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Abstract

Industrial activity and emissions of road transport is one of the major sources of pollution in urban ecosystems and poses
a significant threat to the health of urban populations due to dust emissions into the atmosphere. The high cumulative
capacity of toxic metals, in particular the plumbum, leads to its entry into the atmospheric air, soil and groundwater, and
ultimately to accumulation in the tissues and organs of plant organisms. There is a correlation between the content of
toxic metals in the atmospheric air and their fallout within the sanitary protection zone of industrial and motor transport
enterprises and distribution throughout the urban ecosystem. Snow cover stores pollution, thus, it is often used to assess
the state of the air. The layer-by-layer sampling of the snow cover allows determining the pollution dynamics and the
influence of the production capacities of enterprises on the state of the urban ecosystem. The bioassay methods using
plant organisms as test objects is based on their sensitivity to exogenous chemical effects and is reflected in the response
of plants to pollutants. Determination of physico-chemical parameters of the snow cover and calculation of phytotoxic
effect based on the phytotesting methods allows to detect not only the presence of toxic metals in the snow cover, but also
to obtain reliable information about their distribution in the atmospheric air of cities. According to the researches results,
the indexes for the lengths of Lepidium sativum shoots were obtained. The test object was germinated in a snow cover
sampled at a distance of 5 to 50 m near the WOG filling station enterprise. The data obtained were compared with the
values of the shoots length of test objects germinated in snow samples from the territory of the park area. It was
established that the level of atmospheric air pollution with toxic metals is the highest at a distance of 50 m from WOG
filling station. The physico-chemical parameters of the snow cover and the phytotoxic effect indicate a high probability
of toxic metals entry into the atmospheric air beyond the limits of the sanitary protection zone of WOG filling station and
into the residential areas.

Keywords: phytoindication; test object; snow cover; phytotoxic effect; garden cress (Lepidium sativum); urban
ecosystem

1. Introduction cover is determined by relatively simple methods
with a high degree of reliability, especially since there
is a limited number of stationary posts in the
conditions of large cities with complex industrial-
residential housing, which does not allow to obtain
reliable information on the spatial distribution of
polluting substances across the polluted areas [1]. The
use of bio-indicative monitoring methods, in
particular phytotesting using garden cress (Lepidium
sativum) as a sensitive test object will allow to carry
out cheap and easy environment quality control for
the presence of toxic substances in the snow cover
continuously and without prior identification of

According to the results of geochemical and hygienic
studies, many scientists note the dependence between
the content of toxic metals in the atmospheric air and
their atmospheric fallout in the territory of cities,
which is fixed in the form of anomalies in the snow
cover as a natural environment [1]. During the
formation and fall of snow due to processes of dry and
wet washing, the concentration of pollutants in it is
usually 2-3 times higher than in atmospheric air, since
the snow cover deposits pollution, allowing to assess
the conditions of the atmospheric air [2]. Layered
sampling from the snow cover provides prospects for

obtaining data on the dynamics of atmospheric air
pollution in the cities during the winter, and sampling
over the entire area of snow cover provides the
opportunity to obtain pollution data from the
formation of a stable snow cover until the time of
sampling. The content of toxic substances in the snow

specific substances or physical effects [3].
2. Analysis of research and publications

From the geological standpoint, snow was first
studied by P.N. Chyrvinskyi, who considered snow as
an integral part of the system: the atmosphere - the
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soil - the aquifer [4]. Issues of pollution monitoring in
snow cover are revealed in scientific works of V.N.
Vasylenko, I.M. Nazarov [5]; V.M. Artemov, etc. [6].
According to E.I. Yehorova [7], the cumulative effect
for a variety of influences can be estimated only by
ILN. Tarasenko
biotesting in his work [8] as an introduction to a more

biotesting methods. considers

detailed and comprehensive analysis for the chemical
composition of atmospheric air, soil or water. Control
and evaluation of phytotoxic potential of the
biospheric components are covered in many scientific
works of domestic and foreign authors [9 - 14].

3. Materials and methods

Snow cover samples were obtained taking into
account the boundaries of the gas station's sanitary
protection zone [15]. The sampling density was 1-5
samples per km? due to the possibility for detecting
the contamination epicenter. Samples were taken at
the full capacity of the snow sampler, and the area
of the exploratory well and snow day were recorded.
The length and width dof the hole were measured to
calculate the area on which the fallout from the
atmosphere is projected. The samples weight
reached 6 kg, which allowed to obtain a mass of
fallout sufficient for analysis. The sampling date was
clearly recorded to determine the time of
accumulation in the snow cover. The samples were
melted and centrifuged to remove the solid
precipitation fraction. The organoleptic index (odor)
of snow samples was evaluated using a 5-point scale.
Chemical methods were used for determining the pH
index (pH) [15].

