil, algae, licheth @ascular plants near the Polish Polar
Station. The samples were collected for resear@®irl [7]. During the period 1987-1995,
analyses of heavy metals in various biota elemastse carried out in western Spitsbergen
(Bellsund area) [36, 37]. Heavy metals were alsterd@ned in various environment
samples collected in 1988 in the area of westeritslSgrgen (Bockfjorden). Samples of
Cassiope tetragona, among others, were collected for analysis [38]2001, soil samples
were collected during research in the area of filtden [39]. Concentrations of heavy
metals and PHAs were determined in the 20 cm saittaeer of the soil.
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Table 3 contains a summary of the mean (medianvial)es of metal concentrations
determined inHylocomium splendens, Thamnolia vermicularis, Salix polaris, Cassiope
tetragona and in the soil; the data was presented in thielestreferenced. The table
includes the mean content of mercury in sampleshafmnolia vermicularis collected for
analysis in 2005 and 2007 from the islands loch&tdreen Canada and Greenland: Devon
Island and Ellesmere Island [40].

Table 3
Mean concentrationgify/g] of heavy metals accumulated in samples of moss&s Thamnolia vermicularis
(Tv), Salix polaris (Sp),Cassiope tetragona (Ct) and soil

Matrix Mn Ni Cu Zn Cd Pb Hg References

Hs - 3.6 6.1 24 0.7 6.5 - [35]
48 - 8.5 45 0.7 24.9 - [37]

9.5 - 3.0 45 0.7 6.4 - [36]

Tv 10 - 2.9 35 0.8 11.7 - [37]
- - - - - - 0.18 [40]

65 - 8.1 108 3.8 - - [36]

Sp 105 - 5.9 175 1.1 2.2 - [37]
210 3.4 5.6 160 1.1 0.3 0.02 [7]

Ct 107 4.1 10.7 335 0.2 1.6 0.14 [38]
Soil 440 20 25 54 0.2 11 0.04 [7]
14 0.6 0.5 3.3 0.01 1.6 - [39]

The results presented in Table 3 confirm the datatained in Figure 2 - the good
bioaccumulation characteristics &dlix polaris in terms of Mn and Zn, but also cadmium,
which is illustrated by the determination resulighos metal in theSalix polaris samples
collected in western Spitsbergen [36, 37].

Comparison of the data presented in Figure 2 atdeTaallows the statement that the
samples collected near Longyearbyen contain relgtivhigh nickel concentrations
> 10 ug/g. According to the current research results,niaén source of nickel in Svalbard
is the rock waste, mined along with coal and stamethe surface. For example, in 2004, an
analysis was conducted of the heavy metal cond@nirin the soil surface layer and plants
collected near the dumps formed during coal minlogated approximately 10 km from
Longyearbyen (Bjgrndalen). Samples were collectkohgathe transects: parallel and
perpendicular to the dumps, with a length of 200 &b0 m, respectively. The metals were
extracted from the soil with 25% acetic acid. Theam values of Ni concentration in the
samples of surface soil (A horizon) ranged from ®163.7 pg/g, whereas in plants:
P. arctica, L. confusa and P. concinna, the mean Ni concentrations ranged from 5.7 to
27.9 pg/g [21]. The samples collected near the PolishaP&tation also contain high
concentrations of Ni (min. 1fg/g, max 26ug/g); however, in the samples &f polaris
collected in the area, Ni concentrations did noteex 7.0pg/g [7]. Another potential
source of nickel is pollution emitted from the Kd&ninsula, where mines and industrial
plants processing this metal, among others, amddd41, 42], although the distance might
be too great to influence the areas on Svalbandedhere are steep gradients of deposition
of nickel to mosses and lichens around the Cu-Ndltars [42, 43]. However, one more
potential source of nickel near Longyearbyen shdodd highlighted, namely aviation
emission. Samples for analysis were collected tf@amirport and along the take-off and
landing strip (Fig. 1). Nickel superalloys are usedhe construction of aircraft engines.
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As a consequence of friction and high temperafdrenay be released into the atmosphere
[44, 45]. Higher concentrations of Ni in the atmiospe near airfields have been confirmed
by the results of studies carried out in IncheooutB Korea [46]. However, the
Longyearbyen airport is situated in the vicinitytbé coal mining deposits of Mine no. 3
(Gruve 3), so the site here could be influenceddat mining as well.

