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Abstract

The results of field studies, chemical-analytical and numerical investigations of snowpack contamination
in the winter season of 2014/2015 in the vicinity of Sovetskoye highway of Novosibirsk after its reconstruction
of 2009-2014 years. It was shown that substantial reductions of PAH emissions and the change of the
space structure of the field of their fallouts, in comparison with the monitoring data of 2008 were shown.
Linear correlations between the precipitation content and that of organic and inorganic components of the
samples were established. In the kinematic approximation, the few-parametric model of the field
reconstruction of precipitations of the polydisperse impurity from the linear source and the method of its
numerical realization in the explicit form was proposed. The approbation of the proposed model on the

experimental data obtained was carried out.
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INTRODUCTION

The main source of environmental pollution
of big cities is motor transport [1—4]. The emis-
sion composition includes polyaromatic hydrocar-
bons (PAHs) that are the products of the incom-
plete combustion of gasolines and diesel fuel. PAHs
refer to substances of resorptive action, among
them, benzo(a)pyrene — to the first class danger.
In addition to them, the contribution to the air
environment contamination is made by heavy
metals, nitrogen, sulphur, carbon oxides, as well
as dust emissions raised from the roads surface
when moving auto transport. The specific of the
emission distribution is determined by the work
regime of automobiles, low location of sources,

formation of stable contamination zones and vir-
tually around-the-clock impact [5—13]. It seems
reasonable to carry out the constant control for
the contamination dynamics in the vicinity of
highways with intense traffic.

A reliable indicator of Siberian territories
contamination is a snow cover which, as a nat-
ural tablet-accumulator gives the value of dry
and wet aerosol precipitations during the win-
ter period [14, 15]. In comparison with air, snow
sampling does not require complex equipment.
In comparison with soil and vegetation, snow
is also and a convenient analysis object, since
after melting the main component is water.

The object of our multi-year year research
was the Sovetskoye highway of Novosibirsk,
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located in the southwest outskirts of the city
[16—18]. The regular investigations of snowpack
contamination processes in the vicinity of the
highway selected sector have been carried out
by the authors for more than 15 years. In the
transition period of the city auto transport on
the application of unleaded petrol (1998—-2001),
it was found that the content of various PAH
components in snow samples increased in 2—3
times, herewith, the lead content substantially
decreased, moreover, due to the large-size sol-
id fraction (particle diameter of more than 3 pm).
The contribution of lead into the water-soluble
and fine-dispersed (0.45—3 pm) fractions re-
mained practically unchanged. The marked
“splash” of PAH emissions, in our opinion, was
conditioned by technical reasons related to the
unpreparedness of auto transport to the fuel
combustion with a new kind of additives. In
the subsequent period (till 2008), an emissions
increase of PAHs [19] associated with the auto
park growth of the city was observed. Since
the highway was in the reconstruction mode
from 2009 to 2014, full-scale investigations in
this period were not conducted by us.

The objective of this work is to estimate the
contamination condition of snowpack by ma-
jor auto transport emissions components in the
vicinity of the Sovetskoye highway of Novosi-
birsk after the conducted reconstruction.

FIELD STUDIES

The route snow survey was carried out in
the end of winter season of 2014/2015 in the
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vicinity of the highway sector located perpen-
dicular to the winds of the southwest direc-
tion. This direction of winds is the most char-
acteristic for winter seasons [20]. The snow sam-
pling scheme is presented in Fig. 1, a.

Along the route considering the winter re-
peatability of wind directions, samples were
taken in 7 points at the road leeward side and
in 2 points at the windward side. The data on
their remoteness from the auto road are pre-
sented in Table 1. The snow sampling was made
by titanium tube of 100 mm in diameter on
the full snowpack depth. In Fig. 1, b, the de-
pendence of the snow accumulation on the
route of the study is presented. According to
the data of Fig. 1, b, the snow content varies
in the range of 95—-140 kg/m? and, on aver-
age, amounts to 121 kg/m?

