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Abstract

The qualitative and quantitative composition of 13 polycyclic aromatic hydrocarbons (PAHs) in samples
of snow waters on the territory of Novokuznetsk city and the Novokuznetsk district experiencing the
maximum load on the environment from the activity of the enterprise of ferrous metallurgy was deter-
mined. The distribution of PAHs between the solid and liquid phases of snow water was studied by the
method of high performance liquid chromatography (HPLC). It was shown that from 81.2 to 99.5 % of the
total content of PAH was present in the solid phase of snow water. The concentration of benzo(a)pyrene
amounts the value from 0.092 to 0.748 ug/dm?®. It was established by the laser granulometry method that 90
% of particles of solid atmospheric aerosol in the snowpack were represented by particles, the sizes of
which do not exceed 51.0 pim. Samples of snow waters are mainly characterized by the bimodal distribution
of nanoparticles by sizes, the bulk of particles (up to 93 %) have the size of 400—600 nm, 7—9 % falls on
the proportion of nanoparticles with the sizes of 44—86 nm.

Key words: snowpack, polycyclic aromatic hydrocarbons (PAHs), distribution of particles by sizes, high
performance liquid chromatography (HPLC), laser granulometry, method of dynamic light scattering

INTRODUCTION sions of contaminants into the atmosphere of
Novokuznetsk, and experiences the maximum
load on the environment [1].

According to the observations data of FSBI

Novokuznetsk city is one of the biggest in-
dustrial centres of Russian Federation. Enter-

prises of ferrous and non-ferrous metallurgy,
coal-mining industry; heat and power genera-
tion, located within the city boundaries exert
a significant impact on contamination of the
environment objects. The major substances con-
taminating the atmosphere are carbon dioxide,
sulphur dioxide, nitrogen oxides, suspended
substances, soot and benzo(a)pyrene. Zavodskoy
district of the city, on the territory of which
27 enterprises are located, including the big-
gest enterprise of the ferrous metallurgy Evraz
ZSMK JSC, affected by 76.6 % of all emis-

“Voeikov Main Geophysical Observatory”, the
condition of the atmospheric air contamination
in Novokuznetsk is assessed as “very high” in
2014 and “high” in 2015, in which, the priori-
ty contaminant is benzo(a)pyrene, the average
annual concentration of which in 2015 amount-
ed to 4.6 MPC [2].

The major sources of emissions of
benzo(a)pyrene in the atmosphere of the city
are coke and by-product process at the Evraz
ZSMK JSC, aluminium production at the RUSAL
Novokuznetsk Aluminium Smelter OJSC, coal
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combustion at power stations, local boilers, pri-
vate house ovens, and auto transport.
Benzo(a)pyrene is the most dangerous cancero-
genic representative of the class polycyclic ar-
omatic hydrocarbons (PAHs), its maximum per-
missible concentration (MPC) in atmospheric air
in Russia is equal (0.001 pg/m?) [3], water
(0.00010 mg/dm?®) [4—6], soil (0.020 mg/kg) [7].
The availability of numerous sources of PAHs
causes the need of the constant control of com-
pounds of this class in environment objects [8,
9]. The determination of PAH in the snow-
pack allows obtaining the information about the
anthropogenic load degree on the territory and
revealing the sources of the environment con-
tamination by compounds of this class [10—13].
The complex assessment of the contamination
degree of the snow waters also suggests con-
ducting investigations on the study of the qual-
itative and quantitative composition of toxic
elements [14, 15] and determining the granulo-
metric composition of suspended particles [16].

The control system of the snowpack is a part
of the total monitoring system of transbound-
ary and long-range transport of contaminants
[17]. Precipitates represent the effective factor
of washing out various substances from air,
which may lead to the change of the chemical
composition of soils, rivers and water bodies [18].

