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Abstract

The content of trace elements in the soils of the Vecherny Oasis (Enderby Land, East
Antarctica), where the construction of the Belarusian Antarctic Station started in Decem-
ber 2015, is considered. The results of the research are based on data collected during
four Belarusian Antarctic expeditions in the period from 2011 to 2017, and analytical
testing of soil samples taken from impacted and non-impacted sites. A total of 22 soil
samples were analyzed for the content of trace elements; to compare the levels of ac-
cumulation and possible migration pathways, 7 samples of bottom sediments were also
analyzed. Determination of trace elements was carried out using the AAS method (Cd,
Cr, Cu, Pb, Ni, Zn, Fe, Mn) and emission spectral analysis (about 40 elements). The
average values and range of concentrations of trace elements in soils and bottom
sediments of the oasis are presented. The possible dependence of the trace elements
content on the location positions in the landscape and on the sources of impact is
discussed. It is shown, that the variability of metals content in soil profile for background
site is low. In comparison with other oases of Antarctica no hotspots have been revealed
and no significant areas of soil contamination have been identified yet, which is largely
due to the fragmentation of the soil cover and lack of significant sources of pollution.
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Introduction

The content of trace elementsin the soils  soil pollution connected with construction
of the Antarctic is one of the most im- and operation of scientific stations, as well
portant indicators of their state and envi- as actively developing touristic activities
ronmental quality. Their accumulation and raise concern regarding the possible nega-
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tive impact on unique polar ecosystems
(Chen et Blume 1995, Bargagli 2000, 2008;
Tin et al. 2009, Braun et al. 2014, O'Neill
et al. 2015, O'Neill 2017).

Soils of the Antarctic oases formed in
extreme climatic conditions are character-
ized by slow soil-forming processes that
caused their vulnerability to environmental
change and anthropogenic impacts (Camp-
bell et Claridge 1987, Ugolini et Bock-
heim 2008, O'Neill et al. 2015). As it was
noted in (Bargagli 2000), the deposition of
trace elements with long-range transport to
the Antarcticis generally insignificant (with
the exception of lead). The input of local
sources is predominance for soil contami-
nation in impact zones of scientific sta-
tions. Up to now, high levels of heavy met-
als were recorded at waste storage sites at
McMurdo Station (Claridge et al. 1995),
Scott Base (Sheppard et al. 2000), Casey
station (Stark et al. 2008), around the Ma-
rambio station (Chaparro et al. 2007), at
the former Vanda base (Webster et al.
2003), on the island of King George Fields
Peninsula (Lu et al. 2012, Padeiro et al.
2014), on the Marina Point at the Argen-
tine Islands (Parnikoza et al. 2016), etc. In
a number of cases, a very significant chem-
ical transformation of the original soils has
been identified due to their contamination,
as was the case in the vicinity of Trinity
House and Nordenskjold Hut at Hope Bay
(Antarctic Peninsula); this allowed to clas-
sify soils as technosols (Guerra etal. 2011).
Regarding the soil pollution, the most ev-
ident cases are caused by anthropogenic
loads connected with high density of sta-
tions functioning for a long time (Lu et al.
2012, Celis et al. 2015, Padeiro et al. 2016).
The danger of soil contamination in the
Antarctic oasis, even within the local are-
as, is associated with pollutants re-distri-
bution and their entry into terrestrial water
and coastal seas and their subsequent ac-
cumulation in sediments and biota (Santos
et al. 2005, Kennicutt et al. 2010, Fryirs et
al. 2015). In some cases, remediation of
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metal-contaminated soils has been needed
(Snape et al. 2001, Taylor 2015).

Investigation of trace elements content
in soils of Antarctic oases as well as main
properties of soils and the structure of the
soil cover are very different. According to
(Bockheim 2015), more than 75% of the
soil samples collected in the Antarctic come
from the Transantarctic region of the Vic-
toria Land and 16% - from the Antarctic
Peninsula. According to (Szopinska et al.
2016), more than half of all studies related
to the determination of pollutants in the
environment until 2014 have been carried
out in the Sea of Ross and South Shetland
Islands. The share of East Antarctica ac-
counts for about 18% of all studies. Recent
publications on the soils of the oases of
East Antarctica refer to the specific fea-
tures of soil formation and the properties
of soils in this region (Mergelov 2014,
Mergelov et al. 2015, Dolgikh et al. 2015,
Zazovskaya et al. 2016). As for the Ender-
by Land, the available data on soils are
scarce and fragmentary (MacNamara 1969,
Simonov 1971, Aleksandrov 1985, Dolgikh
et al. 2015). Regarding the trace element
content, data was not found.