CHEMICAL ANALYSIS OF SNOW SAMPLES

The determination of basic 19 PAHs was
conducted by the standard method [20], which
included the stages of melting snow samples
at room temperature, addition of witness-
substances allowing estimating extraction con-
centrating PAHs into methylene chloride from
the entire volume of the unfiltered probe, and
extract drying by anhydrous sodium sulphate.
The dry residue evaporated at a rotational evap-
orator was dissolved in acetone that was ana-
lyzed by the method of chromatography-mass
spectrometry using an Agilent Technology (AT)
6890N gas chromatographer with a capillary col-
umn HP-5MS and quadruple mass spectromet-
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Fig. 1. Scheme of route snow survey (a) and data on the moisture content in sampling points (b).
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ric detector AT 5975N in the regime of detect-
ing by individual characteristics of ions of the
compounds under determination. For the con-
centrations calculation, standard PAH mixture
was used (Hewlett Packard No. 8500-6035). The
determination error of individual PAHs amount-
ed to no more than 20 %. The results correctness
control was carried out by additions of stan-
dard samples of bromine and deuterium-deriv-
atives of PAHs into the initial sample volume.
In Table 1, the data on 19 basic PAH com-
ponent content and PAH total concentration
(XPAH) are presented. Eight components are
marked by bold font because they refer to the
carcinogenic class of hazard. The sum of car-
cinogenic PAHs is presented in the line “>Car-
cinogenic PAHs”. The date on the proportion
(in %) of carcinogenic PAHs from their total
sum are presented in Table 1. The preliminary
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analysis of the table data shows that for vir-
tually all PAHs, concentrations a monotonic
decrease with increasing the distance from the
road is observed. Herewith, the proportion of
carcinogenic PAHs changes from 20 to 34 %
and on average is about 26 %.

In parallel samples, the content of some
inorganic components and precipitate was de-
termined. The scheme of their determination
includes filtration through a paper filter of 3—
5 um diameter. The filters with precipitates
were dried in open air. The precipitate mass
was determined as a difference between masses
of filters with precipitates and before filtra-
tion. The content of sodium, calcium, chlo-
ride, sulphate, etc. in the filtrate is determined.
The metals were detected by a Z 8000 atomic
absorption spectrometer (Hitachi, Japan) with
Zeeman background correction and analyte at-

TABLE 1

PAH content in snow samples, ng/L

Nos. PAH Sampling points
components 1 2 3 4 5 6 7 8 9
Distance from the road, m
20 30 40 55 70 100 145 -30 —55
Sample mass, kg
1.00 0.96 0.76 0.85 1.10 1.00 0.90 1.10 0.90
1 Acenaphthylene 56 31 33 41 2.7 2.6 2 1.3 0.5
2 Acenaphthene 10.5 13.7 36 49 4 4 44 31 0
3 Naphthalene 439 182 164 155 94 86 51 34 14
4 Fluorene 239 124 10.2 16.9 11.8 105 115 59 1
5 Phenanthrene 282.3 137.9 102.9 1325 73.9 60 41.7 26.6  15.2
6 Anthracene 74 43 39 75 5.3 31 42 25 1.8
7 Fluoranthene 2372 111.3 954 116.3 75.7 54.8 34.9 304 203
8 Pyrene 108.3 46.6 43 46.8 331 22.7 18.2 185 139
9 Benzo(a)anthracene 133 6.5 6.7 9.1 6 49 4 6.6 3.7
10 Chrysene 68.9 29 31.2 36.3 23.7 21.3 21.1 174 74
11 Benzo(b)fluoranthene 405 20.6 22.7 24.1 172 132 9.8 11.8 6.9
12 Benzo(k)fluoranthene 28.3 11.7 13.5 14.9 10.7 85 55 6.4 4.7
13 Benzo(j)fluoranthene 21 13 19 11 11 08 06 11 0.7
14 Benzo(e)pyrene 521 20.7 26.6 23.8 16 12.7 86 10.9 7
15 Benzo(a)pyrene 171 6.6 74 94 6.5 59 44 5.7 3.3
16 Perylene 82 33 43 36 3 21 12 18 1
17 Indeno(1,2,3-cd)pyrene 25.6 105 124 14.8 10.2 81 52 5.7 42
18 Dibenzo(a,h)anthracene 62 22 2.8 31 18 2 12 2.3 0.8
19 Benzo(ghi)perylene 434 1 14 20.4 131 104 6.7 6.5 42
>PAHs 1025 476 427 506 325 256 190 168 98
>Carcinogenic PAHs 202 88 99 113 77 65 52 57 32
Carcinogenic PAHs fraction, % 19.7 18.6 23.1 22.3 23.7 25.3 32.6 33.9 32.3
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TABLE 2

