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GEOCHEMICAL ANALYSIS OF SNOW COVER WITHIN THE ROAD
LANDSCAPE ENGINEERING SYSTEM KIEV — ODESSA
Ruslana Didura
Vinnytsa Mykhailo Kotsiubynskyi State Pedagogical University

The problem of study of snow cover pollution by chemical elements of the road landscape engineering
system of Kyiv — Odesa has been considered; the previous experience of researches of domestic and foreign
scientists has been analyzed, the characteristics of the climatic conditions of the Kyiv — Odesa highway has
been given. Three natural areas for taking snow samples have been selected: the first is near the city of Bila
Tserkva (Kyiv region); the second natural area is located in the surrounding of the city of Uman on the fork
"Clover leaf" (Cherkasy region), where the road of international importance Stryi — Ternopil —
Kropyvnytskyi — Znamyanka crosses with M — 05 highway; the third area is located near the urban village of
Kryve Ozero on the fork "Clover's leaf" where the M-05 highway and the P-75 road of regional significance
(Slobidka — Balta — Kryve Ozero — Pervomaisk — Domanika — Oleksandrivka) are crossed. The analyses
were performed in Uman City-District Department of Public Institution “Cherkasy Regional Laboratory
Centre of the Ministry of Health of Ukraine” using the following methods: turbidimetric, photo-color-metric,
titrimetric, gravimetric, direct potentiometry, atomic absorption spectrometry according to MVV 31-497058-
015-2003. The conducted studies have shown that there are such chemical elements in the snow cover of the
road landscape engineering system of Kyiv — Odesa as: heavy metals, calcium, magnesium, chlorides, sul-
fates, ammonia, nitrates, fluorides, nitrites and manganese. Nitrites, fluorides, ammonia, petroleum products
of phenol are within the normal range and do not exceed the maximum permissible concentration (MPC).
Indicators of some chemical elements exceed the maximum permissible concentration: chloride ions are
increased at areas 2 and 3; the sulphate index is the largest in the second background area of Uman city; the
nitrate index is the highest near the urban village of Kryve Ozero; the lowest pH environment is near Uman
city, the highest pH - in the urban village of Kryve Ozero, and it is close to the alkaline medium. Geochemi-
cal studies of the snow cover of the road landscape engineering system of Kyiv — Odesa were not carried out
before, however, they are urgent.

Key words: Kyiv — Odesa highway, road landscape, road side, heavy metals, snow cover, copper, cad-
mium, zinc, distribution, concentration.

were not carried out within the highway, but they

Topicality and novelty of the research are necessary for the further rational use of not

The highest indicators of environmental pollu- only the existing road landscape engineering sys-
tion with the harmful substances are observed in tem, but also the surrounding landscapes.
the XXI century. However, most of them are al- Analysis of recent publications on the re-
ways confirmed by field studies. The snow cover search topic.
has been taken as an example, which made it pos- The research of snow cover was carried out by
sible to investigate the concentration of harmful domestic and foreign scientists: O. R. Akimova, L.
elements from different sources of pollution. Pol- M. Andrusyshyna, A. M. Valchuk-Orkusha, O. G.
lution of the snow cover occurs in two stages. The Golub, V. F. Demchenko, G.I. Denysyk, R. V
first stage involves the formation of snowflakes Didura, S. A. Kuralap, I. V. Kuraiev, V. L
and their combination with harmful elements Kozlovskyi, O. R. Lempeka, L. Yu. Matviychuk,
within the cloud, and the actual snowfall is al- 0. G. Melnykova, T. I. Porozhyna, V. A.
ready with the polluted components. The second Yurchenkova , M.V. Yanchyk and others [8,5].
stage is the direct impact of the surrounding fac- T. I. Pozhoryna and S. A. Kuralap in the pro-
tors on relatively clean snow such as road cess of environmental-geochemical researches of
transport, ferrous and nonferrous metallurgy en- Voronezh city determined the influence of urban
terprises, anti-icing agents, and so on. All these environment on accumulation of heavy metals in
factors enrich the snow with chemical elements. the snow cover [5, p.121-126]. The content of
The Ukrainian legislation lacks the state standards chemical elements in the snow cover in the Kyiv
for the content of chemicals, as well as heavy region was studied by V.F. Demchenko, I. M.
metals in snow cover that is exposed to external Andrusyshyna, O. 1. Golub, O. R. Lampeka. O.M.
factors. Therefore, one of the main highways of Valchuk-Orkusha together with G.I. Denysyk
Ukraine, Kyiv — Odesa, which is related to the partially studied the geochemical properties of the
roads of I category, was selected for the research. road landscapes of Podillya [1]. In the most publi-
The topicality of the research is that such studies cations, particular attention is paid to heavy met-
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als in the snow cover near major cities and indus-
trial sites (ferrous and nonferrous metallurgy
plants). The content of heavy metals in the snow
in the road landscape engineering systems is stud-
ied a little. In 2017, we conducted a research on
the detection of heavy metals in the road land-
scape engineering system of Kyiv — Odesa, but
the snow cover was not used at the same time.

