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B pabome npusoosmca pesynomamot uzmepenuil cooeprycanusn oens(a)nupena (bII) ¢
CHeJCHOM NnOKpose na meppumopuu 2. Heanoeo. Buiseneno, umo xonyenmpayusa BIl ¢ kon-
mpoaAUPyemMuIxX mouKkax ¢ cpeonem 6 2,7 paza npesviuiaem ponoswiit yposensv. Cmenensy 3azpaz-
HEeHUA CHeNCHO20 noKpoea 6 2. Heanoeo 3HauumelbHo meHbvuie, yem 6 2. Mockea (ypoeens npe-
evluenus éapvupyemcs 6 ouanasone 2,3 - 89 paz). Ouenenvt yposuu nocmynnenus (om 0,02 mxz/m* 00
3,76 mx2/m?) u nnomnocmu gvinadenus (0,02-1,88 H?/M2°cym+) BII, komopule couzmepumel ¢ ge-
JAUYUHAMU, XAPAKMEPHLIMU 0]l MAKUX PAlioH08, Kak 2opoockue meppumopuu I'epmanuu u Ka-
Haovl. Humepnonayus 3nauenuii konyenmpauuii bII 6 cneze nozeéonuna eviaeums HA meppu-
mopuu 20poo0a aHOMAIUU ¢ YpOoBHEM colepricanusn bens(a)nupena 35 He/a, umo 6 7 pas eviuie
cpeonezo 3naueHun 6 yeaom no 20pody. Ilonyuennvie Oannvle nO360AUTU OUEHUMb KOHUEHMPA-
uuto BIT ¢ ammocepnom 6030yxe, komopasn ¢ cpeonem pasna 0,7-10° me/m®, umo cocmasnaem
0,7 oonen I/I[Kcc. Paccuumansl éeaudunbl UHOUBUOYATIbHO20 KAHUEPOZEHHO20 PUCKA 0714 300-
poeba nacenenus, komopuie cocmasunu 0,6:10° u 1,6:10°, umo coomeemcmeyem npeneépecu-
MO MaAnoOMy UHOUGUOYATbHOMY DUCKY (017 83DOCNI020 HACENeHUs) UL COOMEEHCmeyem npe-
0€1bHO 00NYCIUMOMY YPOGHIO (0115 Oemeit) coomeemcmeenHo. Ilonyuennvie pezyromamaot no3-
60JIUNIU OYeHUMb IKOI02uUecKuil puck om 3azpaznenus BII cuexcnozo nokposa, yposenv Komo-
D020 cOOmeemcmeyem ymepeHHomy, 00HAKO C8UOCmelbCmEyem 0 NOMEHUUANbHOU ORACHOCHU
07151 300p06bA HACENEeHUA, C6A3AHHOU ¢ chocodnocmbio BII nakanaueamuvca ¢ 00veKkmax okpy-
Jcaroweii cpedvl. Ycmanoeneno, umo Haubdonee 6epPOAMHBLIM UCHIOYHUKOM HOCHYRIEHUA
Oenz(a)nupena Ha meppumopuu 20pooa AGAAEMCA AGMOMOOUNbHBLI MPAHCHOPM, 6KIA0 MON-
JIUBHO-IHEP2EMUUECKO20 KOMNIIEKCA 00J1HCeH ObIMb CYULeCIMEEeHHO MeHbULe.
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The paper presents the results of measurements of the content of benzo(a)pyrene (BaP) in
the snow cover in the territory of the Ivanovo city. It was revealed that the concentration of BaP
at the controlled points is 2.7 times higher than the background level on average. The degree of
pollution of the snow cover in lvanovo is much less than in Moscow (the level of excess varies in
the range 2.3 - 89 times). The intake levels (from 0.02 ug/m? to 3.76 ug/m?) and deposition density
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(0.02 - 1.88 ng/m? - day™®) of BaP are estimated that are commensurate with the values typical for
such areas, as urban areas of Germany and Canada. Interpolation the BaP concentrations in
snow is allowed to reveal anomalies in the city with BaP content of 35 ng/l, which is 7 times high-
er than the average value for the whole city. The obtained data made it possible to estimate the
BaP concentration in atmospheric air, which on the average is 0.7- 10° mg/m®, which is 0.7 frac-
tion of the maximum permissible concentration. The values of individual carcinogenic risk for
public health were calculated, which amounted to 0.6:10° and 1.6-10°, which corresponds to neg-
ligible individual risk (for the adult population) or corresponds to the maximum allowable level
(for children), respectively. The obtained results allowed to evaluate the environmental risk from
pollution of the snow cover with BaP, the level of which corresponds to a moderate one, however,
indicates a potential public health hazard related to the ability of the BaP to accumulate in envi-
ronmental objects. It is established that the most likely source of BaP is automobile transport. The