Snow sample basic inorganic components, mg/L

Nos. Precipitate  Anions Cations
Chloride Nitrate Sulphate Sodium Calcium Magnesium

1 380 354 242 2.67 129 8.55 0.44
2 203 33.9 2.32 249 124 7.17 041
3 150 19.0 2.34 243 8.7 6.87 0.67
4 165 17.8 243 2.56 8.2 6.13 0.39
5 72 125 1.95 2.01 6.8 429 0.27
6 60 9.7 2.06 1.68 5.6 5.00 0.35
7 42 41 1.01 1.61 2.7 2.72 0.23
8 25 1.7 1.72 1.60 0.99 1.98 0.21
9 22 14 1.06 1.38 0.72 142 0.20

omization in air-acetylene flame. The detection
of sodium and potassium was carried out by
irradiation emission, however, calcium and
magnesium — by irradiation absorption using
hollow cathode lamps. For inorganic anions
(chlorides, nitrates, sulphates and fluorides),
the determination was based
on the application of a Metrohm 883 Basic IC
plus ion chromatograph with a conductomet-
ric detector and chromatographic column
Metrosep A sup 5 — 150/4.0; eluent — 3.2 mM
Na,CO; + 1.0 mM NaHCO,. The analysis un-
certainties were in the rates regulated by State
Standard (GOST) [22].

The mentioned data are presented in Ta-
ble 2. One can see that for all parameters of
the chemical composition, the monotonic de-
crease of concentrations with increasing the
distance from the motorway is observed as was
noted and for PAH components.

Qualitatively, this agrees with the fact that
the highway is the source of emissions. The level

of fallouts from the leeward side of the road
is much higher than from the windward side,
which is the consequence of the repeatability
of wind directions in the winter period of time
[20]. Among inorganic cations, sodium prevails;
its mole concentration is close to the content of
chlorides. This accordance confirms the fact that
sodium chloride is the basic component of mix-
ture for winter bedding course roads.

Figure 2 presents pairwise correlation depen-
dences between sulphates and precipitates with
the sum of PAHs.

From Fig. 2, one can see that between com-
pared variables close linear associations are ob-
served. In case of the precipitate and sum of
PAHs, a high correlation level indicates PAHs
preferential spreading in the dust composition.
In case of PAHs and sulphates, a similar rela-
tionship is less obvious, but it can testify one
of the mechanisms of sulphates formation as a
result of the transformation of their precursor
SO, from exhaust gases at dust particles [14].
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Fig. 2. Linear correlations between the contents of the sum of PAHs and precipitates (a), and sum of PAHs and

sulphates (b) in samples of melted snow water.
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NUMERICAL RECONSTRUCTION OF PAH FALLOUT FIELDS

The analysis of Table 1 shows that the
change of PAH concentrations in snow, as
moving away from the highway, is quite sub-
stantial and indicates the presence in the fall-
outs composition of large aerosol fractions. In
this case, when constructing the models of as-
sessing fall-out fields of PAHs, the kinematic
scheme of spreading particles in the atmosphere
from the linear source and impurity transfer
can be described by the following equation:

Jq Jq

A _w2=0
“ o0x v 0z 1)
with boundary condition
q|. -0 = W(2) =Q¥z - H) )

where g(x, 2) is concentration of the admixture in the
plane (x, 2); uis mean of horizontal wind in the direc-
tion of x axis; w is velocity of particles sedimentation
in the vertical direction, axis z oriented directly up-
ward; @, H are power and effective height of the
source, respectively; 0 is Dirac delta function.

