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Abstract

The results of  conjugated studies of  contaminations of  snowpack and atmosphere air by polyaromatic
hydrocarbons (PAH) and soot in a number of major cities of the south of West Siberia are presented.
Snow samples selected at the stationary observation stations were analyzed by the method of  gas chroma-
tography mass spectrometry (GC-MS) on the content of PAH. The results obtained were compared with
the data of the Federal Service for Hydrometeorology and Environmental Monitoring of Russia (Roshy-
dromet) on soot and benzo(a)pyrene in air. Linear correlations between concentrations of considered impuri-
ties in conjugated environments were established. The data of  ground monitoring snowpack contamination
by PAH were compared with the results of winter space image processing by tones of the grey colour.
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INTRODUCTION

The organization of systematic instrumen-
tal observations of atmospheric air long-term
contamination at urban territories present cer-
tain difficulties [1�4]. In this regard,  natural
plane-tables that are accumulators of aerosols
are widely used in monitoring urban environ-
ment. One of the effective ways of experimen-
tal studies of atmospheric transfer processes of
organic compounds (OC) is the study of snow-
pack as a natural tablet-accumulator [5�8]. Black
carbon is highly dispersed co-faction in fossil
fuel combustion processes. Its presence is traced

in the composition of the deposited aerosols at
different types of anthropogenic sources as coal
boiler-houses and CHP plants, industrial plants,
highways. In the composition of fallouts of OC,
polyaromatic hydrocarbons (PAHs) are also
present [9�13]. An especially large amount of
PAH emissions is observed in the winter sea-
son after burning coal and mazut at thermal
power plants and in private sector housing. Auto
transport also makes a significant contribution
into the urban atmosphere contamination.

The structure of the space-time distribu-
tion of sources of PAH emissions into the city
atmosphere is a quite heterogeneous. The pres-
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ence of PAHs in air can be judged by
benzo(a)pyrene and soot. Levels of atmospher-
ic contamination by these impurities are deter-
mined at stationary posts of  Roshydromet
[1, 3, 14�16]. It should be noted, that the ef-
fectiveness of  the used stationary posts sys-
tems is very limited: new sources appear at the
city territory, autopark expands in rapid temps,
road network and building construction areas
change. As a consequence, there is a need for a
significant extension and optimization of the
system of the observation stations.

The numerical  analysis of  monitoring data
of  prolonged contamination of  snowpack on the
basis of  space dynamics of  processes of  the at-
mospheric transport  from OC emission sources

allows reconstructing precipitation fields,  assess-
ing the total emissions and characteristics of the
disperse composition [5, 6, 17]. This approach
allows significantly complementing the system
of  the air contamination control.

Alongside with ground monitoring, meth-
ods of  remote sounding snowpack contamina-
tion are intensively developed over several de-
cades [18�20]. They allow operatively identify-
ing the detailed contamination space structure
from various sources at wide territories. In this
regard,  it is important to establish functional
relations between these two monitoring kinds.

The aim of this work is to conduct paired
studies on the establishment of quantitative
regularities in the distribution of OC in the

Fig. 1. Schemes of  snow sampling at the territories of  Novosibirsk (a),  Kemerovo (b),  Barnaul (c),  and Tomsk (d).
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snow and the atmospheric air on territories of
large cities of the south of West Siberia. In
this regard, during a number of winter sea-
sons field works on sampling of snow on the
territories considered,  the chemical analysis of
samples from on the major PAH, numerical
analysis of  observational data. An important
work stage is the comparison of ground obser-
vations with the results of processing corre-
sponding space images by tones of gray colour.
It should be noted that this study was conduct-
ed in a close cooperation with territorial hydrom-
eteorological services (Novosibirsk, Kemerovo,
Tomsk Regions and Altai Territory) within the
framework of Integration project SB RAS No. 84
in the period of 2009�2011 [15, 16, 21].

EXPERIMENTAL STUDY

Regular snow sampling was carried in the end
of winter seasons of 2009�2011 on the territo-
ries of  Novosibirsk,  Kemerovo,  Barnaul and
Tomsk near the stationary posts of  air contam-
ination monitoring (PÑMs) of  Roshydromet. The
location scheme of PÑM is shown in Fig. 1. Note
that in Novosibirsk and Barnaul,  these studies
were continued and in the subsequent years.