contribution of the fuel and energy complex should be much less.

Key words: benzo(a)pyrene, polycyclic aromatic hydrocarbons, snow cover, carcinogen, environmen-

tal risk, monitoring
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INTRODUCTION

Polycyclic aromatic hydrocarbons are among
the priority pollutants of the environment [1]. Many
polycyclic aromatic hydrocarbons (PAHS), having a
high activity in biological objects, contribute to the
occurrence of carcinogenic, teratogenic or mutagenic
changes [2].

In Russia, the content of carcinogenic PAHSs
in environmental objects is normalized only by one,
the most dangerous compound — BaP. Hygienic stand-
ards of BaP content in environmental objects are given
in the literature [3-6].

The priority of BaP is due not only to high
toxicity, but also to the scale of environmental pollu-
tion. The results of monitoring the level of atmospher-
ic air pollution in the territory of the Russian Federa-
tion show that its average concentration in Russia is
1.4 times higher than 1 MAC (maximum allowable
concentration), and the maximum — in 5.6 times [7].

BaP transformation products (peroxides, qui-
nones, sulfur and azo derivatives) are also toxic to
living organisms [8, 9]. BaP concentration in the at-
mosphere can serve as an indicator of anthropogenic
activity, as well as an indirect factor of human influ-
ence on the climate [8-10]. The main sources of BaP
supply to the environment are the fuel and energy
complex and motor transport. Heavy industry, uncon-
trolled fires and incineration of waste also make a
significant contribution to the overall pollution of the
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BaP [10]. Most of the BaP is located in the lower lay-
ers of the atmosphere in the form of aerosol particles
that can penetrate into the respiratory system. Being
chemically relatively stable, BaP can be transported
over long distances and migrate for a long time in the
environment. Thus, monitoring the BaP content in
environmental objects, as well as identifying the main
channels for its entry and withdrawal, is an urgent
task. It should be noted that, in recent years, more and
more research has been devoted to studying the pro-
cesses of migration and transformation of PAHSs in
the snow cover [11-13].

Snow cover, being a relatively stable mechan-
ical system, is not simultaneously active either chemi-
cally or biologically, such as soil. Therefore, snow
can be considered an indicator of the previous pollu-
tion of the atmosphere [14]. Obviously, the main
channel of BaP entering the environment is the com-
bustion processes, followed by air pollution, as a re-
sult of which the BaP propagates over long distances
from the sources of intake, and the main channel of
removal is the processes of dry and wet deposition.
Consequently, in the cold period, especially in urban
areas, it is solid atmospheric precipitation that is the
main process of removing BaP from the atmosphere.
Being an effective reservoir for the accumulation of
various chemical compounds, including highly toxic
organic compounds, such as BaP, in the spring, when
all accumulated pollutants are washed out in a short
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period of thawing. Characteristic for PAH transfor-
mation processes in aqueous systems, such as photol-
ysis, bioaccumulation and biodegradation, do not oc-
cur in the snow cover, as a result of which, snow
causes intense stress on the hydrosphere and the litho-
sphere [15].