Taking into account that the solution of
equations (1) and (2) can be expressed in the

form of q(x,z) =Y(z +%x) [23], we get the fol-

lowing result for the density of polydisperse
admixture fallout in the perpendicular direc-
tion to the linear source [24]:

Hu?
.’L‘2

» = oN(w)dw =

oz, §) :qu N
X

=02 exp(- ) (3)
X

n+1
n Uw g
where N(w) = F—exp(-—)0
w,'(n +1) fw, wy,
0 = DnHuﬂ+1 o = 0 _nHu
! I‘(n+1)ﬁwkﬁ ’ =2, Pow, o

w), characterises the velosity of admixture frac-
tion in which particle quantity prevails; n is the
degree of uniformity of particles distribution
on velocities w; ['(n) is Euler gamma function.
In the general case, the estimation of pa-
rameters 0;, 0,, 0 is done by the least square
method using PAH data [25]. In particular,
when the number of parameters and support-
ing points coincides, the problem reduces to the
solution of the following non-linear equations:

61.70;92 exp(—ﬁ) =m;, j=1,3
X
where m; is measured density of admixture fall-
out at the distance of x; from the source.
Then, the sought parameters 6,, 0,, 6; are
calculated in an explicit form by the following

formulas:

_ In(m;/my) - aln(m;/m;)

In(x,/x;) — aln(xy/x,)

- In(m, / m,) —bln(m, / m,)
b-1/x +1/x b/,

3

=In(x,/x))
In(xy / x;)

e —_
8y a_l/acz 1/x

- 6, x - ’
8, = mx;*e™, 1/x3 -1/,

The highway section, in the vicinity of
which the selection of snow samples was con-
ducted, is oriented across the winds, prevail-
ing in the winter season of the southwest sec-
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Fig. 3. Measured and reconstructed by model (3) fallouts densities of the PAH sum on the snowpack for the winter
seasons of 2007/2008 (a) and 2014/2015 (b): 1 and 2 — supporting and control points of observations, respectively.
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tor. Their repeatability is about 70 % [20]. It
gives the possibility to use the simplified model
(3), conditionally identify the leeward and wind-
ward sides and determine fractions of the re-
moval of impurities on both sides of the high-
way, as 4 :1, respectively.

In Fig.3,a and b, presents the results of
estimation the sum fallout fields of PAHs on
the basis of model (3) calculated from the data
of tables of PAH concentrations taking into
account the water content of snow for the win-
ter seasons of 2007/2008 [19] and 2014/2015
snow moisture content.

The results of the numerical reconstruction
of fields quite satisfactorily agree with fit the
measurements data in control points. A high
degree of the curve slope in the region of max-
imal PAH fallout in the winter season 2007/
2008 indicates that the disperse composition of
PAHs contained particles was more heteroge-
neous than in winter season 2014/2015. Begin-
ning from the distance approximately 50—60 m
from the road, the curves in Fig. 3, a and b
acquire a more slopping character and PAH
fallout densities are correlated as 3 : 1. In gen-
eral, the total fallouts of PAHs from the high-
way in the winter season of 2014/2015 were
reduced in more than 5 times, in comparison
with the season of 2007/2008.

CONCLUSIONS

The conducted field studies, chemicoanalyt-
ical and numerical investigations of snowpack
contamination in the vicinity of the Sovetskoye
highway of Novosibirsk, showed a substantial
decrease of PAH emissions, in comparison with
the season of 2008. Besides, the space struc-
ture of their fallout field substantially changed
after the reconstruction made in the period of
2009—2014. There linear correlations between
inorganic and organic components were deter-
mined, which specifies the unified source of
emissions. On the other hand, the presence of
such correlations allows making additional con-
trol of chemicoanalytical data.

In the kinematic approach, a few-parame-
ter model of the reconstruction of the fallout
field of the polydisperse admixture from the
linear source was developed and in the explicit

form, the method for its numerical realization
was proposed. The approbation of the model
presented showed its satisfactory agreement
with experimental PAH data. For the recon-
struction of aerosol fallout fields, a relatively
small number of supporting observation points
is required. The consideration of the polydis-
perse composition of impurities allows making
interpretation of experimental investigations
results in a quite substantial distance range.