The object of our investigation - oasis
Vecherny, where the construction of the
Belarussian Antarctic station started in
2015 after consideration and approval of
Comprehensive Environmental Evaluation
at XXXVIII ATCM in Sofia, Bulgaria. By
now, the basic infrastructure has been cre-
ated, including several residential and serv-
ice models, diesel generators, etc. The sta-
tion operates in seasonal mode (5-8 peo-
ple); in the future it is planned to move to
a year-round mode with a staff of about 12
people.

Between 1980 and 1991, the field base
‘Vechernyaya Mountain’ of the Soviet Ant-
arctic Expedition (SAE) functioned here in
the year-round mode, to provide operation
of the airfield. To date, the remaining in-
frastructure of the field base has been par-
tially dismantled. A few old facilities are



used now, and a few of them are aban-
doned.

Objective of the research: to determine
the content of trace elements in the soils of
the Vecherny oasis and to reveal the fea-

Material and Methods

The investigations were carried out in
the Vecherny oasis located in the western
part of Enderby Land at the Tala Hills
(eastern part), in the coastal zone of the
Alasheev Bay of the Cosmonauts Sea.
There are a number of rocky ridges with a
dominant height — Vechernyaya Mountain
(272.0 m) and several lower ridges stretch-
ed almost parallel to the shore with a north-
west — south-east orientation. The north-
eastern slopes of the ridges are steep and
short, sometimes precipitous, and the south-
western ones are gentle. The ridges are sep-
arated by terraced valleys, the bottoms of
which are occupied by glaciers and tempo-
rary watercourses. The eastern boundary of
the region is the excurrent Hayes glacier.
The nearest oasis Molodezhny is at a dis-
tance of 20 km. The area of the territory
that is not covered by ice in the Vecherny
oasis is about 6 km?; for comparison, ice-
free area in Molodezhny oasis - 10 km?,
Schirmacher oasis — 35 km?, Vestfold oa-
sis — 400 km?, South Shetland islands —
500 km* McMurdo Dry Valleys - 6700
km? (Bockheim 2015).

Soil sampling was carried out by the
participants of the 4™, 5™ 7" and 8" Bela-
rusian Antarctic expeditions (BAE) in the
period from 2011 to 2017 Yu. Giginyak,
V. Myamin and A. Haidashou. In total,
during the four expeditions, 15 points were
laid in areas with loose sediments and 70
soil samples were taken. Soil sampling was
collected at two background areas (remote
from direct anthropogenic impact) and at
three sites that were used before by SAE
or are used now for the construction of
Belarusian Antarctic station.

TRACE ELEMENTS IN SOILS

tures of their accumulation, taken into ac-
count the soil forming factors and human
impact. The results of the work will be
used as a starting point for the subsequent
monitoring and impact assessment.

Location of soil sampling points is
shown on Fig. 1.

The short description of investigated
areas is given below.

Site I: the territory north of Lake
Nizhnee, 0.7 km from the residential mod-
ules of Belarusian Antarctic station. It is
separated by ridges from the sea, as well
as from the former field base and Bela-
rusian Antarctic station so it can be con-
sidered as a background one. Loose delu-
vial and fluvioglacial deposits cover sever-
al tens of square meters. Feathers of skuas
are found on the surface. Vegetation is
absent. A soil pit (point 3) with a depth of
55 cm was allocated.

Site II: the territory to the east of BAS
at the distance 1 km; the area of moraine
deposits location. Direct anthropogenic and
ornithogenic impact are not present. Sur-
face is a slightly inclined. Loose deposits
were revealed at the area of a few tens of
square meters. The vegetation is presented
by mosses. Tree soil pits (points 50, 70
and 75) with a depth from 30 to 65 cm was
allocated.

Site III: a territory formed by alluvial
and fluvioglacial deposits of permanent
streams near Lake Nizhneye. Impacted by
the SAE field base in the 1980-1990" as
well as by station construction site (with
meltwater). The thickness of soil is up to
15-20 cm. Vegetation is absent.

Site I'V: a gentle slope with depressions
and temporary streams; buildings of the
former field base are located here. Mainly
short-profiled soils (up to 20 cm) on eluvi-
al and deluvial deposits are presented. There
are few cenoses with mosses and algae.
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Site V: rocky wavy terrace with tem-
porary streams; station construction areas;
the soils are predominantly thin (up to
20 cm) on eluvial and deluvial deposits.
One cenose with mosses is found.