The samples were taken using a plastic or
titanium tube at open areas of undamaged snow
cover in it full depth. It should be noted, that
in some cases, the selection of places for sam-
pling had certain difficulties: the absence of
the fence of PÑM, close location of local sources
in the form of parking lots, highways, con-
struction works, etc.

In big cities, the control for the air quality
at the posts of Roshydromet is conducted on
the following basic parameters: suspended sub-
stances, soot, sulphur and nitrogen dioxides,
carbon monoxide, and specific parameters: ni-
trogen oxide, hydrogen chloride, ammonia,
hydrogen fluoride, formaldehyde,
benzo(a)pyrene,  etc. The conditional division of
the posts on certain groups related to the na-
ture of  city territory contamination source is
accepted. In particular, for Novosibirsk, the
posts are divided into �regional background�
(PÑM 47), �urban background� (PÑMs 13, 24,
26) located in residential areas, �industrial� �
near plants (PÑMs 18, 19, 25), and �auto� �

near highways or areas with heavy transport
traffic (PÑMs 1, 21, 49, 54).

Many cities in Siberia are characterized by
increased content of suspended substances,
benzo(a)pyrene, soot. The highest concentra-
tions of benzo(a)pyrene and soot in atmosphere
are marked for the cold season of the year.
The measurements of soot in the cities are per-
formed practically at all posts several times a
day. Benzo(a)pyrene is measured less frequently
and at 1�3 city posts. Only since 2011, the num-
ber of posts in Novosibirsk and Tomsk, where
benzo(a)pyrene is measured, was substantially
increased.

CHEMICOANALYTICAL STUDY

For determining 19 basic PAHs, the meth-
od of [22] was used. The starting snow sample
was melted at room temperature, substances-
witnesses, which allow assessing the complete-
ness of PAHs extraction, were introduced into
the sample; hereafter, extraction concentrat-
ing PAH into dichloromethane was performed.
After separation, the extract was dried by an-
hydrous sodium sulphate. The dry residue af-
ter evaporation at a rotary evaporator was dis-
solved in acetone. The solution obtained was
analysed by method of  gas chromatography
mass spectrometry (GC-MS) using Agilent
Technologies (AT) 6890 N gas chromatographer
with a capillary column HP-5MS and quadru-
pole mass spectrometer detector AT 5975 N
working in the detection mode of characteris-
tic ions for determined compounds. The cali-
bration of GC-MS was done using a standard
mixture of PAH (Hewlett Packard No. 8500-
6035). The error of  PAH  determination was
not higher than ±20 %. The additives of stan-
dard bromine and deuterated PAH derivatives
introduced in the samples allowed to evaluate
the correctness of the result definition.

Tables 1�4 present the basic results of
PAHs determination in snow samples taken at
the posts of  Novosibirsk,  Kemerovo,  Barnaul,
and Tomsk in the end of the winter season of
2010�2011. They include the sum of PAHs, the
content of benzo(a)pyrene as most toxic, and
phenanthrene,  which in samples was repre-
sented by the largest concentrations between.
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Analysis of  the tables and sampling schemes
shows that high PAH concentrations are
reached near the highways, in areas of inten-
sive influence of coal power stations, industri-
al plants. The residential areas of the cities are
characterized by the lowest PAH concentra-
tions. Generally, one can conclude from the data
presented that Barnaul,  Kemerovo,  and No-
vosibirsk are contaminated by PAH  in some
greater extent, than Tomsk which is in less.

ANALYSIS OF CORRELATIONS

It is reasonable to compare the parameters
of the chemical composition obtained for air
and snow on the assumption of  their nature
by the following groups: benzo(a)pyrene in air
and snow; soot in air and benzo(a)pyrene and
PAHs sum in snow; suspended particles (dust)
in air and precipitates in snow. The calculation
of mid-winter concentrations of impurities
measured in the atmosphere was performed

over a period of mid-November to mid-March,
which approximately corresponds to the period
of  sustainable snowpack bedding in the city.