Taking into account the dominating effect
of emissions of auto transport on the environ-
ment of Novosibirsk, the further development
of theoretical and applied investigations on this
problem, involvement of methods of instrumen-
tal monitoring of both the current and long-term
pollution of atmospheric air and snowpack, de-
velopments of models of the numerical analy-
sis of gas aerosol admixtures from highways,
developing effective measures on decreasing their
negative influence are necessary.

REFERENCES

1 Alexandrov V. Yu.,, Kuzubova L. I, Yablokova E. P,
Ekologicheskiye Problemy Avtomobilmogo Transporta
(Anal Review), issue 34, Novosibirsk, 1995.

2 Yakushev A. B., Kurolap S. A., Karpovich M. A,
Environmental Assessment of Transport Impact at Air
Basin of Central Black Earth Region Cities [in Russian],
Nauchnaya Kniga, Voronezh, 2013.

3 Ambartsumyan V. V., Nosov V. B., Tagasov V. L, Ecolo-
gical Safety of Road Transport [in Russian],
Nauchtekhlitizdat, Moscow, 1999.

4 Denisov V. N,, Rogalev V. A, Problems of Road Transport
Greening [in Russian], MNEB, St. Petersburg, 2003.

5 Azarov V. N., Sadovnikov N. P., Mamontov D. P.,
Stroitel’stvo 1 Rekonstruktsiya, 47, 3 (2013) 23.

6 Krushel E.G., Panfilov A.E., Stepanchenko I.V.
Stepanchenko O. V., Izv. Volgograd State Tekh. Un-ta,
9, 11 (2011) 29.

7 Abhijith K. V., Gokhale S., Environ. Pollution, 204
(2015) 99.

8 Reed L.E., Trott P.E., Atm. Environ., 5, 1 (1971) 27.

9 Reggente M., Peters J., Theunis J., Poppel M. V.,
Rademaker M., Baets B.D., Kumar P., Environ.
Pollution, 199 (2015) 209.

10 Tomi¢ J., Kusljevi¢ M., Vidakovi¢ M., Rajs V.,
Measurement, 58 (2014) 138.

11 Vafa-Arani H, Jahani S, Dashti H, Heydari J., Moazen S,
Transport. Res. Part D: Transport Environ., 31 (2014) 21.

12 Novikova S. A., Izv. Irkutsk Gos. Un-ta. Ser. Nauki o
Zemle, 13 (2015) 131.

13 Akhimov L. M., Yakushev A. B, Kurolap S. A., Byull.
Voronezh Gos. Un-ta. Ser. Geografiya. Geoecologiya, 2
(2011) 158.

14 Vasilenko V. N., Nazarov I. M., Friedman Sh. D,
Monitoring Snow Cover Pollution [in Russian],
Gidrometeoizdat, Leningrad, 1985.



POLYAROMATIC HYDROCARBONS IN THE VICINITY OF THE HIGHWAY 497

15 Prokacheva V. G., Usachev V. F., Meteorol. i Gidrol.,
3 (2013) 94.

16 Kokovkin V. V., Raputa V. F., Shuvaeva O. V., Morozov
S. V., Optica Atm. i Okeana, 13, 8 (2000) 788.

20 Koshinsky S. D. and Schwer Ts. A. (Eds.), Klimat
Novosibirska, Gidrometeoizdat, Leningrad, 1979.

21 Soniyassi P. Sandra P., Schlette K., Analiz Vody:
Organicheskiye Mikroprimesi, Teza, St. Petersburg, 2000.

22 GOST 27384—2002. Voda. Normy Pogreshnostilzmereniya
Pokazateley Sostava i Svoystv. Mezhgosudarstvenny Sovet
po Standartam, Metrologii i Sertiifikatsii, Minsk, 2002.

23 Tikhonov A. N., Samarskiy A. A., Uravneniya
Matematicheskoy Fiziki, Nauka, Moscow, 1972.

24 Pressman A.Ya., Inzh.-Fiz. Zh., 2, 3 (1959) 78.

25 Uspenskiy A. B, Fedorov V. V., Vychislitel’'nye Aspekty
Metoda Naimen’shikh Kvadratov pri Analize i
Planirovanii Regressionnykh Eksperimentov, Izd-vo
MGU, Moscow, 1975.