Phyto-testing of the snow cover using the test
object was carried out for 10 days. A batch of garden
tested for

germination. 90-95% of seedlings sprouted from the

cress taken for experiments was
sown seeds were taken as the norm [3].

After measuring for each of the investigated
variants, the mean length of the aboveground and root
parts X + m was calculated, where m is the arithmetic

mean error, which was determined using the formula:

m=v, (1)

where N — the number of results; 6> — the variance
defined using the expression:

N 2
o2 = L= )

N

The significance t of the difference for the
arithmetic mean was calculated by the Student-Fisher
test:

X1 —X.
172 , (3)
m2+m3

where x| — the arithmetic mean of the indicator in the

t =

control experiment; X, — the arithmetic mean of the
indicator in the studied variant; m; — arithmetic error
in the control experiment; m, — the same in the variant
studied variant.

The phytotoxic effect was determined as a
percentage by one bioparameter - shoot length, and
was calculated using the formula:

PhE =25 100% , (4)

where M, — the value of bioparameter (plant mass,
height of shoots, root length, etc.) in the vessel with
the control substrate; My — the value of a similar
bioparameter in the vessel with the test substrate.

4. Results and discussion

Shevchenkivskyi district is one of the central
districts of Kyiv and covers an area of 2,7 thousand
hectares, with a population of 233,500 people.
Shevchenkivskyi  district  combines  high-
productivity industry (Table 1) and construction,
printing production and branched trade, health care
services, a wide network of
educational and cultural institutions.

Thus, the industry of the district includes
various enterprises in Kyiv, in particular, State-
owned enterprise Artem, PJSC KZBN "Rosynka",
and JSC "NVK Kyiv Automation Plant named after
H.I. Petrovsky”, OJSC CEZ “Transsygnal”, SE
“Research Plant of Welding Materials named after
Ye.O. Paton”, SE Polygraph Enterprise “Ukraine”,
SE Press Publishing House, SE OJSC Kyivkhlib
Bakery and Confectionery Complex, SE OJSC
Kyivkhlib Experimental Bakery, JSC
Kyivmedpreparat [16].

and consumer
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Table 1
Enterprises of Shevchenkivskyi district of Kyiv
Number of enterprises, which reported using the Form 1P in 2018 - 59 companies
Sectoral structure of industry by types of economic activity Share, %
Industry 100.0
Processing industry: 15.8
food industry and processing of agricultural products 15.8
Consumer goods industry: 0.7
textile and sewing 0.7
leather and leather footwear manufacturing
Manufacture of wood and wood products 0.3
Pulp and paper, printing industry and publishing 24.7
Chemical and petrochemical industry: 22.5
chemical production 223
rubber and plastic products production 0.2
Manufacture of other non-metallic mineral products (building materials and glassware)
Metallurgy and metalworking 2.7
Mechanical engineering, repair and installation of machines and equipment 333
manufacture of machinery and equipment 2.5
manufacture of electrical and electronic equipment 5.8
manufacture of transport equipment 25.0

The threatening situation in the area is formed due
to the rapid increase in traffic flows. Residents living
in the immediate vicinity to the road interchange and
intersection with insufficient vehicle capability are
most affected. According to the results of
observations performed by the Central Geophysical
Observatory in  Shevchenkivskyi district, the
Permohy avenue, Peremohy Square and Bessarabska
Square are characterized by significant environmental
danger. Bessarabska Square is the most polluted place
in Kyiv, where the integral indicator of atmospheric
pollution is constantly characterized as high. The
levels of suspended solids, phenol, nitrogen dioxide
and formaldehyde exceed for at least double the
maximum permissible concentrations.

The general level of air pollution according to the
atmospheric  pollution index (API) in the
Shevchenkivskyi district of Kyiv is estimated as high
[17]. In general, the content of nitrogen dioxide,
formaldehyde, nitrogen oxide and phenol exceed the
average daily maximum permissible concentrations
(ADMPC) in the district. These are substances of 2
and 3 classes of danger, which are the most polluting
in the studied area throughout the year. Nitrogen
dioxide content at average and maximum
concentrations exceeds the corresponding MPC level
in all posts of Shevchenkivskyi district. The content
of heavy metals was below the admissible levels in
2018, and the average annual concentrations of
cadmium, iron, manganese, cuprum, nickel,
plumbum, chromium and zinc at all posts were at the

level 0of 0.0 - 0.1 ADMPC [17].