Analysis of  the experimental results was car-
ried out within the framework of linear correla-
tion dependences. On the vertical axis (Fig. 2), the
mean air winter-impurity concentration is pre-
sented, on the horizontal axis, the data for snow
samples. From the figure, one can see the linear
correlations between the concentrations of the
snow sample PAHs sum and mean air winter-
impurity concentration for Novosibirsk and Bar-
naul posts,  as well as for benzo(a)pyrene concen-
trations in both environments in Novosibirsk,
Tomsk for the winter seasons of 2009�2012.

Analysis of  Fig. 2 shows that the values of
the considered parameters from post to post
change quite consistently in large concentration
ranges for the both environments. In Novosi-
birsk, for example, the maximum value of the
compared impurity concentrations in atmosphere
and snow is achieved for the post No. 21; mini-

TABLE 1

PAHs content in the snow samples at Novosibirsk posts, ng/kg

PAHs Post No.

1 13 18 19 21 24 25 26 47 49 54

Benzo(a)pyrene 62 24 89 48 216 34 24 66 13 24 52

Phenanthrene 914 425 757 971 968 498 479 485 69 206 556

PAHs sum 2756 1252 3378 2672 4918 1601 1270 1927 325 815 3100

TABLE 2

PAHs content in the snow samples at Kemerovo posts, ng/kg

PAHs Post No.

1 2 8 10 17 19 20 26

Benzo(a)pyrene 77 174 43 167 81 16 39 15

Phenanthrene 545 741 1025 1150 769 164 663 142

PAHs sum 2000 3670 2700 5030 2830 582 2000 544

TABLE 3

PAHs content in the snow samples at Barnaul posts,  ng/kg

PAHs Post No.

1 3 6 13 18

Benzo(a)pyrene   181   127   188   128      65

Phenanthrene 2080 1350 1940   976   443

PAHs sum 7740 5220 6910 3760 1750

TABLE 4

PAHs content in the snow samples at Tomsk posts, ng/kg

PAHs Post No.

1 3 6 13 18

Benzo(a)pyrene 138     8.5     61.5     9.61     4.2   12.6

Phenanthrene 471 100   411   76.8 237 313

PAHs sum 2440 431 1910 306 729 780



ORGANIC CARBON AT THE CITY TERRITORIES 487

Fig. 2. Linear correlation dependences between the PAHs concentrations in samples of snow and soot air at PCMs of
Novosibirsk (a,  b) and Barnaul (c,  d),  benzo(a)pyrene in both environments at PCMs of  Novosibirsk (e) and Tomsk (f)
in the winter seasons of 2009�2012.

Fig. 3. Satellite image of Kemerovo dated March 26, 2006 (a); linear correlations between the shades of gray tones
and the PAH concentrations in snow samples for winter seasons: 2008/2009 (b), 2009/2010 (c), 2010/2011 (d).

mum is for the post No. 47. The last is in fact the
background post for the city because it locates
in the entrance to the dominating winter winds.
Note also that the extrapolation of the regres-
sion lines to the vertical axis of atmospheric

impurities in Fig. 2 passes statistically significant
above the origin of  coordinates. It can be as-
sumed that a certain part of PAH and soot in
air does not settle down on the snow. This as-
sumption requires further experimental studies.
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Analysis of satellite images

Artificial Earth satellite (AES) images ob-
tained in the panchromatic range (Landsat,
digitalglobe.com) were used in the work. As a
result of processing the image of Kemerovo
from March 26, 2006 consisting in the discreti-
zation of the scale of gray shades, the digital
image of city territories was obtained (Fig. 3, a).

This allowed distinguishing out the aureoles
of  dust precipitation of  impurities from pollu-
tion focuses of the city (by-product coke plant,
CHP,  major highways). The dominant impuri-
ties removal occurs in the north and northeast
directions from the sources [23].

The analysis of  Table 2 and Fig. 3 shows
that the values of pollution parameters from
the post to post change quite consistently in
large ranges of concentrations in snow and tone
grades of the city territory on the satellite im-
age. For example, the comparison of part of
the image with post No. 10 related to the in-
dustrial area, and the image fragment with
residential area (post No. 26) shows significant
contrast in shades of gray. The similar situa-
tion is for comparison the snow sample precip-
itate concentration at the posts.