The sampling of snow is fairly simple and
does not require complicated equipment as compared
to air sampling. Stratified sampling of the snow cover
allows to obtain the dynamics of pollutants arrival
during the winter season, and one sample over the
entire height of the snow cover gives an idea of the
contamination for the entire period from the estab-
lishment of the shelter to the moment of sampling. It
allows to solve the problem of determining the total
parameters of contamination (dry and wet deposition).
Snow naturally provides concentration of impurities
in comparison with the air environment, which sim-
plifies the subsequent task of analyzing pollutants.
Also, the study of snow will make it possible to de-
velop models of BaP deposition to identify the most
polluted areas and to develop measures aimed at min-
imizing the impact of highly toxic compounds present
in urban thawed effluents.

EXPERIMENTAL

The object of the study was the city of Ivano-
vo. Climatic conditions in the cold season: the maxi-
mum temperature is -0.4 °C; the minimum is -11.7 °C;
the average is -5.8 °C. The main type of precipitation
from the cold period is snow, and the average amount
of precipitation per season is 228 mm. The average
depth of the snow cover in the study area in the end of
March varied in the range of 0.4-0.6 m. The BaP
emissions in the study area are mainly characterized
by anthropogenic sources associated with the combus-
tion of fuel at the heat power station and the traffic of
road transport, and an additional entry channel may
be a transboundary transfer from adjacent territories.

According to recommendations [16], samples
of snow were collected in March 2017 (that is at the
time when a stable snow cover was established and
heavy snowfalls were observed). For snow samples
sampling, a standard snow-homer was used, through
which individual cores were cut at the points of the
snow-covered route cut to the full depth of the snow
cover without capturing soil particles. At least 3 snow
samples were collected and analyzed at each point in
the specified period. Samples of the snow cover were
taken from all over the city of lvanovo, for which the
whole area of the city was divided into 12 squares, in
each of which 3 to 5 samples were taken. During the
entire observation period, 51 samples of snow were
analyzed.
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The level of background contamination with
the BaP was estimated by sampling snow outside the
local anthropogenic impact area, at a sufficient dis-
tance from the settlements (on the windward side), at
least 500 m from the roads.

Analysis of snow samples was carried out ac-
cording to [17]. The snow samples were melted, the
melt water was filtered and extracted in an ultrasonic
bath at room temperature with n-hexane from the
dried filter, the extract was evaporated and the dry
residue was dissolved in acetonitrile. The resulting
solutions were analyzed by high performance liquid
chromatography (HPLC) using a FLUORAT-02M
liquid analyzer as a fluorimetric detector with a col-
umn and a pre-column filled with a reversed-phase
sorbent "Kromasil C18". Detection of the optical sig-
nal was carried out in the excitation wavelength range
of 270-360 nm and the registration of 390-450 nm,
providing maximum sensitivity and selectivity. The
relative error is = 10% with a confidence level of 0.95
over the entire range of measured concentrations. The
random error component does not exceed + 6.0%
(RMS < 3.0%) [18].

The concentration of BaP in the volume of the
analyzed snow sample was estimated by the formula:

3
s CeV,-Q-10

, ng/l,

pr
where: X — concentration of BaP in the sample,
mg/dm3; C. — concentration of BaP in the sample
concentrate, mg/dm?; Vi is the volume of the sample
concentrate, cm?; Vyr — volume of water sample, cm?;
Q is the dilution factor of the sample concentrate.

Conversion of bulk concentration of BaP into
bulk (ng/g) was carried out based on snow density
equal to 0.25 g/cm? [16].

To estimate the level of snow contamination
with BaP, the experimental values of the content in
the samples were converted into ug/l. Table 1 shows
the results of studies at all points of sampling. The
results obtained allowed us to estimate the level of
BaP supply to the snow cover [15]:

C.-V
m= :
S
where m is the BaP input level, pg/m?; C. — concen-
tration of BaP in snow, pg/l; V — volume of melt wa-
ter, I; S — snow sampling area, m2.

