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Isotope characteristic of snow cover in Tomsk
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Abstract. The snow cover has a high sorption ability that way it is a
source of information in identifying anthropogenic pollution of the
environment, and it also contains a climate signal. Results of studies of the
oxygen and hydrogen isotope composition of snowmelt and the carbon
isotope composition of black carbon extracted from the dispersed fraction
of the atmospheric aerosols deposited on the snow cover during the winter
periods of 2016-2018 years are shown in the paper. The relationships
between air temperature, the amount of precipitation and the isotope
oxygen and hydrogen composition of melting snow are analyzed.

1 Introduction

The isotope composition of precipitation is an important parameter, knowledge of
which is necessary in hydrological, meteorological, paleoclimatic and environmental
researches. The values of the isotope composition of hydrogen and oxygen of atmospheric
precipitation are used as important climatic parameters in studying atmospheric humidity
cycles, hydrological and glaciological cycles [1], and also used as a basis for the
paleotemperatures reconstruction in the studies of ice cores [2].

Snow cover is an informative indicator of aerogenic pollution, because atmospheric
pollutions accumulate naturally at it. One such pollutant is black carbon (BC) or pyrogenic
carbon, which is formed during incomplete combustion of fossil fuels, biofuels and
biomass. BC is the main component of soot, which in addition to it also contains organic
carbon. Although BC exists in the atmosphere for a short time, it has a significant impact
on climate, ecology and public health.

Unfortunately, the amount of researches in which the isotope composition of
precipitation and air particulate matter which deposited to snow cover is investigated, is
small for Russia. However, there are a number of studies for individual regions [1, 3, 4].
The purpose of our work is studying of oxygen and hydrogen isotope composition of winter
atmospheric precipitation and the isotope composition of carbon from air particulate matter
deposited on snow cover in Tomsk and its vicinities.

2 Materials and methods

Snow cover was sampled at 17 sites in March, 2016, 2017 and 2018.
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Six sampling sites (1-6) are located outside the city (Tomsk) and are considered as
background. The rest sampling sites are located at sites with different degree of
anthropogenic loading inside the city (industrial enterprises, power plants, and transport).

Snow cores selected using a plastic pipe with scale of depth and with a diameter of 10
cm by applying an envelope method according to a technique [5]. Then samples were
packed into leakproof plastic bags and were delivered to laboratory. Melting of snow
happened in laboratory conditions at the room temperature. Snowmelt was filtered. The
total carbon content and carbon isotope composition was determined in the particulate
matter deposited to snow cover and also black carbon was extracted from them. Snowmelt
was analyzed on isotope composition of oxygen and hydrogen.

Air particulate matters are a combination of three types of carbon: inorganic
(carbonates), organic (for example, humic substances and plant material) and the pyrogenic
(black) carbon. Extraction of BC was carried out according to the technique offered in work
[6]. Treated BC samples were washed with the deionized water, centrifuged and dried. 500
ug of the BC samples were placed in tin capsules and combusted in the oxidation-reduction
reactor of the element analyzer.

5 uL of snowmelt samples were located in vials and were flushed by gas mixture. A gas
mixture of 0.5% CO; in He was used in the analysis of oxygen isotope composition. The
catalytic platinum sticks were inserted into vials with samples and a gas mixture of 2% H»
in He was used in the analysis of hydrogen isotope composition. After a flush the analysis
of isotope composition of water was carried out by method of isotope equilibration: for
hydrogen in 40 min and for oxygen in 8 hours.

The isotope analysis of the dispersed fraction of atmospheric aerosols was carried out
using the Flash 2000 Elemental analyzer, and analysis of snowmelt was carried out using
the GasBench Il system. Elemental analyzer and GasBench Il system are coupled to
DELTA V Advantage isotope ratio mass spectrometer (Tomsk Regional Council of Tomsk
Scientific Center SB RAS).

Hydrogen, carbon and oxygen isotope compositions (8°H or 8D, §'3C and 3'%0)
generally are expressed as a § value in units of per mil according to the formula:

8" X = {%—1} 1000. [%o] @)
'standard

In this equation, the 6 is specified for an element (X = H, C, O), the superscript H gives
the heavy isotope mass of that element (*H, '3C, '0) and R is the ratio of the heavy isotope
to the light isotope for the elements — 2H/'H, '3C/'2C, '30/'¢O.

The o value is calculated relative to standards: carbon in Vienna Pee Dee belemnite (V-
PDB), oxygen and hydrogen in SLAP, GISP and VSMOW. All isotope measurements were
done in replicates, and standard deviation (SD) didn’t exceed +£0.2%o for carbon, £0.3%o for
oxygen and +0.8%. for hydrogen.

3 Results

3.1 Isotope composition of snowmelt

The results of the isotope analysis of 15 snow cover samples for the winter period (from
November to March) showed that the values of 8'®0 and 8D for two years vary in the
ranges: from —24.4 to —21.0%o for 5'%0 and from —183.6 to —148.2%o for 8D (Fig. 1).

For the background areas (1-5 sampling sites), the §'80 and 8D values for two winter
periods (2016-2017 and 2017-2018) have similar values. However, the values of both §'%0
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and 8D for all sampling sites for the 2016—-2017 winter period are lighter compared with the
2017-2018. The average values of %0 and 8D for the 20162017 and 2017-2018 winter
periods are —23.4 and —22.1%o, —174.3 and —161.4%o., correspondingly.
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Fig. 1. The average 6D and 3180 values of snowmelt for two years.