In most cases, surface soil samples were
collected from the entire soil profile (usu-
ally up to 15-20 cm). When the soil pits
were excavated, samples have been taken
by the horizons (for example, pit 3: 0-5,
5-10, 10-20, 20-30, 30-40, 40-50 and 50-
55 cm; pit 50: 0-2, 2-10, 10-20, 20-30 cm).

Samples of bottom sediments from per-
manent lakes as well as from temporary
lakes, which are fed mainly by snowmelt,
were selected for a preliminary assessment

of the possible migration of trace ele-
ments.

The general characteristics of soil sam-
pling sites are given in Table 1.

Samples of soils and bottom sediments
were collected in plastic containers and
stored in a cold place until delivery to Be-
larus.

Sample preparation of soils was carried
out in a chemical analytical laboratory
at the Institute of Nature Management
(Minsk) according to ISO 11464. Samples
of soils and bottom sediments were dried
and sieved through 1 mm sieve. For chem-
ical analyses a fraction of less than 1 mm
was used.

I

A

Lazyrnaya Bay

(® surface soil sampling [] see
soil pit Y27 |akes

A bottom sediments [ ] snowandice | .

i ice-free areas
(I BAS infrastructure

200 0 200 Meters

soil sampling site number

Fig. 1. Location of soil sampling points at Vecherny oasis.
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Investigated The
site (.a mount | Type of Altitude Humus shar(? of Possible sources
of soil samples, (m) pHka %) fraction of pollutants
sampling depth <1 mm
points) (%)
Soil pits: Background area
samples by to the north from
Site I (3) horizons. 43-47 | 4.0-5.7 2.4-43 15-64 station; separated
Surface, from the BAS by
0-15 aridge
oo Background area
. Soil pits: to theg::ast from
Site 11 (3) samples by 95 6.4 0.16 67 station (about
horizons. 1km)
Area of the past
activities of the
. Surface, field base in
Site 11T (2) 0-20 42-43 5.0-5.4 - 15-97 1980-1990™: melt
water from Sites
IVand V
Area of the past
activity of the
field base ir}}
. Surface, 1980-1990";
Site IV (5) 0-20 70-84 | 5.2-5.6 0.16 31-71 residential
buildings; melt
water from
Sites V
Current activity
(Belarusian
Site v (5) | Surface, 7795 | 4556 | 000224 | 77-95 | Amarctic station
0-15 construction and
operation); fuel
storage area

Table 1. General characteristic of soil samples collection sites at Vecherny oasis.

Determination of Cd, Cr, Cu, Pb, Ni,
Zn and Mn was performed by atomic ab-
sorption spectrometric (AAS) method ac-
cording to ISO 11047. A flame atomic ab-
sorption spectrometer (Saturn-3) was used.
The concentration of elements was detect-
ed in an aqua regia extract of the sample
prepared in accordance with ISO 11466.
HCI and HNOs in proportion 3:1 was used
for acid digestion of sample. Stock solu-
tion of all elements has been prepared us-
ing the state standard sample (SSS):
SSS070-12-93; SSS7874-2000; SSS7873-
2000; SSS7836-2000; SSS7837-2000.

Before conducting of each series of ex-
periments, at least five calibration solu-
tions has been prepared covering the con-
centration range of the element being
determined. Calibration lines for each ele-
ment was created. A blank sample was
used as a zero. The accuracy of digestion
and analytical procedures was verified for
each batch of samples through analysis of
reagent blanks and determination of ele-
mental concentrations in Standard Refer-
ence Material (Lead-zinc Concentrate 680-
75; Bismut copper concentrate 616-75).
The detection limit for Cd was 0.007 mg/1,
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Pb - 0.05, Cu - 0.004, Ni - 0.02, Zn -
0.004, Cr -0.005 and Mn - 0.004 mg/l.
Quality control was evaluated by duplicate
analysis. The relative standard deviations
for all measured metal concentrations were
lower than 25%.

