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We present some results of the study of biogenic atmospheric aerosols accumulated in the snow
cover near Novosibirsk in 2001. It was found that the total protein concentration in snow decreased as
the distance from the sources of both organic and inorganic aerosols increased. Such dependence was not
found for living microorganisms in the snow. The data on microorganism content in snow are presented as
well. Possible ways of deposition of aerosol particles containing protein and microorganisms onto the

snow cover are discussed.

Introduction

In our previous paper,! we demonstrated the
possibility of using snow cover samples for analysis of
the biogenic component of atmospheric aerosol in
Novosibirsk region. As a good accumulator of
atmospheric pollutants in winter, the snow cover was
earlier used to study pollution with polyaromatic
compounds, radionuclides, and heavy metals.2~6 Some
microbiological characteristics of the snow cover were
studied as well.7™9

In this paper, we assess in a more thorough way
the biogenic component of the atmospheric aerosol
within the framework of comprehensive ground-based
and high-altitude measurements.!0"14 The uniqueness of
the results obtained consists in the fact that other
methods can hardly estimate correctly the concentration
of aerosol emitted and reconstruct source characteristics
from it, because of discontinuous source operation,
stochastic character of aerosol spread in the
atmosphere, and difficulty of simultaneous sampling at
many points under the emission plumes. Unlike soil,
snow does not contain large amounts of biogenic
components, therefore it can be used to study the
biogenic component of atmospheric aerosol.

Materials and methods

Samples were taken both near and far from
powerful anthropogenic sources. A specialized sampler
took samples with the base area of 1 dm? for the whole
depth of the snow cover. Five samples taken within an
area of 1 m2 were then united into a single one. A
sample was melted under sterile conditions and divided
into several parts for analysis of total protein and
living microorganisms.
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The total protein content was analyzed in a
laboratory by one of the two methods: the Bradford
method, !> whose sensitivity was 0.1 ug,/ml and the
measurement error for the concentration did not exceed
30%, and the fluorescent method with a dye described
in Ref. 16; the sensitivity of the latter was about
0.01 pg/ml and the measurement error for the
concentration was less than 20%.

The following nutrient media were used to detect
living microorganisms in atmospheric aerosol samples:
LB agarized full and depleted (1:10 dilution) medium;
starch-ammoniac medium to reveal actinomycete; soil
agar, Saburo (pH 5.4) and Chapek (pH 6.5) media to
reveal lower fungi and yeasts. The studied samples were
sowed on a Petri dish with nutrient media (whenever
needed, sequential dilutions of samples were prepared)
and incubated in a thermostat for up to 14 days.
Morphological peculiarities of detected microorganisms
were analyzed visually and with the use of optical
microscopy. For this purpose, we prepared fixed Gram-
stained cell specimens and supravital cell suspension
specimens observed by the method of phase contrast.
Found microorganisms were identified accurate to
genus.!7,18 In our classification, the group called “non-
spore-forming bacteria” included various
microorganisms not forming endospores: Gram-variable
and Gram-positive coccus bacilli, various non-spore-
forming bacilli stainable Gram-negatively (among
them, pseudomonases, intestinal bacteria, etc.). This
conditional group also included bacteria, whose cells
had an irregular shape, for example, mycobacteria,
nocardin. Some extra tests were conducted as well.17:18

The amount of living microorganisms in samples was
calculated by the standard methods,! and the amount
was averaged over 2 to 3 parallels of samples scattered
over 4 to 5 different media.
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To assess the long-term pollution of a territory by
a local source from the observations, the regression
dependence proposed in Refs. 20 and 21 and attested in
Ref. 1 was used. This approach allows assessment of
characteristics of local pollution sources.

Results and discussion

Snow samples collected late in February of 2001
from regions adjacent to the Berdsk Chemical Plant
(BCP) and Novosibirsk Electrode-Making Plant
(NEMP) were analyzed by the methods described in the
previous section. It was found that the total protein
concentration in snow obeys a certain law, as a
function of distance from an aerosol source. At the same
time, no similar dependence on the distance was found
for living microorganisms (Figs. 1 and 2). It should be
noted that high value of the total protein concentration
in Fig. 1 at the distance of 500 m from the source may
be caused by foreign biological pollution. The
regression models describing the observed dependences
were constructed in accordance with the method
described in Refs. 1, 20, and 21. This dependence for
the BCP is shown in Fig. 3. For the NEMP we failed
to construct an adequate model.
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Fig. 1. Concentrations of total protein and microorganisms in
snow cover in 2001 as functions of the distance to BCP
smokestack.
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Fig. 2. Concentrations of total protein and microorganisms in
snow cover in 2001 as functions of the distance to NEMP
smokestack.
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Fig. 3. Experimental and calculated data on the protein

content in snow cover as a function of the distance to the BCP

smokestack. Reference points used for estimation of the
regression function are shown on the calculated curve.