Previously we determined [19] the qualita-
tive and quantitative composition of 13 PAHs
in snow waters sampled in the area of meteo-
rological observation stations in Novokuznetsk.
It was shown that the concentration of
benzo(a)pyrene in snow waters ranged from
0.025 to 0.723 pg/dm? which exceeded MPC in
surface waters (0.010 pg/dm?) in 2.5—72.3 times.
The content of other PAHs benzo(b)fluoran-
thene, benzo(g,h,i)perylene) is comparable in
order of magnitude with the concentration of
benzo(a)pyrene. Suspended substances in the
snowpack are represented by particles, the di-
mensions of which do not exceed 35.5 um (90 %).
The fraction of particles with a size of 2.5 um
and less amounts to 7.39 %, 10 pm and less —
38.46 %.

The issues of the interrelationship of dis-
tribution of particles by sizes in atmospheric
air of the megalopolis and content in them of
PAHs were considered in the work [20]. The
authors showed that PAHs were adsorbed on

the particles that had the bimodal distribution
by sizes with the maxima in the ranges of 04—
2.1 mm and 3.3—9.0 mm. In the work [21], when
studying the atmospheric air contamination near
the highway it was shown that the distribution
of PAHs on dust particles of a certain size de-
pended on the molecular mass of PAH. The au-
thors explain this dependence by the Kelvin ef-
fect that binds the particles diameter and vapour
pressure of the substance, at which more volatile
PAHs with a smaller molecular mass are bound
with particles of a larger size.

Nanoparticles of contaminations, situated
in the environment (in atmospheric air, water
objects, soil etc.) represent risk for health when
they enter the human body. Carbon nanoma-
terials (nanotubes, fullerenes, black carbon),
metals particles, oxide nanoparticles, silicates
and aluminosilicates nanoparticles, organic
polymers nanoparticles etc. [22] belong to the
priority nanomaterials that are necessary to de-
termine. For some nanomaterials (titanium di-
oxide, silver, carbon nanotubes nanoparticles),
the hygienic standards of their content in the
environment objects were established [23]. The
technique of identification of nanoparticles in
natural, ground water and wastewaters by the
transmission electron microscopy (TEM) meth-
od is given in the methodological recommenda-
tions [24]. This method allows obtaining the in-
formation about the shape, structure and size
of nanoparticles in the examined water sam-
ples, the data on the aggregation degree of the
nanoparticles, information about the character
of the nanoparticles distribution in the samples,
electron microscopic images of particles in wa-
ter. Another method of determining nanoparti-
cles sizes is the method of dynamic light scat-
tering. In the work [25], a possibilities compari-
son of the evaluation of the nanoparticles size
by dynamic light scattering (DLS) and TEM was
conducted. The convergence of results obtained
by different methods was shown.

In this work, to study the granulometric
composition of atmospheric aerosol particles in
samples of snow waters sampled in the Zavod-
skoy district of Novokuznetsk and the Novokuz-
netsk district, methods of laser granulometry
and DLS were used. The distribution of PAHs
in the solid and liquid phases of snow waters
was studied by the method of HPLC.
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Repeatability (in %) of the wind
direction and calm

Fig. 1. Map chart of the location of the sampling points of the snowpack in Novokuznetsk and the Novokuznetsk district.
The thick line indicates the location district of the industrial area.

EXPERIMENTAL

Snow samples were collected in the Zavod-
skoy district of Novokuznetsk and Novokuznetsk
district, the scheme of the points location is given
in Fig. 1. These points are located on the border
of the sanitary-protective zone of the north in-

TABLE 1

dustrial hub and are experience different degrees
of the anthropogenic load on the territory (Ta-
ble 1). As the reference point, a site located on
the south of the Kemerovo Region (Mezhdure-
chensk district, territory of the State Nature
Reserve Kuznetskiy Alatau) was accepted, ex-
periencing the minimum anthropogenic impact.