Determination of Co, V, Ti, Mo, Zr,
Nb, Ge, La, Y, Yb, Ga, Bi, Sc, Sn, Li, B,
Ba, W, As, Sb, Hf, Ta, Ag, U, Th, Be, Sr
and In was carried out by emission spec-
tral analysis. For spectral emission analy-
sis, samples have been ground and ho-
mogenized. Internal standards were used
for spectral lines identification. Quantita-
tive assessment of the element content has
been done with the usage of calibration
graphs. Standard Reference Material (Shale
and Basalt) with fixed content of trace
elements were used for analytical proce-
dures. The relative standard deviations for

Results

According to the results, the following
mean concentrations of trace elements
were obtained, mg/kg: Cd — 0.75, Pb—9.9,
Cu-—19.2, Zn —42.9, Ni — 9.6, Cr — 21.9,
Fe — 9754, Mn — 114.5, Co —23.7, V - 60,
Ti — 1430, Mo — 0.8, Zr — 15, Nb — 1.1,
Ge — 1.7, Y — 12, Yb — 3.5, Ga — 10.9,
Sn — 2.8, P — 545, Li — 3.3, B—5.2 (see
Table 2). Content of La, Bi, Sc and Ba was
detected in less than 50% of samples; for
these element mean values were not esti-
mated. Content of W, As, Sb, Hf, Ta, Ag,
U, Th, Be, Sr and In was below the de-
tection limit in all samples.

Comparison with Upper Continental
Crust (UCC) given in (Rudnick et Gao
2003) has shown, that content of most
elements (including Pb, Cu, Zn) in soil of
oasis Vecherny is comparable with UCC.
Content of Cd, Ni, Cr and V is more
corresponded with their content in pod-
zolic soil according to (Kabata-Pendias et
Pendias 2001). Concentrations of Mn, Zr,
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trace element content were lower than
20%.

Determination of trace elements was
done in the laboratory of the Institute for
Nature Management and in the laboratory
of State Enterprise ‘Research and Produc-
tion Center for Geology’. To check the
procedure accuracy, inter-laboratory meas-
ures were undertaken.

Trace element concentrations are ex-
pressed in mg /kg dry weight.

Statistical methods for analysis of trace
element content in soil was applied to cal-
culate average content and standard error.

In the total of 22 soil samples and 7
bottom sediments were analyzed.

Content of major elements, humus, pH
as well as the share of fraction of less than
1 mm have been also determined.

Nb, Sc, Ba and Li in soils of oasis
Vecherny are significant less than in the
UCC.

In bottom sediments mean content of
trace elements was as follow: Cd — 1.2,
Pb - 18.2, Cu—43.0, Zn — 83.4, Ni — 20.0,
Cr — 23.3, Fe — 10013, Mn — 164.0,
Co — 12.0, V — 33.0, Ti — 430, Mo — 1.3,
Zr — 15.0, Nb — 1.5, Ge — 1.5, Y — 23.0,
Yb - 2.8, Bi — 1.3, Ga — 6.0, Sc — 5.0,
Sn — 3.0, B —17.0. Content of W, As, Sb,
Hf, Ta, Ag, U, Th, Be, Sr and In was
below the detection limit. Mean concen-
trations were not estimated for La, Ba and
Li as their concentration was detected in
less than 50% of samples.

For analysis all samples of soil were
separated for two parts represented back-
ground sites and sites with possibility
anthropogenic impact. The main parame-
ters of trace elements content (which is
belong to heavy metals) for these cases are
presented in the Table 3.



