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ABSTRACT. Snow cover contains various impurities from natural and anthropogenic sources. These
impurities percolate into the soil, groundwater and surface water during snowmelt, significantly
influencing their composition. We consider the metals content in snow cover in south Sakhalin, Sea of
Okhotsk. Samples were taken in February-April 2011 by the Laboratory of Avalanche and Debris-flow
Processes of the Sakhalin Department of the FEGI FEB RAS. Sample analysis was performed by the
Laboratory of Analytical Chemistry, FEGI FEB RAS. Overall, the metals present in the highest
concentrations were Ca, K, Mg and Na. Other metals have low concentrations at the level of total
mineralization of surface water and groundwater. Thus, the main sources of metals in south Sakhalin
snow cover are the water surface of the sea and anthropogenic sources.

INTRODUCTION

Snow cover contains various impurities from natural and
anthropogenic sources. These impurities percolate into the
soil, groundwater and surface water during snowmelt,
significantly influencing their composition.

The ingress of chemical elements to snow cover is
conditioned by the content of substances in atmospheric
precipitations, gas absorption from the atmosphere, sub-
stance loss by evaporation, deposition of soluble substances
from the atmosphere, the interaction of snow cover with
vegetative ground cover, wind activity, the influence of
microorganisms and animals, and economic activity (lvanov
1987). Metals constitute a significant part of these impu-
rities.

In this paper, we consider the metals content in snow
cover in south Sakhalin, Sea of Okhotsk, and its regional
distribution. The major task was to retrace the variation of
the metals content in the snow cover with distance from its
main sources (water surface of the sea and anthropogenic
sources, i.e. the main traffic arteries, urban areas and
agricultural fields).

METHODOLOGY

The chemical composition of snow cover has been analyzed
in several studies (e.g. Gray and Male, 1981; Shah and
others 2008; Novorotskaya 2011; Watanabe and others
2011). In the majority of these, the total snow thickness is
studied, not taking into account its stratification. In this
study, we took samples from specific snow layers formed by
specific snowfalls. This enabled us to detect the metals
content for specific snow layers and to retrace the metals’
concentration along the territory of south Sakhalin for the
specific layer.

Samples were taken from three sections in south Sakhalin
(Fig. 1):

1. Eight sampling points in Susunajskaja lowland, from
Starodubskoe village to the city of Korsakov.

2. Five sampling points across Susunajskiy ridge, from
Lesnoe village to the city of Yuzhno-Sakhalinsk.

3. Four sampling points along the west coast, from Kalinino
village to Shebunino village.

In sections 1 and 2, samples were taken from a snow layer
formed by snowfall on 14-17 January 2011. The age of the
layer at the time of sampling was 25 days (Fig. 2).

In section 3, samples were taken from the layer of new
snow formed by the snowfall of 15 March 2011 (layer 1) and
from the snow layer formed by the snowfall of 14-17 January
2011 (layer 2). The ages of the layers at the time of sampling
were 1 and 60 days respectively (Fig. 3).

Samples were taken by the Laboratory of Avalanche and
Debris-flow Processes of the Sakhalin Department of FEGI
FEB RAS in February-April 2011. Analysis of the samples
was performed by the Laboratory of Analytical Chemistry of
FEGI FEB RAS.

Fig. 1. Location map of sampling points in south Sakhalin island.
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Fig. 2. Profile of snow layers from which samples were taken in
sections 1 and 2. Shaded area is sampling layer. Age of layer is
25 days.

METEOROLOGICAL CONDITIONS

The formation of snow cover on south Sakhalin in winter
2010/11 took place in the first 10 days of December, which
is, on average, 10-15 days later than the long-term average
annual mean. The average height of snow cover during
winter 2010/11 was ~50cm (according to data from south
Sakhalin hydrometeorological stations). The average height
of snow at the time of sampling was 70cm in section 1
(8 February 2011) and 65 cm in section 3 (16 March 2011).
The total number of cyclones with >5mm precipitation
in 24 hours on south Sakhalin in winter 2010/11 was
20, which is 30% fewer than the long-term average
annual mean.

Table 1. Characteristics of sampling points in sections 1 and 2
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Fig. 3. Profile of snow layers from which samples were taken in
section 3. Shaded areas are sampling layers, with layer 1 upper-
most. Age of layer 1 is 1 day; age of layer 2 is 60 days.