The calculated levels of BaP receipt are given
in Table 2. The results obtained represent the rate of
accumulation of BaP in the snow over a time interval
of 5 months, which varies from 0.02 ug/m? to 3.76 pg/m?
The obtained values are in good agreement with the
studies of other authors [15, 19], the results of which
are given in Table 3.
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Table 1
The content of BaP in snow samples, ng/Il
Tabauya 1. Conep:xanue BII B npo6ax cHera, Hr/a
Sampling point
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17
135| 38 |182 | - - |105| 25 | 2.6 - [138] 1,0 - 8.2 |17.3] 3.8 - -
18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34
114 | - - - 411 - 55 - - 0.1 0.1 - 0.1 - |14.0] 0.2 | 146
35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51
- |156(295] 0.2 - - 209 - - - - 0.8 - 0.7 - - -
Table 2
Incoming levels of BaP, ug/m? (for 5 months)
Tabauya 2. Yposuu nocrymienus BII, mxr/m? (3a 5 MecsineB)
Sampling point
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17
1721049 | 2.31 - 1133/032|033| - |176(011| - |104|220|049| - -
18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34
145| - - - |524| - |069| - - 1001]|001| - |0.02| - |178|0.02]|1.86
35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51
- 11993.76|0.03| - - |266| - - - - |1010| - |0.09]| - - -
Table3 g/m? C is the concentration of BaP in the solid frac-

Comparison of the levels of BaP incoming in the snow cover
Tabauua 3. CpaBHenue ypoBHeil nocrymienusi BII B
CHE;KHBIIi MOKPOB

Ivanovo city, | SU-Sainte- ﬁzgtlnlf)ﬁgggllf- England
Russia 71| Marie city, dorf, Germany | (Motorway
Canada [15] '119] Y1 "M6) [19]
0.02-3.76 0.26-2.73 0.5-2.0 4.9

tion of snow, ng/g.

Another complex index of snow cover con-
tamination, characterizing the arrival of solid precipi-
tation (dust) on the snow cover for a certain period of
time, can be dust deposition density (pd), kg/km?-day™
[22], which is determined by the formula:

Py

P

The BaP is a compound that can accumulate
in the snow cover during the entire observation peri-
od, because is characterized by a high partition coef-
ficient in the octanol-water system (low solubility in
water) and is present in the atmosphere in the form of
an aerosol, especially in urban environments charac-
terized by a high content of suspended particles [15].
That is the main way of migration of BaP in environ-
ment is the physical and mechanical one [20]. This
fact agrees well with the experimental data obtained
in the analysis of suspended substances from snow
cover and snow filtrate.

According to research [15] it is precisely the
heavy PAHs such as benzo(k)fluoranthene, ben-
zo(a)pyrene, benzo(g,h,i)pyrene, indeno(1,2,3-cd)pyrene,
completely are bound by solid particles present in the
snow, and the light (phenanthrene, fluoranthene, py-
rene, benzo(b)fluoranthene) are present in both the
solid and liquid phases. Therefore, the intensity of
atmospheric deposition of BaP can be estimated from
the dust load [21]:

D=P, -C,
where D is the intensity of atmospheric precipitation
of BaP with snow, ng/m?-day; P, — daily dust load,
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S-t’
where p is the mass of the dust precipitated by snow
or the dust mass in the sample of the solid snow sed-
iment (mg; kg); S — the area of the pit (m?; km?); t —
time interval in the days between the moment of sam-
pling and the date of establishment of a stable snow
cover (day).

When assessing the level of dust precipitation
(water-insoluble forms) in the snow cover, the con-
centration of suspended solids, received during the
cold season, was taken into account. The duration of
snow cover was 5 months. The results of the calcula-
tions are given in Table 4. It should be noted that the
level of pollution of the snow cover in the territory of
Ivanovo is much lower than in Moscow [23], where
the level of pollution varies from 154 to 5732 ng/g.