Description of sampling points of the snow cores on the territory of Novokuznetsk and the Novokuznetsk district

Sampling  Location of sampling points Location of the point Additional influence
Nos. of snow samples relatively to the industrial zone* factors
Reference Mezhdurechensk district, territory
of the State Nature Reserve Kuznetskiy
Alatau - -
1 Novokuznetsk district, Leeward Emissions from the coal
Shorokhovo settlement (western outskirt) combustion in private
house furnaces
2 The same, eastern outskirt Leeward The same
3 The same, Mokrousovo village Leeward The same
4 The same, Bolshevik village Leeward The same
5 Novokuznetsk city, Ul. Goluboy Log Windward The same
6 The same, Ul Chernaya Rechka Windward The same
7 The same, Ul Avtotransportnaya Windward Emissions of auto

transport

*According to the wind rose in Novokuznetsk.
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The snow samples collection was conducted
simultaneously during the period of the maxi-
mum moisture content (early in March, 2016)
immediately before the start of snowmelt. Snow
samples were cut in the form of cores on the
full depth of the snowpack, placed in plastic
bags and brought to the laboratory. Then snow
samples were transferred to glass containers,
where they melted at room temperature. When
determining PAHs snow waters were filtered
through a filter “blue ribbon” for the further
study of precipitates (solid phase) and filtrates
(liguid phase). To determine the granulomet-
ric composition of solid particles of aerosol,
snow water was subjected to settling, the pre-
cipitate was analyzed by the laser granulom-
etry method, and the supernatant liquid — by
DLS method.

To extract PAHs from the liquid phase the
method of double liquid extraction was applied.
The liquid phase (1 dm?) was transferred to a
separatory funnel with a volume of 2 dm?,
40 mL of hexane was added, and extraction was
carried out using an extractor EL-1 (Labtekh,
Russia) with a rate of 1500 rpm/min for 20 min.
After the phase separation, the lower layer was
transferred to a conical flask, and the upper layer
(extract) — in a measuring cup with a volume
of 100 mL. The extracts were combined, dried,
passing through a layer of anhydrous sodium
sulphate. The extract was evaporated under a
stream of argon to a solvent volume of 1 mlL,
then 1 mL of acetonitrile was added and the
upper layer of hexane was evaporated.

To extract PAHs from the solid phase filters
with precipitates were placed into measuring
cups with a volume of 100 and 20 mL of hex-
ane was poured. Samples were placed in an ul-
trasonic bath for 10 min, after which the sol-
vent was decanted, passed through a filter with
a layer of the desiccant. The extracts were com-
bined, evaporated and the solvent was replaced
by acetonitrile up to the final volume of 1 mL.

The qualitative and quantitative determina-
tion of PAHs in snow water was implemented
by HPLC on a device LC-20AD Prominence
(Shimadzu, Japan), consisting of the follow-
ing units: gradient high-pressure pump of the
series LC-20AD (mixing system up to four sol-
vents), autosampler SIL-20A (with the possi-
bility of varying the volume of the introduced

sample from 0.4 up to 100 pL), flow-line mo-
bile phase degasser DGU-20A,, thermostat of
columns CTO-10FSvp, fluorescence detector
RF-20A, spectrophotometric diode matrix de-
tector SPD-V20A, chromatographic column
with the dimensions of 250 X 4.0 mm, filled with
the sorbent MZ-PAH C18 5 pm grained (MZ-
analytical, Germany).

As the eluents, the first sort acetonitrile (SPC
Cryochrom Co. Ltd., St. Petersburg, Russia) and
bidistilled water were used. Chromatographing
was conducted in the gradient mode: acetoni-
trile/water from 70:30 to 100:0 for 12 min,
100 % of acetonitrile with the 12th to 25th min
of analysis. The solvent consumption was
0.8 pL/min. The sample injection into the col-
umn was carried out automatically; the volume
of the injected sample was 20 mL. The ther-
mostating temperature of the column was 40 °C.
Detecting was carried out in the following
modes: detector on the diode matrix: spectra
were removed in the range of 190—400 nm, at
quantitative determination the signal was reg-
istered at 254 nm; fluorescence detector: pro-
gramming on the maxima of excitation and
emitting for each compound [26].

Identification of PAHs was carried out by the
library search with the help of software PostRun.
The library contains spectral parameters, the
absolute retention times of priority representa-
tives of PAHs. All PAHs have characteristic UV
spectra, by which with a big fraction of proba-
bility one can identify compounds. The simulta-
neous use of two detectors in the analysis of
samples of the unknown composition eliminates
errors of the substance identification and quan-
titative calculation of their concentration.