TRACE ELEMENTS IN SOILS

. Soil Bottom sediments Mean Mean
Range Mean ?c Range Mean Oc A B
tst.error | (%) tst.error | (%)
cd' nd-2.09 [0.75£0.18| 86 0.14-2.42 1.24+0.32 100 | 0.09+0.01 0.37
Pb nd-22.8 9.942.1 86 nd-36.3 18.2+4.5 86 17.0+0.5 22
Cu | 9.0-30.2 | 19.2+1.1 | 100 12.4-78.5 | 43.049.7 100 28+4.0 13
Zn | 10.2-172.9 | 42.9+8.6 | 100 | 13.1-162.8 | 83.4+19.7 | 100 67+6 45
Ni | 0.52-30.7 | 9.6£2.5 100 2.0-37.5 20.0+£5.8 100 47+11 13
Cr 4.2-579 | 21.9+4.5 | 100 5.2-43.5 23.3+6.0 100 92+17 47
Mn | 56.7-160 114£18 | 100 98.4-214 164£12 100 774£116 270
Co® | 10.0-70.0 | 23.7+4.7 | 100 7.0-20.0 12.0£3.9 100 17.3£0.6 5.5
VvV | 30.0-70.0 | 60.0£3.3 | 100 | 20.0-50.0 | 33.0+8.8 100 97+11 67
Ti | 200-3000 |14304+230| 100 300-500 430+67 100 | 3900+£585 | 2600
Mo 0.5-1.0 0.8£0.07 | 100 0.5-3.0 1.3+0.8 100 1.1+0.3 1.3
Zr 5.0-30.0 | 15.0£2.7 | 100 5.0-30.0 15.0+7.6 100 197+28 160*
Nb nd-3.0 1.1+0.2 67 nd-3.0 1.5+0.9 67 12+1 -
Ge 0.5-3.0 1.7£0.3 100 0.5-3.0 1.5+0.8 100 1.440.1 -
La nd-30.0 - 27 nd-30.0 - 33 3143 37.4*
Y nd-30.0 12.0£2.4 | 80 10.0-30.0 | 23.0+6.7 100 21+2 -
Yb 1.0-7.0 3.5£0.7 | 100 0.5-7.0 2.842.1 100 1.96+0.4 4.0*
Bi nd-0.5 - 27 nd-2.0 1.3£0.7 67 | 0.16+0.06 -
Ga 7.0-30.0 | 10.9£1.4 | 100 3.0-10.0 6.0£2.1 100 17.5+0.7 -
Sc nd-10.0 - 47 5.0 5.0+£0 100 14.0+0.9 5
Sn <1-5.0 2.840.4 93 1.0-7.0 3.0£2.0 100 2.1+0.5 -
Ba nd-50.0 - 7 nd-200 - 33 628+83 330
Li nd-5.0 3.320.6 67 nd - 0 24+5 22
B 1.5-10.0 52409 | 100 10.0-30.0 17.0£6.7 100 17+8 22

Table 2. Trace elements content in soil of oasis Vecherny, mg/kg.

Notes: E — Elements, Oc — Occurrence, Mean A — Mean content in upper continental crust
(Rudnick et Gao 2003)°, Mean B — Mean content in podzols soil (Kabata-Pendias et Pendias 2001)
! _ elements from Cd to Mn have been determined by AAS; ? — elements from Co to B - by
emission spectral analysis; ° — average content + standard deviation; * — average content in soil

(Kabata-Pendias 2010).

The results shown that more significant
variability of heavy metals content espe-
cially Cd, Pb, Zn and Cr is characteristic
for the areas where human activity has been
done in the past and/or are continued now.
The mean content for the background area
is estimated as follows: Cd - 0.12 mg/kg,

Pb - 4.6, Cu - 22.1, Zn - 23.0, Ni - 14.1
and Cr - 10.2 mg/kg. The mean content of
Cd in soil of impacted sites approximately
10 times more in comparison with the
background area, Pb - 3.3, Zn - 2.6 and
Cr - 3.2 times. Close data has been re-
ceived regarding Ni and Cu.
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Site Par. Cd Pb Cu Zn Ni Cr
Non Range | nd-0.22 | nd-15.0 | 9.0-30.0 | 10.3-40.0 | 1.2-50.0 | 4.6-20.0
impacted [ Mean

site (L) | 2 oany | 0126000 | 46512 | 221221 | 23.0627 | 141462 | 102617
Tmpacted | Range | 0.15-2.09 | nd 22.8 | 10.6-30.2 | 10.2-172.9 | 0.530.7 | 4.2-57.9
sites Mean 1 12,6 | 1473.1 | 32.3562
QILV) | o | 119024 | 150628 | 190613 | 5972126 | 147231 | 32326,

Table 3. Mean content of heavy metals by sampling sites. Notes: Par. — parameter, STD — standard

€rror.

It should be stressed that the highest
content of zinc (172.9 mg/kg), chromium -
57.9, lead - 22.8, cadmium - 2.09 mg/kg
was revealed in the soil near the temporary
watercourse (Sample 1, Site III). It means
that migration of contaminants with melt-
water is possible. The detected concentra-
tions within Site III are similar to the lev-
els in the lakes bottom sediments, which
may confirm a redistribution of pollutants
and their accumulation in lakes.

The detected concentrations within Site
Il are similar to the levels in the lakes
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bottom sediments, which may confirm a re-
distribution of pollutants and their accumu-
lation in lakes.

Compared with the mean concentration
values for the soils of the Vecherny oasis,
concentration in lakes sediments is 2.3
times higher for nickel, 2.1 times —for
copper, 2 —for zinc, 1.9 —for lead, and 1.6
—for cadmium (Fig. 2).