The reference direction of the wind in winter is north on
south Sakhalin. An accumulation of aerosols of marine
genesis in snow cover in the coastal zone of south Sakhalin
is due to breeze from the sea.

Destruction of stable snow cover occurred within the
long-term averages in the first 10 days of April.

CHARACTERISTICS OF SAMPLING POINTS

Sampling points were located in different landscapes and at
different distances from the sea and anthropogenic facilities
(the main traffic arteries, urban areas and agricultural fields).
Sampling points 1-5, 1-6 and 2-1 to 2-4 were located under

Sampling Snow Thickness of ~ Distance from  Distance from  Underlying surface Soil state Shortest distance Snow
point cover height sampled layer sampled layer ~ sampled layer to sea density
to snow surface  to soil surface
cm cm cm cm km kgm™
Section 1
1-1 40 12 9 19 Herbaceous vegetation Frozen 0.85 0.3
1-2 95 9 29 57 Herbaceous vegetation Frozen 13.00 0.3
1-3 111 19 35 57 Herbaceous vegetation Melted 30.00 0.30
1-4 81 17 19 45 Herbaceous vegetation Melted 31.00 0.3
1-5 60 9 10 41 Tall herbaceous cover, Melted 21.00 0.1
tree waste, herbaceous
vegetation
1-6 57 9 17 31 Tall herbaceous cover, Frozen 13.00 0.2
tree waste, herbaceous
vegetation
1-7 54 12 14 28 Tree waste, herbaceous Frozen 0.60 0.2
vegetation
1-8 33 9 10 14 Herbaceous vegetation Frozen 0.04 0.3
Section 2
2-1 89 10 27 52 Tall herbaceous cover Melted 22.30 0.3
2-2 120 17 25 78 Tall herbaceous cover Melted 20.00 0.3
2-3 114 22 21 71 Sasa kurilensis Melted 12.00 0.3
2-4 83 14 23 46 Herbaceous vegetation Frozen 35.00 0.3
2-5 60 6 24 30 Herbaceous vegetation Frozen 0.05 0.3
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Fig. 4. Metals content (mgL™") in snow cover in sections 1 and 2.

a canopy of mixed forest. All sampling points except 2-1 and
2-2 were located <100 m from roads; sampling points 1-8,
2-1 to 2-5, 3-3 and 3-4 were located near roads with very
low traffic load.

The characteristics of each section were as follows:

1. All section 1 sampling points (1-1 to 1-8) were located on
a sub-horizontal surface in Susunajskaja lowland
(Table 1).

2. Sampling points 2-1 to 2-3 were located in Susunajskiy
ridge, sampling points 2-4 and 2-5 were located on the
coast of the Sea of Okhotsk (Lesnoe village), and all
section 2 sampling points except 2-1 were located on a
sub-horizontal surface (Table 1).

3. All section 3 sampling points (3-1 to 3-4) were located
on a sea cliff with slope 35-45°. Sampling points 3-1, 3-3
and 3-4 were of westerly aspect, and sampling point 3-2
was of southerly aspect (Table 2).

The underlying surface for all sample points was herbaceous
vegetation.

RESULTS

We determined the content of the following metals: Al, Ba,
Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Pb, Srand Zn
(Tables 3 and 4).

The analysis was performed using inductively coupled
plasma atomic emission spectrometry on the spectrometer
iCAP 6500Duo (Thermo Scientific Corporation, USA) in the
Laboratory of Analytical Chemistry, FEGlI FEB RAS. The
content of Cd, Co, Cr, Cu, Ni and Pb was lower than the
sensitivity of the analyzer, i.e. <0.01 mgL™".

The metals content in south Sakhalin snow cover is
very varied (Figs 4-6). It is higher on the sea coasts and
near settlements and agricultural fields. The two main
sources of metals are the water surface of the sea and
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Table 2. Characteristics of sampling points in section 3

Sampling ~ Snow  Snow cover  Thickness of  Distance from Distance from Underlying surface  Soil state Shortest Snow
point layer No. height sampled layer  sampled layer ~ sampled layer to distance density
to snow surface soil surface to sea
cm cm cm cm km kgm™
3-1 1 46 21 4 21 Tall herbaceous cover,  Frozen 0.1 0.2
Sasa kurilensis
2 46 10 25 11 Tall herbaceous cover,  Frozen 0.4
Sasa kurilensis
3-2 1 76 4 1 71 Sasa kurilensis Melted 0.25 0.3
2 76 12 25 39 Sasa kurilensis Melted 0.4
3-3 1 61 1 0 60 Tall herbaceous cover  Frozen 0.25 0.1
2 61 6 16 39 Tall herbaceous cover  Frozen 0.3
3-4 1 38.5 0.5 0 38 Tall herbaceous cover  Frozen 0.05 0.1
2 38.5 6 16.5 16 Tall herbaceous cover  Frozen 0.4