The primary and working calibration solutions
of analytes in acetonitrile were prepared from
standard samples of the enterprise SOP 0101-
03-0117-03 (Ekokhim Co. Ltd., St. Petersburg). The
determination was carried out using the follow-
ing standard substances of PAHs: naphthalene,
fluorene, phenanthrene, anthracene, fluoran-
thene, pyrene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, dibenzo(a,h)anthracene,
benzo(g,h,i)perylene.

The distribution of microparticles by sizes
was determined on an ANALYSETTE 22 Mi-
croTec plus analyzer (FRITSCH, Germany),
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which allows carrying out measurements in the
range of 0.08—2000 pm. Dispergating of the
material was carried in a liquid medium (water)
with the additive of a surfactant. When disper-
gating in the liquid medium, the sample mate-
rial was introduced into a closed liquid circula-
tion contour, after this continuously pumped
through a measuring cell. During pumping in the
measuring contour, ultrasound was integrated
for the destruction of agglomerates and prepa-
ration of individual, separated particles. The
measurement results were processed in the MaS-
control software and presented as differential and
integral distribution of particles by sizes.

The size of nanoparticles was determined
by an analyzer Zetasizer Nano ZS (Malvern
Instruments, England) using technologies of
registering backscatter. The operating princi-
ple of the analyzer is based on the use of the
method of DLS that allows determining the
diffusion coefficient of dispersed particles in a
liquid by the analysis of the correlation func-
tion of intensity fluctuations of scattered light.
Further from the diffusion coefficient, the
nanoparticles diameter was calculated. The par-
ticle size value (average hydrodynamic diame-
ter, Dy) was calculated from the analysis of
cumulants in accordance with the Internation-
al Standard for the method of DLS ISO 13321
[27]. The method allows determining the size
of nanoparticles in the range of 0.5 nm to

TABLE 2

Concentrations of PAHs in the solid phase of snow waters

513

10 pm. A helium-neon laser with the power of
4 mW operating at a wavelength of 633 nm is
used in the analyzer.

Before the nanoparticles measurement, the
device was checked according to the latex colloi-
dal system (60 nm). A sample of snow water of
a volume of 1.5 pL was selected with a dispos-
able syringe and transferred into a disposable
polystyrene cuvette for measurements, hermeti-
cally closed and placed into the cuvette compart-
ment of the analyzer. Before measurements, the
sample was thermostated at 20 °C for 30 min. To
control the results repeatability on each sample,
at least, six parallel dimensions were performed,
each of which consisted of 20 scans by 10 sec-
onds. The particles distribution by size represents
fractions of intensities of the scattered light that
belongs to various classes of nanoparticles sizes.
The distribution by sizes in the intensity units was
obtained from the analysis of correlation func-
tions using the algorithm of the Multi Narrow
Modes of the analyzer software.

RESULTS AND DISCUSSION

The determination results of PAHs in the solid
and liquid phases of snow waters are given in Ta-
bles 2—4. At the reference point (Mezhdurechensk
district, the territory of the State Nature Reserve
Kuznetskiy Alatau) PAHs were not detected.

PAHs Test results of the solid phase, pug/dm?®

Background No.1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7
Naphthalene <0.020 0.550 1.469 3.901 2.53 6.495 1.810 1.385
Fluorene <0.006 0.150 0.338 0.638 0.330 1.497 0.113 0.550
Phenanthrene <0.006 1585 1518 4534 2.848 9.659 2.127 4378
Anthracene <0.001 0.103 0.098 0.425 0.271 0.839 0.158 0.224
Fluoranthene <0.006 0.687 0.557 3.545 2,510 6.364 2.768 2.271
Pyrene <0.020 0.595 0.522 2.202 1599 4120 1.757 1505
Benzo(a)anthracene <0.006 0.073 0.052 0.220 0.191 0.442 0.516 0.274
Chrysene <0.003 0.254 0.256 0.949 0.769 1.828 1.877 1174
Benzo(b)fluoranthene <0.006 0.161 0.162 0.488 0.440 1.062 1.416 0.756
Benzo(k)fluoranthene <0.001 0.031 0.027 0.010 0.010 0.235 0.030 0.183
Benzo(a)pyrene <0.001 0.092 0.089 0.269 0.294 0.579 0.745 0.403
Dibenzo(a,h)anthracene  <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
Benzo(g,h,i)perylene <0.006 0.095 0.114 0.246 0.256 0.549 0.932 0.451
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TABLE 3