Methodology and methods of research: In
the analysis of melting snow, it is possible to use
techniques that are equated with water quality.
The main regulatory document in the research is
SanPin 4630-88 sanitary rules and norms of sur-
face water from pollution [7]. GOST (state stand-
ards) 4011-72 clause 2 was used for determination
of heavy metals; GOST 4245-72 cl.2 — for chlo-
rides; GOST 4389-72 cl.3 — for sulfates; GOST
4192-82 cl. 3 — for ammonia; GOST 18826-73
cl.3 - for nitrates; GOST 4386-89 variant a - for
fluoride; GOST 4192-82 cl. 4 — for nitrites; GOST
4388-72 cl.2 — for copper; GOST 7974-72 cl.3 -
for manganese; GOST 3351-74 cl.5 — for turbidity
and sediment; GOST 1164-72 - for dry residue;
calcium, magnesium, petroleum products and
phenols were investigated according to Yu. V.
Novikov's methodology "Methods of studying
water in reservoirs" [4]

Different methods have been applied to de-
termine the chemical elements in the snow cover:
sulfates were determined by turbidimetric; color,
nitrates, nitrites, ammonia and turbidity — photo-
color-metric; the content of chlorides, oxygen and
alkalinity was determined by titrimetric; suspend-
ed matter - gravimetric; pH medium - direct
potentiometry method; heavy metals have been
investigated by the atomic absorption spectrome-
try method according to the MVV 31-497058-
015-2003 [6, 2].

Goal of the research: to carry out a geochem-
ical analysis of the content of chemical elements
in the snow cover of the road landscape engineer-
ing system of Kyiv — Odesa.

Presentation of the main material.

The Kyiv — Odesa highway connects the cen-
tral part of Ukraine with the North Black Sea
coast and extends for 453.8 km. The road land-
scape engineering system is located within two
physical and geographical zones: Forest-Steppe
and Steppe. Such a spatial location contributes to
a variety of climatic indicators, including those
affecting the formation of the snow cover of the
road landscape engineering system of Kyiv-
Odesa. Snow cover in some years can be formed
from 20-30 to 130-160 days; the average duration
of snow cover is 60-70 days with a height of 12-
15 cm [3, 159-169]. During this period there is
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accumulation of chemical elements on the surface
of snow, and at above-zero temperature the snow
dissolves with the pollutants and falls into the soil
where there is an exchange in the system: snow —
water — soil — plant.