Table 3. Metals content in snow cover in sections 1 and 2

Sampling point Chemical element
Al Ba Ca Fe K Mg Mn Na Sr Zn

Section 1

1-1 <0.01 <0.01 0.16 <0.01 0.62 0.35 <0.01 2217 0.01 <0.01
1-2 0.01 <0.01 0.14 0.01 0.17 0.07 <0.01 0.31 <0.01 <0.01
1-3 <0.01 <0.01 0.14 0.01 0.11 0.17 <0.01 1.07 <0.01 <0.01
1-4 <0.01 <0.01 0.37 <0.01 0.86 0.27 <0.01 4.18 <0.01 0.01
1-5 0.01 0.01 0.27 0.01 0.25 0.17 <0.01 1.08 <0.01 0.01
1-6 0.02 <0.01 0.19 0.01 0.07 0.08 <0.01 0.51 <0.01 <0.01
1-7 0.01 <0.01 0.27 0.01 0.3 0.19 <0.01 1.13 <0.01 0.01
1-8 0.02 0.03 0.43 0.02 0.35 0.52 <0.01 3.3 <0.01 0.01
Section 2

2-1 <0.01 <0.01 0.07 0.01 0.18 0.05 <0.01 0.31 <0.01 <0.01
2-2 <0.01 <0.01 0.25 0.01 0.3 0.18 0.02 1.1 <0.01 <0.01
2-3 0.01 <0.01 0.54 0.01 0.24 0.13 <0.01 0.62 <0.01 0.01
2-4 <0.01 <0.01 0.16 <0.01 0.54 0.1 <0.01 0.54 <0.01 <0.01
2-5 <0.01 <0.01 0.39 <0.01 0.68 0.46 <0.01 3.76 <0.01 <0.01

Table 4. Metals content in snow cover in section 3

Sampling  Snow layer Chemical element
point No.
Al Ba Ca Fe K Li Mg Mn Na Sr
3-1 1 0.02 <0.01 1.29 0.01 0.37 <0.01 0.83 0.02 4.60 0.01
2 0.01 <0.01 0.40 0.01 0.23 <0.01 0.68 0.01 5.15 <0.01
3-2 1 <0.01 <0.01 0.08 <0.01 0.05 <0.01 0.06 <0.01 0.65 <0.01
2 <0.01 <0.01 0.14 <0.01 0.27 <0.01 0.17 <0.01 1.81 <0.01
3-3 1 <0.01 0.01 0.19 <0.01 0.15 <0.01 0.11 <0.01 0.71 <0.01
2 <0.01 <0.01 0.20 <0.01 0.19 <0.01 0.39 <0.01 3.13 <0.01
3-4 1 0.03 0.01 3.87 0.04 8.73 0.16 39.65 0.01 43.21 0.04
2 <0.01 <0.01 0.10 0.01 0.10 <0.01 0.10 <0.01 0.96 <0.01
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Fig. 6. Metals content (mgL™") in snow cover in section 3, layer 2.
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anthropogenic sources (the main traffic arteries, urban
areas and agricultural fields).

SOURCE OF METALS IN SNOW COVER
Water surface of the sea

The major source of Ca, K, Mg and Na in snow cover of the
sea coasts of south Sakhalin is aerosols of marine genesis.

Sampling points were located at different distances from
the sea, causing considerable fluctuations of the content of
Ca, K, Mg and Na in snow cover.

The content of Ca, K, Mg and Na is visibly higher for
slopes with westerly aspect, i.e. rotated to the sea, and
visibly lower in sample 3-2 (southwesterly aspect, sampling
point located at an angle to the prevailing wind direction
from the sea). High concentrations of Ca, K, Mg and Na
were therefore detected at sampling point 3-4 in comparison
with other sampling points.

At sampling points 1-1, 3-1 and 3-4, Sr was detected
(0.01-0.04 mg L™"). An aerosol of marine genesis is a source
of the high concentration of Sr at these sampling points
compared with other points.