Let us compare the estimates of the total protein
emission from the BCP in winter 2000 /01 with the data
obtained for the BCP in 2000 and for the Novosibirsk
Capacitor-Making Plant (NCMP). As follows from the
data in Table 1, the emission rates and the size
spectrum of aerosol from the BCP are similar. At the
same time, according to our data, the NCMP is not a
source of protein. However, the protein concentration
in the snow cover near the NCMP is also described by
the dependence similar to that shown in Fig. 3 of
Ref. 1. Considerable part of protein coming to snow
from the atmosphere is likely scavenged from the
atmosphere by coarse aerosol particles, rather than
directly coming from anthropogenic sources. This
assumption is also confirmed by the fact that the total
protein concentration observed in the atmosphere in
winter period is rather high, and the presence of protein
in our region is mostly caused by very distant powerful
sources. 11713

Table 1. Estimated regression parameters and total protein

emissions
Source, Estimated parameters |Total emission, kg
year 64 | 0,
BCP, 2001 2.22 -2.62 16.2
BCP, 2000 1.06 —-3.68 24.7
NCMP, 2000 0.73 -5.84 15.4

Note. The data for 2000 are borrowed from Ref. 1.
The parameter 64 is proportional to the emission rate and
depends, rather in a complex way, on the climatic
characteristics of wind velocity, turbulent exchange
coefficients, source height, and the aerosol deposition rate. The
parameter 0, depends on the aerosol deposition rate,
coefficient of vertical turbulent diffusion at the height of 1 m,
and the exponent in approximation of the horizontal
component of wind velocity by a power-law function.

As was noted above (see Figs. 1 and 2), although
it was shown that the total protein concentration
depends on the distance from the possible pollution
source, we failed to find similar dependence for the
concentration of living microorganisms in snow. This
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fact indicates that sources of microorganisms and total
protein are independent in our case and have different
origin. Besides, the hypothesis of scavenging of the
aerosol containing total protein suggests the following
conclusion: the living microorganisms found and a large
fraction of total protein is brought by particles of
different size. It is mnatural that large particles
containing atmospheric microorganisms22 almost do not
interact with coarse particles of anthropogenic
emissions, while smaller particles containing total
protein are scavenged from the atmosphere by coarse
particles of aerosol emissions, thus forming snow
depositions, which are described by models of emissions
from sources with the characteristic particle size about
one micron diameter. Besides, some snow particles may
directly contain microorganisms, because they, as
known,23"25 may serve as nucleation centers for a new
phase, which then forms snowflakes.

Let us consider now the results on the biodiversity
of microorganisms in the snow cover. As follows from
Table 2, the fractions of different kinds of
microorganisms differ even at neighboring points,
although this difference is not so pronounced as that at
neighboring heights in the atmosphere (see Ref. 14).
This situation is rather expectable, because the snow
cover, accumulating deposited particles and keeping
them for the whole winter, makes natural integration of
existing time variations of the diversity of atmospheric
microorganisms. It should also be noted that the data
obtained on the concentration and fraction of
microorganisms in snow cover samples agree with those
for other regions.”926

Table 2. Percentage of microorganisms in snow samples

. Non-
Sampling Distance - .| spore- .| Actino-
. to the |Bacilli| Cocci . Fungi
site, year forming mycetes
source, m .
bacteria
BCP, 250 28.76 47.32  21.34  2.58 -
2000 300 2.27 81.82 6.82 9.09 -
350 - 54.05  27.03 18.92 -
400 2.55 7398 10.20 13.27 -
450 - 4091  47.73 11.36 -
500 2.22  64.44 14.44 18.90 -
550 19.69 59.08 17.90 3.33 -
600 18.33 10.18 71.27 0.22 -
650 3.50 - 92.82 3.68 -
BCP, 200 30.55 30.55 34.36 4.54 -
2001 260 39.72 1.87 29.44  28.97 -

320 38.98 20.34 23.73 16.95 -
380 12.27 44.61  24.16 18.96 -
440 3.01 5110 31.66 14.23 -
500 - 48.58  48.58  2.84 -
560 1.71 3293 28.66 36.70 -
620 2.01  3.90 91.61  2.48 -

NCMP, 750 4.51 6635 10.53 18.61 -
2001 900 17.58 46.15 13.19 2198 1.10

1200 1.59  3.58 94.16  0.67 -

1600 3.88  3.11 92.52  0.49 -

3200 091 14.61 7614 8.34 -
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Thus, the study of the snow cover yields the very
important information about the biogenic component of
atmospheric aerosol and its possible local and remote
sources in our region.
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