Concentrations of PAHs in the liquid phase of snow waters

3

PAHs Test results of the liquid phase, pg/dm

Background No.1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7
Naphthalene <0.020 0.512 0.371 0.399 0.562 1.337 0473 0.449
Fluorene <0.006 0416 0.240 0.422 <0.006 0.273 0.222 0.158
Phenanthrene <0.006 0.007 0.045 0.112 0.076 0.084 0.083 0.106
Anthracene <0.001 0.014 0.009 0.018 0.020 0.024 0.021 0.022
Fluoranthene <0.006 0.008 <0.006 0.009 0.009 0.018 0.055 0.009
Pyrene <0.020 <0.020 <0.020 <0.020 0.040 0.047 0.065 0.044
Benzo(a)anthracene <0.006 0.011 <0.006 0.049 0.007 <0.006 0.014 0.010
Chrysene <0.003 <0.003 <0.003 <0.003 0.007 0.011 0.011 0.007
Benzo(b)fluoranthene <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
Benzo(k)fluoranthene <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Benzo(a)pyrene <0.001 0.003 0.003 0.004 0.003 0.003 0.003 0.003
Dibenzo(a,h)anthracene  <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
Benzo(g,h,i)perylene <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006

The maximum content of cancerogenic and
toxic PAHs was found in the sample selected
in point No. 5 (Novokuznetsk, Ul. Goluboy Log),
despite the fact that this point is located from
the windward side from the industrial zone. Pe-
culiarities of the terrain relief at the given point
contribute to weak scattering of emissions of
private house furnaces. This fact reflects the

of PAHs emissions from the industrial zone of
the metallurgical enterprise taking into account
additional emission sources. The largest content
of pollutants in this point is noted for the both
analyzed phases: in what connection, concen-
trations in the solid phase are in 35—350 times
higher than in the liquid phase for anthracene,
phenanthrene, fluoranthene, pyrene, chrysene,

entire complexity of the influence assessment benzo(a)pyrene. Benzo(b)fluoranthene,
TABLE 4
Total content of PAHs in snow waters
PAHs Test results, pg/dm?®

Background No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7
Naphthalene <0.020 1.062 1.840 4.300 3.092 7.832 2.283 1.834
Fluorene <0.006 0.566 0.578 1.060 0.330 1.770 0.335 0.708
Phenanthrene <0.006 1.592 1.563 4.646 2.924 9.743 2.293 4484
Anthracene <0.001 0.117 0.107 0.443 0.291 0.887 0.179 0.246
Fluoranthene <0.006 0.695 0.557 3.554 2519 6.382 2.823 2.280
Pyrene <0.020 0.604 0.537 2.202 1.639 4.167 1.822 1.549
Benzo(a)anthracene <0.006 0.084 0.052 0.269 0.198 0.442 0.530 0.284
Chrysene <0.003 0.284 0.256 0.949 0.776 1.839 1.888 1.181
Benzo(b)fluoranthene <0.006 0.161 0.162 0.488 0.440 1.062 1416 0.756
Benzo(k)fluoranthene <0.001 0.031 0.027 0.010 0.010 0.235 0.030 0.183
Benzo(a)pyrene <0.001 0.095 0.092 0.273 0.297 0.582 0.748 0.406
Dibenzo(a,h)anthracene  <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
Benzo(g,h,i)perylene <0.006 0.095 0.114 0.246 0.256 0.549 0.932 0.451
Total content of PAHs — 5.386 5.885 18.440 12.772 35.494 15.284 14.364
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benzo(k)fluoranthene, dibenzo(a,h)anthracene
and benzo(g,h,i)perylene in the liquid phase are
contained in concentrations below the detection
limit on the method.