It is a fact that the fractionation of isotopes in precipitation is primarily determined by air
temperature [7]. According to the histogram of the distribution of average air temperatures (Fig.
2), the air temperatures from —15 to 0°C and from —20 to 0°C predominate in the 20162017
and 2017-2018 winter periods, correspondingly. However, the amount of days with low
temperatures (from —30 to —20°C) is more for the 2016-2017winter period. The average values
of air temperature for the 2016-2017 and 2017—2018 winter periods are approximately the same
and equal to —11.24°C and —11.44°C, respectively. This small difference in temperature (0.2°C)
does not explain the difference in the isotope composition of snow. Since the isotopic
composition of precipitation has lighter values at lower formation temperatures, the conditions
when the main part of snow cover was formed should be considered.
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Fig. 2. The values of snow depth, average air temperatures and a histogram of air temperature
distribution for the 20162017 and 2017-2018 winter periods.
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In the 20162017 winter period the main part of snow cover was formed at the end of
November and at the beginning of December 2016 (Fig. 2). The air temperature in this time
interval varied from —27 to —10°C. At the lowest temperature in December, 2016 (about —
36°C) the snow depth decreased due to the freezing of snow. From January to March the
snow depth was almost unchanged. In the 2017-2018 winter period snow cover began to
form in middle of November at temperatures from —15 to —5°C, and the main part of snow
cover was formed at the end of December 2017 and at the beginning of January 2018, when
warming from —15 to 0°C was observed (Fig. 2). At the lowest air temperature (around —
35°C) in January 2018, the snow depth, as well as for 2016-2017 winter period, decreased
due to the freezing of snow. Since in 2017-2018 winter period the main part of snow cover
was formed at higher air temperatures, hence the snow samples of this winter period are
characterized by a heavier isotope composition of oxygen and hydrogen.

Because the snow cores were not sampled layer-by-layer, it is not possible to obtain the
equations for the dependence of the isotope composition of precipitation on the air
temperature in the winter period.

3.2 Carbone isotope composition of atmospheric aerosols deposited on
snow cover

Snow cover is a handy object for studying the arrival of air particulate matter into the
atmosphere and its further redistribution. The §'°C variations of atmospheric aerosol
deposited on the snow cover during the winter period allow comparing the values of total
carbon isotope composition between years. During the past three years the 8°C of air
particulate matter which deposited on snow cover has been analyzing in Tomsk (Fig.3).
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Fig. 3. Variations of the §!3C of air particulate matter and extracted from them black carbon (BC) for
Tomsk.

The §'3C values of air particulate matter differ by 7%o at different sampling points, and
the percentage of carbon varies from 3% to 24%. The §3C for background area (1-6
sampling site) has similar values for three years (Fig. 3). However, for urban area, similar
stability of 8*3C values is observed in 7, 9, 11, 15—17 sampling site.

Considering the isotope composition of total carbon, it is difficult to determine the
source of carbon origin due to the transformation of soot particles through time. However,
the isotope composition of black carbon extracted from aerosol particles can be used to
estimate the initial substance, i.e. fuel. We carried out laboratory studies of soot particles
released during fossil fuel (coal, oil products) and biomass (wood, peat) combustion were
trapped to determine the origin of pyrogenic carbon [9]. In this studies coal soot has the
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heaviest isotope composition equal to —24.3%o and the products of oil processing have the
lightest isotope composition =~ —29.7%o (Fig. 3).

Only in 5 samples out of 17 we were able to extract black carbon in an amount
sufficient for analysis in 2016 (Fig. 3). The 8'3C of BC in samples Ne9 (8°C = —28.1%o)
and Nel0 (33C = -28.9%o), selected near roads with heavy traffic, was light. The lightest
3C of BC (8C = -30.3%0) corresponds to the sampling site located near the
petrochemical plant. These values of the §*3C of BC correspond to the 8*3C of soot formed
during the combustion of oil products. The heavy isotope composition (§3C = —24.5%o)
corresponds to the samples taken near the cottage village, which is heated by coal.

4 Conclusion

The results of the isotope analysis of snow samples in Tomsk during winter period (from
November to March) showed that the values of §'%0 and 8D vary from —24.4 to —21.9%o
and from —183.6 to —154.3%o, respectively in 20162017, and from —24.2 to —21%o and
from —176.3 to —155.1%o respectively in 2017-2018. First of all, the isotope fractionation in
atmospheric precipitation is determined by air temperature. The key issue is that the
temperature at which the maximum amount of precipitation fell has a primary importance
for interpreting data of a whole snow cores. For the equation of local meteoritic
precipitation line, it is necessary to take snow samples layer-by-layer after each snowfall.

The study of carbon isotope composition of dispersed fraction of atmospheric aerosol
deposited on snow cover makes it possible to estimate the anthropogenic impact during the
entire winter period. It is necessary to select atmospheric aerosol more frequently (for
example, to glass fiber filters using air-blowing systems) for better understanding the
changes in spatial and temporal variations of isotope composition of atmospheric aerosol
and tracking the transfer of the latter.
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