3 natural areas which adjoined directly to the

Kyiv - Odesa highway are selected to study the
chemical elements in the snow cover. The first
local area is near the city of Bila Tserkva (Kyiv
region); the second - in the surrounding of the city
of Uman on the fork "Clover leaf" (Cherkasy re-
gion), where the road of international importance
Stryi — Ternopil — Kropyvnytskyi — Znamyanka
crosses with M — 05 highway; the third area is
located near the urban village of Kryve Ozero on
the fork "Clover's leaf" where the M — 05 highway
and the P — 75 road of regional significance
(Slobidka — Balta — Kryve Ozero — Pervomaisk —
Domanika — Oleksandrivka) are crossed. Samples
of the snow were taken at a depth of 0-10 cm with
a fivefold repeat in a glass container with signed
labels at a distance of 5-10 m from the roadbed of
the highway. The analyses were performed in
Uman City-District Department of Public Institu-
tion “Cherkasy Regional Laboratory Centre of the
Ministry of Health of Ukraine”. The general loca-
tion of the studied areas at a distance of 120 km
from each other made it possible to record the
changes in accumulation of heavy metals in the
snow cover and allowed to monitor the quality of
snow at various parts of the Kyiv — Odesa road.
The winter during the study was snowy and
frosty, which made it possible to collect snow
samples in the second half of February. According
to the results of the research on the chemical
composition of water in the samples, the follow-
ing elements were found: heavy metals (Cu, Mg
and Fe), calcium (Ca), magnesium (Mg), chlo-
rides (Cl-), sulfates (SO,,), ammonia (NHj;), ni-
trates (NOs.), fluorides, nitrites (NO,.) and man-
ganese (Mn).
Heavy metals (HM) include a group of chemical
elements that are heavier than iron (at 2.0 to 3.7
times by atomic weight and 1.1 to 1.7 times by
density). HMs are divided into four groups of
toxicity: very high level of toxicity (Cd, Hg, Pb,
Cu, Thi, Sn, Cr, Ag, Sb); high degree of danger
(Bi, U, Mo, Ba, Mn, Ti, Se, Te); the average de-
gree of danger (Rb, As, W) and low degree of
danger (Sr, Nb, Zr). The snow cover was repre-
sented by such heavy metals as: zinc, copper and
iron. The research found chemical elements of
heavy metals, which belong to the first and second
classes of danger and are one of the main envi-
ronmental pollutants.
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Table 1

Results of iron content determination

Sample Date of | Content of Fe, mg/dm’
number | selection MPC — 0,3 mg/dm’

1 24.02.2017 <0,1

2 24.02.2017 <0,1

3 24.02.2017 <0,1

The results showed that the amount of iron in the
snow cover in the background areas is small
enough and is within the limits of the MPC norm

(Table 1).
Table 2
Results of magnesium content
determination (Mg)
Sample | Date of | Content of Mg, mg/dm’
number | selection MPC — 20 mg/dm’
1 24.02.2017 1,2
2 24.02.2017 1,2
3 24.02.2017 1,2

The content of magnesium in the snow cover on
all background areas is within the normal range,
and does not exceed the MPC (Table 2).

Table 3

Results of calcium content determination (Ca)

Sample | Date of | Content of Ca, mg/dm’
number | selection MPC — 3,5 mg/dm’

1 24.02.2017 8,0

2 24.02.2017 2,0

3 24.02.2017 4,0

Calcium in the snow cover changes its indexes

from 8.0 to 2.0 mg / dm’ (Table 3). The largest
index is in the Kyiv region near the city of Bila
Tserkva. This is dueto the fact that onthe ou-
skirts of this city there is a plant in production of
tires and rubber products. All spent chemical ele-
ments from the plant are moved by air masses and
settled in the suburban area. Also, the exhaust
gases of vehicles influence the calcium increase in
the snow cover.

Table 4

Results of chlorides content
determination (Cl-)

Sample Date of | Content of CI-,
number selection mg/dm’

MPC — 350 mg/dm’
1 24.02.2017 7,0
2 24.02.2017 12,0
3 24.02.2017 15,0

A significant amount of chlorine ions in all ar-
eas of the study is due to the use of anti-icing
agents in winter time, such as sand and salt mix-
ture — (15% of salt and 85% of sand, with resi-
due). Since the areas 2 and 3 are located at the
junction of highways of international and regional
importance, the requirements are increased for the
roadway in winter period, and the road services
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strew the roads with a road mixture of greater
quantities (Table 4).