The numerical processing of the results of
ground and satellite studies of snowpack con-
tamination of  Kemerovo was carried out in the
linear correlation analysis framework. Figure 3
shows the correlation dependences between
PAHs concentrations in snow samples and tones
of gray on the satellite image for the winter
season of 2009�2011 on PCMs of Kemerovo.
The vertical axis shows the intensity of the tone
near the post, the horizontal axis shows PAH
concentration (ng/L) in the snow sample also
taken near the post. The maximum values of
the tone and concentration of PAH in snow
are achieved for PCMs 1, 2, 17, minimum �
for PCMs 19, 26. It should be noted that PCM 1
is located in the city centre. Post No. 2 is locat-
ed relatively not far from the coke-chemical
plant and on the direction of the prevailing
removal of  contaminating impurities across the
Tom� River. In general, for all three winter
seasons, the level of agreement between the
measured PAHs concentrations in the melted
water and the data of  colour tonality on the
satellite image is quite satisfactory.

CONCLUSIONS

The results of conjugated research of con-
tamination of  air and snowpack at stationary
posts of Roshydromet in a number of major
cities of the south of West Siberia the South
and numerical analysis of  the observation data
allowed obtaining qualitative and quantitative
regularities between concentrations of soot,
benzo(a)pyrene and a sum of PAH in snow
and air. The results of these studies can be used
for the mutual control of the observation data
in snow and the down-to-earth air layer, sig-
nificantly complement the stationary observa-
tion network in the winter time.

The linear correlation analysis of  the ground
and satellite observation data of the prolonged
snowpack contamination has shown for the ter-
ritories of Kemerovo a fairly high level of
agreement. For considered winter seasons, there
is certain stability in the location and opera-
tional activity of  the main sources of  PAH
atmosphere emissions in the city. The study con-
ducted has shown the creation possibility of
mutually complementary monitoring systems
and obtaining based on them additional infor-
mation on the state of long-term snow cover
contamination of  the city.

The regularities obtained allow creating the
cost-effective monitoring system of OC and
receiving the detailed condition assessment of
the prolonged city atmospheric contamination
in the winter time. They can be used for iden-
tifying high pollution areas of the city territo-
ries and human health risk assessments, serv-
ing a basis for establishing regulatory criteria
(MPC) of  snow contamination.
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Àííîòàöèÿ

Ïðèâåäåíû ðåçóëüòàòû ñîïðÿæåííûõ èññëåäîâàíèé çàãðÿçíåíèÿ ñíåæíîãî ïîêðîâà è àòìîñôåðíîãî
âîçäóõà ïîëèàðîìàòè÷åñêèìè óãëåâîäîðîäàìè (ÏÀÓ) è ñàæåé â ðÿäå êðóïíûõ ãîðîäîâ þãà Çàïàäíîé Ñèáè-
ðè. Îòîáðàííûå íà ñòàöèîíàðíûõ ïóíêòàõ íàáëþäåíèÿ ïðîáû ñíåãà àíàëèçèðîâàëè ìåòîäîì õðîìàòî-ìàññ-
ñïåêòðîìåòðèè íà ñîäåðæàíèå ÏÀÓ. Ïîëó÷åííûå ðåçóëüòàòû ñîïîñòàâëåíû ñ äàííûìè Ðîñãèäðîìåòà ïî
ñàæå è áåíç(à)ïèðåíó â âîçäóõå. Óñòàíîâëåíû ëèíåéíûå êîððåëÿöèè ìåæäó êîíöåíòðàöèÿìè ðàññìàòðèâàå-
ìûõ ïðèìåñåé â ñîïðÿæåííûõ ñðåäàõ. Äàííûå íàçåìíîãî ìîíèòîðèíãà çàãðÿçíåíèÿ ñíåæíîãî ïîêðîâà ÏÀÓ
ñîïîñòàâëåíû ñ ðåçóëüòàòàìè îáðàáîòêè çèìíèõ êîñìîñíèìêîâ ïî òîíàì ñåðîãî öâåòà.
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