The distribution of heavy metals through
the soil profile (Table 4) is considered on
an example of a soil pit (3) which was dug
outside the impact zone (on Site I).

86,58

22}37 2451

bottom sediments

H Cu mZn Ni Cr

Fig. 2. Comparison of mean heavy metals content in soils and bottom sediments of Vecherny oasis

(error bars are shown).
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Sampling The share Loss on
of fraction | ignition, Cd Pb Cu Zn Ni Cr
depths, cm <1 mm, % %

0-5 64.5 1.7 < <1 15.3 18.6 1.9 6.9
5-10 73.6 1.8 < 3.2 17.6 18.2 2.2 7.6
10-20 67.1 1.4 < 2.0 19.6 17.3 2.2 6.4
20-30 76.1 1.8 0.16 | 4.3 24.3 22.0 2.7 7.2
30-40 76.6 1.4 0.11 3.5 29.6 22.7 2.7 7.6
40-50 62.3 1.2 0.21 2.2 19.9 17.8 2.2 6.6
50-55 60.1 1.3 022 | 2.2 13.7 15.7 1.8 6.0

Table 4. Distribution of heavy metals by soil profile (pit 3, Site I), mg/kg’.
" the relative standard deviations for all measured metal concentrations were lower than 25%.

According to the obtained results, the
cadmium content is below the detection
limit up to the depth of 20 cm; deeper it
ranges from 0.11 to 0.22 mg/kg. The lead
content in the surface horizon is less than
1 mg/kg, it increases with the depth; the
maximum values (4.3 mg/kg) are confined
to the horizon of 20-30 cm. The minimum
values of copper (13.7 mg/kg), zinc (15.7),
nickel (1.8) and chromium (6.0 mg/kg)
were detected at the depth 50-55 cm; maxi-
mum values (29.6 mg/kg copper, 22.7 mg/
kg zinc, 2.7 mg/kg nickel and 7.6 mg/kg
chromium) - at the depth 30-40 cm. In gen-
eral, the variability of heavy metals con-
tent is low; elevated concentration of heavy
metals on the depths 20-40 cm may results
of the processes of metal redistribution
with fine soil particles (< 1 mm). The max-

Discussion

Variability of trace elements content in
the soils of the Vecherny oasis can be
caused by both natural and anthropogenic
factors. It can be assumed that one of the
most important natural factors determining
the initial concentrations of trace elements
is the composition and properties of parent
rocks, as shown by the example of other
stations (Crockett 1998, Malandrino et al.
2009, Kostova et al. 2015, Vicek et al.
2017, Smykla et al. 2018, Sheppard et al.

imum share of this fraction (76.1-76.6%)
was found here (in the surface horizon its
share is 64.5%, at a depth of 50-55 cm —
60.1%). Loss on ignition varies insignifi-
cantly between soil samples: from 1.8% in
the surface horizon, to 1.2% in the under-
lying horizon. This means that the influ-
ence of organic matter to the heavy metals
distribution in soil profile is probably not
important. According to (Zvéfina et al.
2012), the key role in maximum concen-
trations of Cr, Cu, Ni and Zn fixed at
depths of 2 to 20 cm in soil of the coastal
zone of James Ross Island belong to in-
creased content of clay minerals and iron
oxyhydroxides in this horizon that have a
high sorption capacity and can accumulate
heavy metals.

2000). According to the data (Myasnikov
2011, Karataev et Garetsky 2011), meta-
morphic rocks of the Archaean and Proter-
ozoic ages are represented in the Vecherny
oasis: plagiogneisses, enderbite-charnock-
ites, charnockite gneisses and augen-gneiss-
es; for granitoids of the charnockite stra-
tum, signs of an increased content of Fe,
Ti, Cu, and Zn elements have been reveal-
ed. The different intensity of the processes
of physical and chemical weathering of lo-
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calrocks, as well as the introduction of mo-
raine deposits create the prerequisites for
initial differences in soils.

Preliminary data on the grain size dis-
tribution and mineralogical features of soils
of the Vecherny oasis have shown that
soils are represented mainly by sand of dif-
ferent fractions (Kukharchyk et Kakareka
2016). The primary minerals, first of all
quartz and feldspar are dominated in the
soil samples. It has been established, that
when the fraction size is decreased, the
share of quartz is increased (reaching 80%
for the fraction 0.16 mm). With increasing
fraction size, the share of granite, feldspar
and diorite is increased (up to 71% in the
2.5 mm fraction). The semi-crocked and
angular-rounded form of quartz and gran-
ite grains and other minerals indicates the
influence of water flows on the soil-form-
ing process as a result of seasonal snow-
melt.