Interpolation of BaP concentration values in
the snow cover revealed an anomaly in the center of
the city, with a BaP content of 35 ng/l at the center to
5 ng/l at the periphery. Also, a minor anomaly is ob-
served in the south-west of the city. It should be noted
that it is in these areas that the main facilities of the
fuel and energy complex of the city (CHP-2 and
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CHP-3) are located, as well as intensive traffic of ve-
hicles, and, probably, they make the main contribu-
tion to the pollution of the snow cover. It is possible
that local sources are responsible for forming the
quality of the environment, which is confirmed by the
results of earlier studies on the assessment of soil con-
tamination level in lvanovo [24]. This assumption can

be confirmed in the analysis of seasonal fluctuations in
the level of BaP in the components of the environment.
An analysis of the spatial distribution of BaP
in the area under study (Fig.) made it possible to es-
timate the level of excess of atmospheric deposition
of BaP (Kd = C./C4) relative to the city average of
4.1 ng/l (Table 4), which varies in range 0-2.8 times.

Table 4
The level of contamination of the snow cover in Ivanovo
Tabauya 4. YpoBeHb 3arpsi3HEHHOCTH CHEKHOI0 NOKpoBa r. UBaHOBO
Index Squares

1 123|456 |7 |8]9]10|11]12
Average Concentrfr']gcvogflus‘oe”ded solids in | 4 124 10.06(0.05|0,01|0,03|0,04/0,04/0,02/0,030,020,03 0,02
Py, kg/km?-day™ 20.8 [51.5(38.3(10.3|27.2|36.2|31.7|17.3|29.0|14.1|21.7|14.7

The average mass concentration of BaP in the a1 1241111 0 l69l37] 2 11al58 66! 1| 0

snow cover, ng/g (Cm)

Intensity of BaP deposition, ng/m?-day* 0.853(1.43|0.42| 0 (1.88(1.34/0.04/0.24|1.68|0.93|0.02| 0

The average volumetric concentration of BaP 101172130l 0 117193210021 35113 6 |75/023
in the snow cover, ng/l (Cy)

The maximum concentration of BaP, ng/l 18.2 113.5/85| 0 (11.2(39.9/0.05/13.2{28.5|19.1|16.2| 0.7

The level of excess of atmospheric deposition, Kqf 2.5 [1.8(0.7| 0 {03(23]00(09|28|15|18|0.1
Svetly Luch

natovo

-1
IrHaTos0

Fig. Spatial distribution of BaP in the city
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Puc. IIpoctpanctBenHoe pacnpocrpanenue bII Ha TeppuTopuu ropona
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Table 5

Assessment of the magnitude of the health risks of different population groups

Tabauua 5. OueHka BeJMYHHBI PUCKA 1JIsl 310POBbs PA3JIMUYHBIX I'PYII HACEJICHHSA
Population SE (33R, EF, ED, | BW, | AT, C,, mg/m? | C, mg/m? R
category m3/day | days/year | years | kg | years
men 15.2 70 70 70 e 0.6-10%/1.1-10°°
women | 3.9 | 113 350 70 | 70 | 70 g'gfggi (17311%6/ 0.4-10°/0.8-10°
children 8.7 6 14 6 ' ' 1.6:10°/3.0-10°°

* - the average and maximum concentration of BAP in the city, respectively
* - CpeaHAd U MaKCUMaJIbHass KOHIICHTpalus BII o ropoay COOTBETCTBEHHO

Since the snow cover is an indicator of air
pollution, the results allow to estimate the magnitude
of the risk of adverse effects on public health from the
inhalation effect of BaP, which is a substance with
carcinogenic properties. This approach allows us to
identify the finely-tuned action of the pollutant on the
human body and determine the probability of unfa-
vorable consequences for human health [25]. The as-
sessment of the magnitude of individual carcinogenic
risk in the territory of the Russian Federation is carried
out in accordance with [26] according to the formula:

R =LADD-SF,
where LADD is the average daily dose of a toxicant
that enters the body during life (mg/(kg-day)); SF is
the carcinogenic potential factor (mg/(kg-day)?).
LADD:C'CR'ED'EF,
BW-AT-365

where C is the concentration of the substance in at-
mospheric air (mg/m®); CR — rate of the incoming
medium (m®day); EF — frequency of exposure,
days/year; ED — duration of exposure, years; BW —
body weight, kg; AT — the period of exposure averag-
ing for carcinogens, years.