The minor content of the analytes in the
liquid phase is explained by their low solubility
in water that decreases with increasing the
number of condensed rings of the PAHs
molecule. In this regard, the highest values were
recorded for binuclear naphthalene and
trinuclear fluorene (their content is in the range
of 39.4—-77.6 % and 152—-424 9% from the sum
of all PAHs in the liquid phase, respectively).
At the analysis of the ratio of individual PAHs
in the solid and liquid phases of snow waters
the following regularities were revealed: 5,6-
nuclear compounds to a greater extent become
apparent in the solid phase (about 60—80 % of
the total concentration), which is due to their
low solubility in water.

An analogous distribution of PAHs in the
snowpack was obtained also for the samples se-
lected in other points. According to the investiga-
tion results, it was established that the majority
of the examined PAHs had a high concentration
in samples of the solid phase, except for naph-
thalene and fluorene, which is due to the differ-
ent solubility of these compounds in water.

The distribution of the total content of poly-
cyclic aromatic hydrocarbons between the solid
and liquid phases of snow waters is represented
in Fig. 2. The prevailing values of analytes were
found for the solid phase (81.2—99.5 % from the
total concentration), the largest contribution to
which is made by naphthalene (0.550—6.495 pg/
dm?), phenanthrene (1.518-9.659 pg/dm?), fluo-
ranthene (0.557—6.364 pug/dm?), pyrene (0.522—
4.120 ug/dm?), chrysene (0.161—1.877 pg/dm?).

The largest concentrations of PAHs in snow
water (see Table 4) were obtained for naphtha-
lene (1.062—7.832 ug/de), phenanthrene (1.563—
9.743 pg/dm?), fluoranthene (0.557—6.382 pg/
dm?), pyrene (0.537—4.167 ug/dm?), and chry-
sene (0.256—1.688 pg/dm?). These hydrocarbons
are prevailing components of systems emissions
associated with pyrolysis of organic substances.
The concentration of benzo(a)pyrene amounts
the value from 0.092 to 0.748 pg/dm?.

In Russia, out of all the analyzed substanc-
es, MPCs in surface waters were established
for benzo(a)pyrene (0.010 pg/dm?®) and naph-
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Fig. 2. Distribution of the total content of PAHs between
the solid and liquid phases of snow waters.

thalene (4 ug/dm?). The concentration of
benzo(a)pyrene in snow waters ranges from
0.092 to 0.748 pg/dm?, which exceeds the MPCs
in surface waters in 9.2—74.8 times (Table 5). The
content of other PAHs (benzo[b]fluoranthene,
benzo(g,h,i)perylene) is comparable in order of
magnitude with the concentration of
benzo(a)pyrene. It is obvious, that normalizing
the content of only benzo(a)pyrene does not
reflect the real cancerogenity of samples. The
total content of naphthalene exceeds the MPC
in points No. 3 (1.08 times) and 5 (1.96 times).
It should be noted that in the flood period a
substantial amount of PAHs with melt waters
enters into the sources of drinking water sup-
ply and deep soil layers, while solid particles
adsorbed in themselves a part of PAH remain
on the surface (upper soil layers). Thus, know-
ing in what proportion concentrations of pol-

TABLE 5

Total content of benzo(a)pyrene in the solid and liquid
phases of snow waters

Sampling Content Repetition factor
points of benzo(a)pyrene, of exceeding
numbers ug/dm? the MPC, times
Background <0.001 Does not exceed
1 0.095 9.5

2 0.092 9.2

3 0.273 27.3

4 0.297 29.7

5 0.582 58.2

6 0.748 74.8

7 0.406 40.6
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lutants are distributed between the solid and lig-
uid phases, one can prognosticate and assess the
pollution possibility of environmental objects.