The chemical properties of soils, includ-
ing the content of trace elements, are influ-
enced as well by other natural factors that
determine the intensity of physical and
chemical weathering. The soils of the Ves-
cherny oasis, like many other oases, have a
low organic matter content and exchange
bases (Kukharchyk et Kakareka 2016).
They are fragmentary and differ in proper-
ties even within small investigated areas.
For example, the share of fine fraction (less
than 1 mm) in Site III varies from 15 to
97%, in Site I - from 15 to 64%, in Site IV
- from 31 to 71%. The pH value in soil
samples collected at Site III varies from
4.6 to 5.6, and the humus content is from
0.09 to 2.24%. It is corresponding with
the results given in (Campbell et Claridge
1987), was shown that the properties of
soils differ significantly even within an
oasis, depending on the location in the
relief, the exposure of slopes, remoteness
from the shoreline, moisture, vegetation,
distance from penguin nesting grounds and
other factors.

The cases of elevated concentrations of
heavy metals in the soils and bottom sedi-
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ments of the Vecherny oasis may be con-
sidered as a results of chemical elements
migration with water flows. Since the wa-
ter flows pass through the territory where
the SAE field base facilities were formerly
located, as well as the Belarusian Antarctic
station fuel storage site, it is possible to as-
sume an anthropogenic contribution to the
increased concentrations of heavy metals.
In the future, this factor should be given
special attention, since a lot of water-
courses are appeared in summer, which is
caused by significant differences in the al-
titude between investigated areas: from
42 mto 95 m.

It should be stressed that the identifi-
cation of natural and anthropogenic factors
of accumulation of heavy metals in the
soils of Antarctica is a complex process,
which require conduction of detailed stud-
ies and the collection of data for poorly
investigated areas. First of all, it is neces-
sary to establish background concentrations
for different soil parameters, taking into
account the parent rocks and their location
in the relief. The importance of the initial
environmental conditions which determine
the heterogeneity of metals distribution and
their migration is indicated in some papers
(Gasparon et Matschullat 2006, Bargagli
2008). Available data shows significant
variability in the content of trace elements
in natural undisturbed and unexposed Ant-
arctic soils (Santos et al. 2005, Padeiro et
al. 2014, De Lima Neto et al. 2017, Smyk-
la et al. 2018) - see the Appendix. Not
considering in detail the differences in the
properties of the Antarctic soils, we should
mention only some of the contrasting val-
ues which are known now: for example,
non-humus and organic (ornithogenic) soils,
acid and alkaline, dry and waterlogged, etc.
In other words, according to the range of
these indicators only, one can judge the
diversity of natural factors and their com-
binations, characteristic of the oases of Ant-
arctica.

As it was shown above and in Ap-
pendix, the contaminated soils have a very



clear connection with sources of pollu-
tants, most often waste and / or fuel spills
(Amaro et al. 2015, Parnikoza et al. 2016,
De Lima Neto et al. 2017). Recorded ex-
tremely high metal concentrations in soils
at fire sites, reaching several grams per kil-
ogram of soil according to the data (Guer-
ra et al. 2011, Guerra et al. 2013), refer to
exceptional cases; probably the sources of
pollution were the burning station’s debris.
Among the list of pollution sources, paints
from old painted surfaces of abandoned
buildings (Pertierra et al. 2013) as well as

Conclusion

New data on the content of trace ele-
ments in soils and bottom sediments of the
Vecherny oasis are summarized. It is shown
that variability of content values can be
caused by both natural and anthropogenic
factors. Among the most important natural
factors determining the initial concentra-
tions of trace elements is the composition
and properties of parent rocks.

The cases of elevated concentrations of
Cd, Pb and Zn in soils and Cd, Cu, Ni, Pb
and Zn in the bottom sediments of the
Vecherny oasis confirm, on the one hand,
the migration and redistribution of chem-
icals with melt water flows, and, on the
other, the influence of previous human ac-
tivities related to the functioning of the
field base in the 1980-1990's (possibility
of current human activity influence is not
excluded). In comparison with other oases
of Antarctica, no hotspots have been re-
vealed and no significant areas of soil con-
tamination have been identified yet, which
is largely due to the fragmentation of the
soil cover and lack of significant sources
of pollution.