Table 5
Results of sulfate content determination (SQ,.,)
Sample | Date of | Content of SOy,
number | selection mg/dm’

MPC — 500 mg/dm’

1 24.02.2017 4,8
2 24.02.2017 12,0
3 24.02.2017 0,9

A considerable amount of acid residues is
found in Uman city at the fork “Clover leaf” (Ta-
ble 5). The high content of SO, is explained by
the fact that the traffic flow goes not only along
the highway M — 05 and M — 12, but there is an
entrance to the city where there is an upgrade.
Besides there is a traffic police checkpoint as
well, where a minimum speed of 50 km/h is estab-
lished, and the amount of harmful substances from
the car increases when braking and accelerating of
a car. The smallest number is observed on the fork
"Clover leaf " of the M — 05 highway and the R —
06 road near the town of Kryve Ozero. This is due
to the fact that the traffic is not only intense, but
continuous and the emissions from the car are
much less than when going up or accelerating of a
car.

Table 6
The chemical composition of the snow cover of

the M - 05 highway

pH e & _ | Main ions, mg-eq /dm’
L5 £="g
[N s} o 5 o
g € S S5
3 2 £ E
3 » | .| g
2 |3 S |5 |0 |z
1 8,45 | 0,61 4,8 0,002 | 8,0 1,2 7,0 2,25
2 734 1050 |65 ]0,002 |20 |12 | 12,0 | 2739
3 776 | 0,55 | 09 | 0,002 |40 |12 | 150 | 225

As we can see from table 6, the most polluted
section of the highway is located in the city of
Uman. The load with vehicles is double at the
junction of Kyiv — Odesa, where the road of inter-
national significance Stryi — Ternopil -
Kropyvnytskyi — Znamyanka and the M — 05
highway are crossed. Indexes of ammonia, ni-
trites, manganese phenols, petroleum products are
within the norm in accordance with the MPC. The
medium is neutral in all snow samples. Only the
medium of the first area is close to alkaline medi-
um.

Conclusions. The content of heavy metals,
ammonia, nitrites, manganese phenols, petroleum
products on all areas of the study is within the
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normal range and does not exceed the MPC., there
is the high chloride content due to the use of sub-
stances - against icing on the area near the city of
Uman on the fork “Clover leaf”, where the road of
international importance Stryi — Ternopil —
Kropyvnytskyi — Znamyanka crosses with M — 05
highway, and near the urban village of Kryve
Ozero on the fork "Clover's leaf" where the Kyiv
— Odesa highway and the P-75 road (Slobidka —
Balta — Kryve Ozero — Pervomaisk — Domanika —
Oleksandrivka) are crossed. Also, the following
chemical elements in the snow of the road land-
scape engineering system of Kyiv — Odesa have
been found as: Cu, Mg, Fe Ca, Mg, chlorides,
sulfates, ammonia, nitrates, fluorides, nitrites and
manganese. The pH medium was studied; the
overall hardness was given and weighed materials
for each area of the study were determined.

The comparative characteristic for objective
assessment of the content of chemical elements in
the snow cover of the roadside areas of the Kyiv —
Odesa highway can be taken as the basis with the
background indicator, but it does not exist. There-
fore, the normative documents of the relevant
state standards and methodology of Yu. V.
Novikova, K. O. Lastochkina and Z.N. Boldina on
the research of water quality in reservoirs were
selected. The comparative analysis was carried
out on the basis of this methodology, which in our
opinion is successful, and promising for the fur-
ther rational use of the road landscape engineering
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system of Kyiv — Odesa.