As mentioned in the beginning, the Arctic area isoaa source of information
regarding the distribution of radionuclides. Duritige period 2000-2002, in the area of
Kongsfijorden (western Spitsbergen), studies weredected on the activity of
radionuclides accumulated in the soil and bird ex@nt [47], as well as in a separated
surface soil layer [48]. It was determined that thetivity concentration of certain
radionuclides accumulated in bird excrement, inclgaartificial Cs-137 and natural K-40,
are higher than those found in the surface soérayvhich result in the increase of surface
activity in birds’ habitat areas. The mean actéstiof Cs-137 and K-40 in bird excrement
were 78 and 365 Bq kY respectively, while the equivalent values in them layer of
surface soil were 35 and 283 Bq kdhe mean activities of Cs-137 and K-40 were 151
and 499 Bq kg in the organic component of the soil, due to thetds sorption
characteristics. A small increase in the naturdiaruclide activity can also be observed in
the mining waste storage areas [49]. For Cs-137kaf@, the results included in Table 2
do not differ considerably from those presentedvabavhich illustrates the fairly even
distribution of anthropogenic Cs-137 in particullar 2001, in the 0-3 cm surface soil layer
in Longyearbyen, the activity concentration of G¥%Wwas < 0.7 Bg/kg, and 706 Bq/kg for
K-40 [50]. In comparison, in the area of the OpAleomaly (south-western Poland), the
activity concentration of Cs-137 in surface layefswoodland soils, measured in 2007,
locally exceeded 1,000 Bq Kg[51]. Compared to European countries, low artifici
radionuclide pollution levels were observed in aatl, which was also confirmed by other
authors, such as Gwynn et al. [52]. It should bentineed that, at the beginning of the
1980s (before the Chernobyl accident), the Cs-1@anmactivity concentration iBalix
polaris was 27 Bg/kg. This was 5 times higher than inghmples collected for this study
in the Longyearbyen vicinity (see Table 2). Thehhigs-137 activity concentration was the
result of nuclear weapons testing [50].
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In our study, the relationships between the comatiohs of metals in the samples
were studied. Figure 3 shows the structures ofahibical dendrograms, relating to the
content of Mn, Ni, Cu, Zn, Cd, Pb and Hg in biotalaoil samples. The branches in the
dendrogram are described by sampling point numbeéota type (‘Hs’ for mosses, TV’
for Thamnolia vermicularis, ‘Sp’ for Salix polaris, and ‘Ct’ for Cassiope tetragona), or ‘so’
for soil.

Both agglomerative and divisive algorithms producgnhilar dendrograms. Their
structures suggest the crucial role of the samyde in cluster formation. Each type of
biota and soil tends to create its own group ohgmiregardless of the sampling point
location. This observation assumes different exfwos of plants for element deposition or
selective metal sorption from the background sihlis conclusion points to the possibility
of plant and soil utilization in selective biomanihg in the Arctic regions.

In the estimation of concentration covariabilitietelements of the variation matrix
were used. Positive covariabilities were calculafed Ni/Zn accumulated in mosses,
Mn/Cu accumulated iThamnolia vermicularis, Mn/Zn and Cu/Zn accumulated Balix
polaris and Ni/Cd accumulated in the soil. A negative datien was determined for
Zn/Hg accumulated in mosses. Taking into accouat dliferent preferences of metal
sorption of the plant species examined (Fig. 3)isitdifficult to explain the positive
correlation between the metal concentrations actatedl within them. The negative
correlation between Zn and Hg accumulated in tliessggests different sources of these
metals.

In the soil samples, the activity concentrationgaifioisotopes were determined and
then their mass concentrations were calculated (&0. A positive covariability between
concentrations was found for the following radidigme pairs: Cs-137/Th-231,
Cs-137/Pb-210, Th-231/Pb-210, Ac-228/Bi-212 an?Rd/Bi-212.

Cs-137 is an artificial radioisotope, which waseesled into the atmosphere mainly
after tests of nuclear weapons carried out in 80% and 60s, and accidental leakages
from nuclear facilities or waste dumps, such asmtadfunction at the Chernobyl NPP in
1986 [53-56]. Its half-life is 30.1 years. Currgnthis radioisotope circulates between
components of the environment and its transpotthénatmosphere comprises redeposition
processes [57, 58]. Th-231, with a half-life of 25hours, should be regarded as
a representative of its long-living ancestor, U-2@&lf-life 7-10° years). The same
relationship between Cs-137 and either Th-231 @®3B-could be expected. However,
contrary to Th-231, concentrations of Cs-137 angi33-were not related in a linear way.

A positive covariability between concentrationsG#-137 and Pb-210 (with a half-life
of approx. 22 years) was observed, as well ashi®rTth-231 and Pb-210 pair. This result
suggests a similar origin of Cs-137, Th-231 an®P®- Since Cs-137 is deposited from the
atmosphere, the main load of the other radiois@@eo originates from this source.

The radioisotopes Ac-228, Pb-212 and Bi-212 belonthe same decay series. These
are rather short living isotopes, with half-lives @2 hours, 11 hours and 61 minutes,
respectively. Because the time between sample atiolfe and determination exceeded
a few months, the actual activity concentrationshef radionuclides were close to those in
radioactive equilibrium state. The measurementltesian be used in the estimation of
more stable parent radioisotope concentrations. Mgntbe long living ancestors of Ac-228
is Ra-228 (half-life 5.8 years) and the grandparehtthe series, Th-232 (half-life
1.410" years).
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For Cs-137 and Bi-212, a negative concentrationadability was observed. This
result could be due to the action of a specific loimation of different factors. However,
a reasonable explanation of the observation cazuroéntly be formulated.