The results obtained by us about the PAHs
distribution, preferentially on solid particles of
snow aerosol condition the necessity of carry-
ing out investigations of the granulometric com-
position of micro- and nanoparticles. These data
are important for both optimizing analytical
procedures of the sample preparation (selec-
tion of filtering systems etc.), and for sanitary
and hygienic assessments.

The distribution of microparticles by sizes in
samples of snow waters for all the studied points
is characterized by close values. A typical parti-
cles distribution by sizes is shown in Fig. 3. The
size of suspended particles in snow waters sam-
ples ranges from 0.08 um to 100 pm. The bulk
of the solid phase of snow water is formed by
the particles with the sizes up to 18.70 pm (50 %)
and to 51.0 pm (90 %) (Table 6). The particles up
to 2.5 pm amount to the maximum of 4.75 %,
up to 10.0 pm — 33.56 % (Table 7).

Thus, it was shown by us that the solid part of
the atmospheric aerosol of snow waters was rep-
resented on one-third by particles with the size of
less than 10 pm that contain on their surface ad-
sorbed carcinogenic PAHs. For suspended particles
in atmospheric air with the sizes of 2.5 and 10 pm,
maximally one-time, mean daily, and annual av-
erage MPCs were established [3]. In Novokuznetsk,
monitoring aerosol particles of this size in atmo-
spheric air is not conducted, whereas the data ob-
tained point out to their significant content in the
total amount of suspended particles. This should
serve as the basis for the inclusion of granulomet-
ric analysis of suspended impurities in the list of
mandatory indexes for monitoring pollution of ob-
jects of the environment of Novokuznetsk.

TABLE 6

Distribution of particles by sizes in the solid phase
of snow samples
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Fig. 3. Integral (1) and differential (2) particles distribution
curves by sizes in the sample of snow waters (point No. 4).

The distribution of nanoparticles by sizes
(in intensity units) in solid aerosol of snow wa-
ters is represented in Table 8. A typical distri-
bution curve is given in Fig. 4. Samples Nos. 1—4,
6 are characterized by the bimodal distribution
of particles by sizes, the major fraction of
nanoparticles (up to 93 %) has the size of 400—
600 nm, 7—-9 9% falls on the fraction of parti-
cles with the sizes of 44—86 nm. When study-
ing the granulometric composition of nanopar-
ticles in the snowpack in the influence zone of
metallurgical enterprises close values were re-
ceived by the authors [28] and it was shown
that the particles had the polydisperse compo-
sition with the average values in the range from
290.5 to 620.5 nm.

Sample No. 5 has the monomodal distribu-
tion with a peak of the basic mode at 491 nm.
Sample No. 7 contains larger particles with a
peak of the basic mode at 842 nm and peak of
the second mode at 249 nm (Fig. 5). This sam-

TABLE 7

Distribution of particles with sizes less than 2.5 and 10.0 pm
in solid phase of snow samples

Q3(x), % Particles sizes in the respective sampling points
of the snow samples, pm

Particles Content of particles in sampling points
size, ym of snow samples, %

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.1 No.2 No.3 No.4 No.5 No.6 No.7
10.00 5.10 5.30 600 460 510 530 5.80 <25 4.03 4.50 377 475 316 352 381
50.00 1510 1540 1840 14.19 1750 16.30 18.70 <10.0 2594 2959 2491 3356 2855 24.88 26.52
90.00 33.00 3530 51.00 36.00 46.00 36.30 46.90
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TABLE 8

Distribution of nanoparticle by sizes as fractions
from the total intensity of the scattered light that belong
to appropriate sizes of particles in samples of snow waters

Samples Peak position Proportion of intensity

No. of distribution mode, nm characterizing mode peak
1 452 0.92
62 0.08
2 401 0.91
60 0.09
3 501 0.93
44 0.07
4 596 0.92
86 0.08
5 491 1
6 424 0.92
61 0.08
7 842 0.61
249 0.39

pling point is characterized by the proximity
of the motorway with a heavy traffic.

The results obtained when studying the dis-
tribution of nanoparticles in snow aerosol allow
suggesting that the PAH content in the liquid
phase of snow water is conditioned by their par-
tial sorption on the surface of nanoparticles.