Pycaana Jlinypa. I'eoxiMmiunuii aHadi3 CHiIroBoro mokpuBY y MeKaxX JAOPO:KHLOI JaHAIIA(THO-
inxxenepHoi cucremu KuiB — Oneca. Po3rstHyTo BMICT XIMIYHUX €JIEMEHTIB y BITHOCHO YUCTOMY CHITOBO-
My TIOKPHBI, il BILTABOM HABKOJMIIIHIX YNHHUKIB, HA TIPUKIIAAl TPUIOPOKHLOI cMyTH aBrogoporu Kui —
Opneca. [IpoananizoBaHo MoAiIOHI TOCHIHPKEHHS 3aKOPJJOHHUX Ta BITUM3HSHWUX BYeHHX. [IpoBeneHO reoximi-
YHi aHAJI3M HAa TPHOX HATYPHHUX MIISHKAX: rmepira moomu3y M. bina [epksa (Kuickka 00:71.); npyra HaTypHa
JUISHKA 30CepekeHa B OKOJHMIAX M. YMaHb Ha po3Buii «Jluct korromman» (Yepkackka o01.), A€ nepeTu-
HA€eTHCS Jopora Mi>kHapogHoro 3HadeHHs1 Ctpuii — Tepronins — KponuBHuIbKHI — 3HaM’sIHKa 13 aBTOTpa-
coro M — 05; Tpers miisHKa posraiioBaHa 1ooau3y cMT Kpuse O3epo Ha po3Buill «JIMCT KOHIOIIMHMY [I€
MEePEeTUHAIOTLCS aBTOTpaca M—05 i3 aBTOomOpOror perioHanbHOro 3uaueHHs P —75 (CnobGigka — banra —
Kpuse Ozepo — IlepBomaiicek — Jlomanika — Onekcannapiska). 3abip cHIiry BizOyBaBcsl y ApYriil mogoBHHI
moToro Ha Biactani 10 M Bix monotHa aBTomoporu Ha riubuHi 0 — 10 oM, i3 I’ ATHKPAaTHOIO OBTOPIOBaHiC-
TI0. AHaJII3U BUKOHYBaJH B YMaHCbKOMY MichkpaiionHoMy Bijaini 1Y «Uepkackkuit OJIL] MO3 Ykpaian».
[IpoBeneHi mocmimKeHHs: TOKa3ajH, U0 Y CHIrOBOMY MOKPUBI NPUCYTHI TaKi BaXKKi XiMi4Hi €JIeMEHTH: Kajb-
Iid, MarHid, XJaopumu, cynbdaru, amiak, HiTpaTH, (TOPUAM, HITPUTH Ta MapraHein. Hitputh, droputw,
amiak, HaTONPOYKTH (HEHOJIN 3HAXOATHCA y MeXax HOpMH Ta He nepeBuInyroth [JIK. OqHak nesiki moka-
3HUKW BUXOJATH 3a TPAaHUYHO OIMYCTHMY KOHIICHTPAIIIIO: 10HW XJIOPUIY ITiABUINCHI HAa AUISHKaX 2 Ta 3;
MOKA3HUK Cyib(aTiB HAHOUIbIIMK Y ApyTii (POHOBIH JIISIHIN; TOKa3HUK HITPATIB HAWBHUIUHN y TPETIH Jins-
HIIi; HaitHWk4Ye pH cepenoBuine y Mexax APYyToi MIJISTHKY, HAMBUIIMKA MOKa3HUK pH y TpeTi 1 HabmmKeHni
BiH J0O JYKHOTO cepeioBuia. ['€oxiMiuHI JOCITIHKEHHS CHITOBOTO ITOKPHUBY IOPOKHBOI JIaHIIIA(PTHO-
imkeHepHoi cucteMu KuiB — Oneca paHime He TPOBOAWIN, OJHAK 1€ € aKTyaJbHOIO MPOOJIEMOI0 CHOTOCH-
HSL