It is quite difficult to explain the positive covability between the Cu and Bi-214
concentrations. Furthermore, a similar relationgipuld be observed for Pb-214, but this
was not noticed. Unfortunately, this observatiomaéns to be interpreted.

In the soil, a positive covariability (at a confiiee level of 0.02) was found between
mercury and Cs-137, Th-231, and Pb-210 concentrati&d positive covariability between
Cs-137 and Pb was also observed, but at a confiderel of 0.05.

Figure 4 presents a graph of Cs-137 spatial digtab. In the map, the diameters of
the circles are proportional to the logarithm ofX35 mass fraction in the soil samples.
The X' symbols show the positions of former coal minéspAn outlined trend can be
observed of a decrease in the Cs-137 content ofdhevith increasing distance from the
coast.
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Fig. 4. Distribution of Cs-137 concentrations detiered in soil samples collected in Longyearbyen
vicinity. The data are presented in logarithmescal

Additionally, the results of theparameter interpretation were compared to thdtsesu
of the linear regression application. The graplustitate the linear relationships between the
activity concentrations of Pb-210 and Th-231 vs1G3 (Fig. 5) and Pb and Hg vs. Cs-137
(Fig. 6) in the surface soil layer. Because ofahéicial origin of Cs-137 and its incidental
release into the atmosphere, this radioisotopesetested as a reference material. In 2001,
the activity concentration of Cs-137 in the sea ewatlose to Svalbard was
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approx. 2.3 Bg/m[50]. The points in the graphs are numbered tgespond with the
sampling point numbers.
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Fig. 5. Relationship between Cs-137 and Pb-21023hactivity concentrations in surface soil samples
collected in Longyearbyen region
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Fig. 6. Relationship between Cs-137 activity comi@ions and Pb, Hg concentrations in surface soil
samples collected in Longyearbyen region
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The linear relationships shown in Figures 5 andré described by the following
formulas and determination coefficienB: Pb-210/Cs-137y = 1.66x + 29.5,R? = 0.966,
Th-231/Cs-137:y = 0.124x + 4.36, R* = 0.840, Pb/Cs-137y = 0.0032x + 0.0087,
R? = 0.850, Hg/Cs-137y = 0.0002x + 0.0355,R? = 0.706. The criticaR? value for
o =0.05is 0.569.

Considering the location of the sampling placessifated in the map (Fig. 1),
a decrease in Cs-137, Pb-210, Th-231, Pb and Hgeotrations with increasing distance
from the shoreline can be concluded. The excepsicghe 7" location, which is separated
from the sea by a range of hills. Considering thet fthat the primary emission and
deposition of Cs-137 has not occurred on a glotalkessince the failure at the Fukushima
NPP, it is clear that the only source of proporioteposition of Cs-137, Pb-210, Th-231,
Pb and Hg in Longyearbyen is sea aerosol. Simdationships were observed for halides
(Cl, Br, 1) accumulated in the surface soil layars northern Norway [59]. The
concentrations of halides decreased exponentialtyh wncreasing distance from the
shoreline, indicating marine aerosol as their seufdis source was also confirmed by the
results of a study conducted in Norway, in whiclideaconcentrations in mosses, taken
along several transects perpendicular to the sherelere determined [60].

Conclusions

The studies carried out over many years have prdkiat the Arctic regions are
exposed to pollution caused by anthropopressure tiEimsfer of pollution on a global scale
takes place through the atmosphere and surfaceswate

The studies carried out in Svalbard near Longyearbshowed that, in the studied
area, one of the sources of anthropogenic pollutiGea aerosol, which is confirmed by the
linear correlations between concentrations of C&-Fb-210, Th-231, Pb and Hg in the
soil surface layer. Concentrations of these anslgiscrease with increasing distance from
the coastline. It was also proved that nickel, andated in relatively large quantities in
biota samples - mosses, lich@mamnolia vermicularis, Salix polaris and Cassiope
tetragona - may be released into the atmosphere as a comsegwf local coal mining
around Longyearbyen, among other things.

The statistical assessment of the results and Wsialisation as a dendrogram show
that the studied plant species accumulate heavyalsnén different ways, both in
comparison to one another and to the surface a@pdrl No statistical interrelations were
found which confirm the influence of local emisssarn the accumulation of heavy metals
in the studied plants. Positive correlations weyanfl in the concentration pairs Ni/Zn
accumulated in mosses, Mn/Cu accumulatedtamnolia vermicularis and Mn/Zn and
Cu/Zn accumulated iBalix polaris.
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