CONCLUSION

The qualitative and quantitative composition
of 13 PAHs in snow waters sampled in No-
vokuznetsk and Novokuznetsk district experi-
encing the largest load on the environment from
ferrous metallurgy enterprises was determined.
In the composition of PAHs in the snowpack
3,4-nuclear compounds — pyrene, chrysene,
phenanthrene, fluoranthene — prevail. The con-
centration of benzo(a)pyrene in snow waters
ranges from 0.092 to 0.748 ug/dm?, which ex-
ceeds the MPC in surface waters (0.010 pg/dm?)
in 9.2—74.8 times.

The maximum total concentration of 13
PAHs (35.494 pug/dm?®) was determined in the
point located from the windward side relatively
to the industrial zone, however, experiencing
an additional load on the environment in the
form of emissions of private house furnaces.
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Fig. 4. Bimodal particle distribution with peaks of mode
at 62 and 452 nm in intensity units (sample No. 2).
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Fig. 5. Bimodal particle distribution with peaks of mode
at 249 and 842 nm (sample No. 7).

The solid phase of the snowpack is repre-
sented by microparticles, sizes of which do not
exceed 51.0 pm (90 %). The fraction of parti-
cles with the size of 2.5 pm and less amounts
to 4.75 9%, 10 pm and less — 33.56 %.

The nanoparticles distribution by sizes in
snow waters is mainly bimodal, the major frac-
tion of nanoparticles (up to 93 %) has the size
of 400—600 nm, 7—9 % falls on the fraction of
particles with the sizes of 44—86 nm.
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AnHOTanus

OrmpenesileH KadeCTBEHHBI M KOJIMYECTBEHHBIN COCTaB 13 MOJMMIMKINYECKUX apOMAaTUYECKUX YTIEBOZOPO-
noB (ITAY) B mpobax cHeroBnIX BOJ Ha Teppuropmun HookysHernka n HOBOKY3HEIIKOro pajioHa, UCIBITHIBAIO-
IIIeT0 MaKCUMAJIbHYIO Harpy3Ky Ha OKPYSKaIOIIyI0 CPeNy OT NeATeJbHOCTV IPeAIPUATUA YePHOV MeTaJlIypPIrum.
Jlzydeno pacnpenesnenue IIAY MerxIy TBepAON M *KMAKOI (padaMy CHETOBOJ BOABI METOJIOM BBICOKOD((MEKTIB-
HOV SKMAKOCTHOM xpomartorpacun. Iloxasano, uro 81.2—99.5 % cymmapHoro comepsxkanua IIAY HaxomATca B
TBepmoit pase cHerosoit Boxbl Konuentpamma Gens(a)mipena sapoupyer ot 0.092 mo 0.748 mkr/mm’. Metomom
JIa3epHOI TPaHyJIOMETPUM ycTaHOBJIEeHO, uTO 90 Y wacTmil TBEPZOro aTMOCHEPHOr0 adspo30JiA B CHETOBOM IIO-
KPOBe IIpeJICTaBJIEHBl YacTUIIaMM, pa3Mepbl KOTOPbIX He mnpeBblmiatoT 51.0 MxMm. IIpoObl cHErOBBIX BOJ XapaKTe-
PU3YIOTCA IPEVMYIIeCTBEeHHO OMMONAJIBHBIM PacIpe/iesIeHMeM HaHOYACTUII II0 pas3MepaM, OCHOBHAA J0JA dac-
T, (5o 93 %) umeet pasmep 400—600 HM, Ha KO0 HaHOUACTUII ¢ pa3Mepamu 44—86 HM npuxoxuresa 7—9 %.

KinoueBbie cjioBa: CHErOBOJI [TOKPOB, MOJIMIIUMKINYECKUE apOMaTUIecKye yrieBoLOPO/bl, PaclpeiesieHne dac-
TUI] [I0 pasMepaM, BBICOKOB((EKTUBHAA KUAKOCTHAA Xpomarorpadus, JasepHas IPaHyJOMETPUS, METOJ
IVHAMUYECKOTO PacCesHus CBeTa