Regularity of metals content in new and old snow was not
detected in section 3, so the main factor that defines the
concentration of aerosols of marine genesis in snow cover is
wind direction during the period from snowfall forming a
snow layer to the next snowfall.

Anthropogenic facility

Zn in concentrations of 0.01mglL™" was detected at
sampling points located on the outskirts of the city of
Yuzhno-Sakhalinsk, the city of Korsakov and the village of
Lesnoe and near the ‘Izvestkoviy” quarry (sections 1 and 2).

High concentration of Al was detected at sampling points
located near anthropogenic facilities (population centres,
roads with high traffic load, ‘Izvestkoviy’ quarry) and in
some sampling points located on the sea coast where
transfer of sand from the beach by the wind was possible.

Fe content was higher at sampling points 1-8 and 3-4 than
at other sampling points.

In addition, Ba was detected at five sampling points (in
concentrations more than 0.01 mg L.

Fe was detected at practically all sampling points (in
concentrations of 0.01-0.04 mgL™").

K and Na contents were higher at sampling points located
in the agricultural fields because of fertilizer usage.

A high concentration of Ca was detected at sampling
point 2-3 due to wind transport of limestone dust from the
‘Izvestkoviy’ quarry.

However, sampling points located at <200 m from roads
(except sampling points 2-1 and 2-2) had concentrations of
heavy metals such as Cd, Co, Cu, Ni and Pb that were lower
than the sensitivity of the analyzer, i.e. <0.01mgL™". An
exception is Zn, whose concentration at sampling points
located on the settlement outskirts was 0.01 mgL™".

SUMMARY

Overall, the metals present in the highest concentrations are
Na in sections 1 and 2 and Ca, K, Mg and Na in section 3,
i.e. metals associated with aerosols of marine genesis.

Metals whose source is aerosols of marine genesis were
detected along the whole of section 1 due to the prevailing
northerly wind in winter.

Other metals have low concentrations at the level of total
mineralization of surface water and groundwater of south
Sakhalin.

The concentrations of metals in separate snow layers
substantially depend on ingress of metals during the period
from snowfall, forming a snow layer, to the time when this
snow layer is overlapped by the next snowfall. Thus in
general the major source of metals in snow cover is
atmospheric aerosols.

Migration of metals from soil to snow cover is generally
slight. An exception is snow cover on agricultural fields
without vegetation, where the soil is oversaturated with
fertilizers and tilled.

The metals content was higher at sampling points located
under a forest canopy.

Thus, the main sources of metals in the snow cover of
south Sakhalin are the water surface of the sea and
anthropogenic sources (the main traffic arteries, urban areas
and agricultural fields).

ACKNOWLEDGEMENTS

This research was made possible by the assistance of our
colleagues from the Far East Geological Institute of the Far
East Branch of the Russian Academy of Sciences:
D.A. Bobrova, Y.V. Gensiorovskij, S.P. Zhiruev,
N.A. Kazakov, I.A. Kononov, V.I. Okopnyj, S.V. Rybal’-
chenko, V.K. Stavnijchuk, G.A. Chelnokov and
N.A. Kharitonova.

REFERENCES

Gray DM and Male DH eds (1981) [Handbook of snow: principles,
processes, management and use.] Gidrometeoizdat, Leningrad
[in Russian]

Ivanov AV (1987) [The theory of cryogenic and glaciogenic
hydrochemical processes. Résumé of science and technique.]
VINITI AN SSSR, Moscow (Glaciology 5) [in Russian]

Novorotskaya AG (2011) [The role of snow cover in the Amur River
pollution (by example of Khabarovsk).] In Chteniya pamyati
Vladimira Yakovlevicha Levanidova, Vyp. 5 [Vladimir Ya
Levanidov’s Biennial Memorial Meetings, No. 5], 412-418 [in
Russian with English summary]

Shah SK, Tanaka M, Kuramoto T and Suzuki K (2008) Chemical
dynamics of snowpack in the Northern Japan Alps during
snowmelt season. Bull. Glacier Res., 26, 9-14

Watanabe K and 9 others (2011) Chemical characteristics of the snow
pits at Murododaira, Mount Tateyama, Japan. Ann. Glaciol.,
52(58), 102-110 (doi: 10.3189/172756411797252239)