17 Raputa V. F., Kokovkin V. V., Shuvaeva O. V., Morozov
S. V., Optica Atm. i Okeana, 14, 3 (2001) 240.

18 Raputa V. F., Kokovkin V. V., Shuvaeva O. V., Sadowskii
A. P, Olkin S. E., Morozov S.V., Chem. Sustain. Dev.,
10, 6 (2002) 683. URL: http://www.sibran.ru/en/
journals/KhUR

19 Raputa V. F., Kokovkin V. V., Shuvaeva O. V., Sadowsky
A.P., Ol’kin S. E, Morozov S. V., Chem. Sustain. Dev.,
18, 1 (2010) 63. URL: http://www.sibran.ru/en/
journals/KhUR

UDC 551.511.61+551.578.46

DOI: 10.15372/KhUR20160409

IonmnapomMaTudecKkmne yrieBoAOPOJbI B OKPECTHOCTIX KPYIHOM
aBTomaructpaaun HoBocubOupcka

B. B. KOKOBKMH'+, B. . PAMYTA?Z, C. B. MOPO30B3>”, T. B. SPOCJIABLIEBA*

"MHCTUTYT HeopraHndeckoi xumum um. A. B. Hukonaesa Cubupckoro otaeneHns PAH,
Hosocunbupck, Poccus

E-mail: basil@niic.nsc.ru

2UIHCTUTYT BbIYVC/TUTENBHOM MaTeMaTUKU U MaTemMaTu4eckosi reopuavkn Cubupckoro otaenexvs PAH,
Hoocunbupck, Poccusi

3HoBoCUBMPCKMIT MHCTUTYT OpraHnyeckoiixummm um. H. H. Bopoxuosa Cubupckoro otaenenus PAH,
Hoocubupck, Poccusi

*Hosocnbupckuii HUW rurnens:, HoBocubupck, Poccusi

SHoBoCUBMPCKIIT HALMOHAbHBIN NCCAEA0BATENLCKUIT FOCYAaPCTBEHHbIN YHUBEPCUTET,
Hoocubupck, Poccusi

AnHoTanus

IIpuBenens! pe3yJsbTAThI IOJIEBBIX, XMMUKO-aHAJIUTUIECKNX VM YVICJIEHHBIX MICCJIEOBAHNI 3arPA3HEHNA CHE-
TOBOTO NOKpPOBa B 3uMHeM ce30He 2014—2015 rr. B okpectHocTaAx Coserckoro mocce HoBocubupcka mocie ee
pexoHcTpykmym 2009—2014 rr. ITokasaHO, YTO II0 CpPaBHEHMIO C HaHHBIMM MoHMTOopmHra 2008 r. mpomsomiso
CyILIECTBEHHOE CHILKeHMe BbIOpocoB ITAY m m3MeHeHMe IPOCTPAHCTBEHHOV CTPYKTYPHI IIOJIA UX BBINAJEHNI.
YcTaHOBJIEHBI JIMHENHbIE KOPPEIANVOHHBIE CBA3M MEMKAY COAEePiKaHMEM OCAIKOB ¥ HEOPTaHWYECKVMMM JI Opra-
HIYECKMMM KOMIIOHEeHTaMM pod. B kuHeMaTnyeckoM NpuOIMskeHny paspaboTaHa MajolapaMeTpuUdecKas Mo-
JleJIb PEKOHCTPYKIMM II0JIA BbITaJeHNUI IOJVIVICIIEPCHON NIPMMeCH OT JIMHENMHOTO MCTOYHMKA U IIPENJIOMKEeH B
ABHOM BIJle METOJ, ee 4JCJeHHON peasmaanyy. IIpoBeseHa ampobanysa IIPeJIoKeHHON MOJesy Ha IOJIydeH-
HBIX DKCIIEPVMEHTAJbHBIX JaHHBIX.

Knaio4deBsble ci1oBa: aBTOMAaruCTpaJib, CHEXKHBIN ITIOKPOB, MOHUTOPVHT, XMMWYECKIUII COCTaB, MOJMapOMaTHIeC-
KIe YIJIEBOJOPOIbI