Kurouogi cioBa: apromarictpanbs KuiB — Oneca, mopoxHii aHmmadT, mpuMarictpaabHa cMyTa, BaKKi
METaJIH, CHITOBHH ITOKPHB, MiJb, KaJIMil, IIMHK, PO3IIOBCIOPKCHHS, KOHIICHTPAITis.
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Pycaana quaypa. I'eoxuMu4ecKkuil aHAJIU3 CHEKHOI0 MIOKPOBa B Mpe/esax J0po:KHOM Janamadr-
HO-MHKeHepHoIl cucTteMbl KneB — Opmecca. PaccMOTpeHs! cofiepkaHie XUMHUECKHUX DJIEMEHTOB B OTHOCH-
TEJNBHO YMCTOM CHEXHOM IOKPOBE, MOJ BIMSHHEM OKPYXarOIMX (akTOpOB, HA MPUMEPE MPUIAOPOKHOU
nostockl aBTooporu Kues - Onecca. [IpoananisupoBaHel HOZOOHBIE HCCIIEIOBAHUS 3apyOeKHBIX U OTede-
CTBEHHBIX y4eHBIX. [IpoBeIeHO reoXMMHYECKHE aHATM3bl Ha TPEX HATYpPHBIX YYacTKax: IepBas BOJIU3H
r.benas Llepkoss (KueBckas 0011.) BTopasi HaTypHash TOYKa COCPENOTOYEHA B OKPECTHOCTAX I. YMaHb Ha
pasBmiike «JIuct knesepay (Uepkacckas 0011.), Tie mepeceKkaeTcs 10pora MexX IyHapoaHoro 3HadeHuss CTpbIit
- Tepromois - KponuBuutikuii - 3HameHka ¢ aBToTpaccoil M - 05; TpeTHii y9acTOK pacrojioKeH BOIU3H III'T
Kpusoe O3epo Ha pasBuike «JIuct kineBepa», riae nepecekarorcst aBrorpacca M-05 ¢ aBTogoporoil perno-
HanbHOTO 3HaueHus P-75 (CnoGoaka - banra - KpuBoe Ozepo - IlepBomaiick - Jlomanuka - AjnexcaHaApOB-
Ka). 3a00p cHera MPOMCXOIUI BO BTOPOH mojoBuHE (peBpasis Ha paccTosHUU 10 M OT TOJIOTHA aBTOAOPOTH
Ha riryoune 0 - 10 cM, ¢ ISTUKPaTHONW MOBTOPSIEMOCTBIO. AHATIM3BI BBIIOIHSIA B Y MAHCKOM pallOHHOM OT-
nene I'Y «Uepkacckuit OJILL MO3 VYkpaune». [IpoBeneHHbIE HCCIIEAOBaHUS MOKAa3aJd, YTO B CHEKHOM
MOKPOBE MPHUCYTCTBYIOT TAKUE TSDKENbIC XUMHUYECKHE DJIEMEHTHI: KalblMi, MarHUd, XJIOPHIBI, CYIb(aThl,
aMMHaK, HUTPAThI, GTOPHUIBI, HUTPUTH U Mapraen. HUTpuTel, GTOpUTHI, aMMHaK, HEYTETPOAYKTHI (EHOIBI
Haxo4aTcs B mpenenax HopMbl U He npesbimaror [IJIK. OnHako HEKOTOpbIE MOKa3aTean BBIXOIAT 3a Ipe-
JIeNTBHO JIOMYCTAMYIO KOHIICHTPAIIMIO: HOHBI XJIOPH/IA TIOBBIIICHBI HA YYacTKax 2 1 3; Mmoka3aTeib CyabpaToB
KpYITHEWIIHiA B BTOPOi (POHOBOM 00JacTH; MmoKa3areib HUTPATOB BBHICOKUH B TPETheM ydacTke; Hu3koe pH
cpeadpl B Mpeenax BTOPOrO y4dacTKa, CaMblii BEICOKMH IMokaszarenb pH B TpeTheil n npuOIkeH OH K Hel-
TpaJibHOH cpenbl. ['eoxumuyeckue ucciief0BaHNsl CHEKHOTO TOKPOBa JOPOXKHOM JaHAad THO-HHKEHEPHON
cuctembl Kues - Onecca panee He IPOBOJIMIM, OJHAKO 3TO SABJISETCA aKTyalbHOM MPpoOIeMoil cCoBpeMeHHO-
CTH.

KiroueBblie ciioBa: apromaructpans Kues - Onecca, 1opoxHbIN JaHAmadT, IpUMarucTpaibHas 1oJo-
ca, TSKellble MeTaJlJIbl, CHEXHBIN TTOKPOB, Melb, KaAMHUH, IUHK, paCIIPOCTpaHEHHE, KOHIICHTPALIHS.
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