Assessment of the trace element accu-
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field seasonal bases (De Lima Neto et al.
2017) are indicated. As a secondary source
of soil contamination penguins are consid-
ered, as far as soil contamination at pen-
guins nesting areas was detected (Celis et
al. 2015, Vi¢ek et al. 2017, Cipro et al.
2018).

Generally, in comparison with the soils
of most studied regions of Antarctica (Ant-
arctic Peninsula, Fields Peninsula, Ross
Islands, King George, McMurdo Dry Val-
leys), the soils of the Vecherny oasis has a
relatively low trace elements content.

mulation in soil is complicated because of
only the preliminary data has been re-
ceived for this region. It is necessary to
continue research in this oasis with an
emphasis on clarification of background
values of trace elements, considering the
fragmentation of soils, slow pedogenesis
as well as the subsequent evaluation of
their accumulation due to the functioning
of Belarusian Antarctic station.

To estimate the level of pollution and
its danger, threshold values (Maximum
Permissible Levels) elaborated in Belarus
or in other countries can hardly been di-
rectly applied for the Antarctic soils taking
into account their specific properties as
well as Antarctic biota high vulnerability
and sensitivity. Establishing of critical loads
and thresholds values for the Antarctic
soils is a one of the task for future investi-
gation involving full-scale study of soil-
biota relationships, mapping and modeling
([1] - ATCM XL IP005, 2017). Regulation
of anthropogenic loads will help to prevent
irreversible changes in unique polar eco-
systems within stations location.
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Appendix:

Content of heavy metals is soils of different Antarctic stations (survey of published data).
Location [ Cd [Cr [Cu [Mn [Ni [Pb |V [Zn [ Reference

Background territories
Robert Is- <0.2 | 52 47.8 453 404 | 7.3 109 | 43.9 De Lima
land, South Neto et al.
Shetland 2017
Islands
The Collins | 0.2 28-31 | 49-70 | - 12-18 | 5-7 56-87 | Padeiro et
Glacier, al. 2014
Fildes
Peninsula,
King
George
Island
Ferraz sta- - 40 44 442 5.1 12 91 52 Santos et
tion, King al. 2005
George
Island
Edmonson 021 | 7.8 3.9 380 | 33.6 | 1.7 11.2 | 42.9 Smykla et
Point, al. 2018
Victoria
Land
Terra Nova | 0.4 54 25 - 19 19 - Malandrino
Bay, et al.2009
Victoria
Land
The Hurd - 36 - 1100 | 14 - 190 | 110 Culicov et
Peninsula of al. 2017
the
Livingstone
Island
Impact areas

Robert <0.2 | 72 107 545 37.9 | 102 122 | 148 De Lima
Island, Neto et al.
South 2017
Shetland
Islands, near
wastes
Hope Bay, 50 - 2100 | - - 19380 | - 5200 | Guerraet
Antarctic al. 2011
peninsula,
after the fire
at British
station
Fildes Bay, | 0.5 - 30 - - - - 154 Amaro et
near fuel al. 2015
tanks
Ferraz - 1600 | 34000 | 6800 | 15.9 | 13700 | 250 | 42200 | Guerra et
station, after al. 2013
fire, alarm-
ing levels
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McMurdo
station,
Gray soil

0.13

172

39

98

5.8

115

Crockett
1998

O’Higgins
Base

43

65

422

405

28

282

485

Celic et al.
2015

Fildes
Peninsula,
King
George
Island

0.04-
0.34

17.1-
64.9

51.1-
176.5

449-
1400

7.2-
25.0

2.8-
60.5

41.6-
80.6

Lu et al.
2012

Fildes
Peninsula,
King
George
Island

0.2-
1.2

15-
263

56-
179

12-
141

3-418

68-
949

Padeiro et
al. 2014

The
Bulgarian
Antarctic
Base,
Livingston
Island

3.7-
4.7

42.9-
59.5

50-
50.8

32.5-
33.6

8.3-
44

91-
224

86.8-
199.7

Kostova et
al. 2015

Marina
Point near
Diesel
station,
Galindez
Island of the
Argentine
Islands

20.9

1856

77.1

12.2

741

667

Parnikoza
etal. 2016

Chilean
Bernardo
o’'Higgins,
Antarctic
Peninsula

201

21

39

771

Vicek et al.
2017
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