The B AP concentration in atmospheric air
was determined using the correlation equation ob-
tained by the authors of the article [27]:

C, = 0,83-¢l 700007

where C is the BAP concentration in atmospheric air,
ug/m?; Cs is the concentration of BAP in the snow
cover, ug/m®.

The initial data and the results of calculating
the risk values are given in Table 5.

According to [26], risk tolerance criteria are
used to characterize the public health risk caused by
exposure to environmental pollutants an individual
lifelong risk equal to or less than 1-10%®, characterizes

such levels of risk that are perceived by all people as
negligible, not differing from ordinary, everyday
risks. Individual risk throughout life is more than
1-105, but less than 1-10*, corresponds to the maxi-
mum allowable risk, i.e. the upper limit of acceptable
risk. Thus, the results of the calculation show that the
values of the individual risks are either negligible (for
the adult population) or correspond to the maximum
allowable level (for children).

The authors of the work [28] used the risk
calculation methodology (RQ) to assess environ-
mental risk:

Ceep c MPCs)
RQ :C_a’ RQNCS = ) RQMPCs = )

Qv QVincs) QV (mpcs)
where Cgap is the average concentration of BaP in the

investigated sites, ng/l; C — the mini-

CBaP(NCs) Bap

BaP (ncsy * - BaPvpcs)

mum and maximum concentrations of BaP in the in-
vestigated objects, respectively, ng/l; CQV(NCS) ,
MViwey minimum and maximum values of BaP
concentrations, leading to environmental risk, ng/l.

Since the values of standard risk values are
not established for the snow cover, values for water
objects are used for the calculation. The results of the
calculation are given in Table 6.

The obtained results show that the level of
pollution of the snow cover with BaP corresponds to
low environmental risk (Table 7) - the magnitude of
environmental risks are at the same level as the risks
typical for the Fields Peninsula (Arctic). However,
there is probably a potential danger both for public
health and for anthropogenically-modified ecosystems
in the city of Ivanovo, because of the possibility of
the BaP to accumulate in environmental objects.

Table 6
Assessment of environmental risk by the method of risk factors
Tabnuya 6. OnieHKa YIKOJIOrHYECKOT0 PHUCKA 10 METOAUKE (PAKTOPOB pHCKa
CQV(NCS) ! CQV , ng/| CBaP ng/| CBaP ng/| RQNCS RQMPCs RQNCS ’ RQMPCS
ng/| e (e (e Ivanovo Peninsula Fields (Arctic) [28]
0.5 50 4.4 40.9 88 | 08 7.9 | 079
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Table 7
Classification of environmental risk [28]
Tabnuya 7. Knaccudukanus 3K010ru4eckoro pucka [28]

Level of environmental risk RQncs RQwmpcs
Absence of risk 0
Moderate risk >1 <1
High risk >1
CONCLUSION

The content of benzo(a)pyrene in the snow
cover on the territory of the Ivanovo city and its intake
levels from the atmosphere are determined. It was
found that the BaP concentration exceeds the back-
ground level at almost all sampling points on average.
The obtained data made it possible to estimate the con-
centration of BAP in the atmospheric air, which on the
average is 0.7-10° mg/m?, which is 0.7% of the maxi-
mum permissible concentration (MPCas).
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The individual carcinogenic risk to public
health was estimated to be 0.6-10° and 1.6-10%,
which corresponds to negligible individual risk (for
the adult population) or corresponds to the maximum
allowable level (for children), respectively. The calcu-
lated values of ecological risk correspond to the mod-
erate level of risk typical for territories with low an-
thropogenic impact.

It is established that the most likely source of
benzo(a)pyrene is automobile transport. The contribu-
tion of the fuel and energy complex should be much less.
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