Exceedance in MPC for nitrogen dioxide, carbon
monoxide, formaldehyde dust is established for all
highways in the district. The largest exceedances
were found on the Sichovykh Striltsiv Str., O. Telihy
Str., Peremohy ave., B. Khmelnitsky Str., T.
Shevchenko Blvd. In the area of the industrial
enterprises influence within the Shevchenkivskyi
district, the content of nitrogen dioxide exceedes the
MPC for the following objects: PJSC
"Kyivoblenergo" 1, Stetsenko Str.; State-owned
enterprise Artem, 2/10, Melnykov Str.,; PE Company
"KIMS" 18-24, Dmytrivska Str.; WOG gas station
11-B  Peremohy ave.; AMIS gas station 53,
Dehtyarivska Str.; AMIS gas station 46/48, Tabirna
Str.; Plastmash PJSC; MAUP boiler house.

Considering that the snow cover composition
varies depending on its distance from the source of
pollution, snow samples were taken at sites of at least
1 m? at a distance of 5, 10, 20 and 50 m from the
WOG gas station in order to obtain reliable data on
the air pollution level. The control sample was a
sample taken in the A.V. Fomin Botanical Garden.
The contact time for the snow cover with the
environment from the time of snowfall to sampling
was 10 days in late January and 14 days in mid-
February. The study found that the highest content of
soluble impurities was observed in the sample taken
at a distance of 5 m from the gas station in January,
whereas in February, the highest content of dissolved
impurities was observed for the samples taken at a
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distance of 50 m from the gas station. The lowest
soluble impurity content was detected in the control
sample. Such indicators are related not only to the
activity of the gas station, but also with the presence
of intensive road traffic at the Peremohy Avenue.

Analyzing the pH in snow cover, it was noted that
it can be caused by the presence of not only by solids,
but also by gaseous pollutants in the atmosphere: SO-,
CO, CO3, N,O, NO, NO,, which will be transferred
into the soil environment after snowmelt. Pure snow,
like pure rain water, has a pH = 5.6, due to the
presence of CO, in the air, which acidifies
precipitation [15]. If the concentration of nitrogen
oxides, sulfur dioxide and other acidic substances in
the air is high, the snow will have a pH value of <5.6.
In cases, when a pH of snow is above 5.6 there is a
probability of its contamination with metal oxides.
The average pH in the tested snow samples ranged
from 5.25 (5-10 m from the gas station) to 5.75 (20 m
from the gas station), proving the heterogeneity of the
pollutants distribution and the extreme impact of road
transport emissions. Thus, most of the snow samples
taken at a distance of 5 and 10 m from the gas station
in January and estimated by their pH index contain
nitrogen oxides and sulfur dioxide. Alkaline
environment and metal oxide contamination were
detected in samples taken at a distance of 20 m from
the gas station in January and February.

The evaluation of organoleptic parameters for
snowfall samples according to DSTU ISO 7027: 2003
“Water quality. The definition of turbidity” revealed
that the high level of transparency comparing to other
samples differs for snow water of the control sample
[18]. High turbidity is observed in samples taken near
the gas station at a distance of 5 m and 10 m, which
may be explained by the presence of inorganic and
organic fine suspensions, sand, clay, inorganic
compounds (aluminum hydroxide, carbonates of
various metals), as well as organic impurities,
oxidation of iron and manganese compounds with
oxygen in the air. The most intense earthy odor was
recorded in samples taken in January in the area
closest to the gas station (5 and 10 m). In the rest of

the samples, the smell of snowmelt water also had a
natural origin, which is associated with the activity of
living and dead organisms, the presence of plant
residues, specific substances released by certain
microorganisms.

Plants as primary links of trophic chains play a
major role in the absorption of various substances and
are the most convenient environmental pollution
indicators. Therefore, using the plants permits to
perform the accurate assessment of the environmental
situation in the study area. The purpose of the growth
test is to track the changes in the germination indices
of the indicator plant grown on the samples of soil,
water, water extracts of soil, etc. This method allows
to evaluate both the inhibitory and the stimulating
effect of various pollutants on plants.

The level of contamination in the snow cover at
the WOG gas station was determined by the method
of T.Ya. Ashihmina using garden cress seeds. The
experiment was carried out for 10 days, after melting
snow and reaching room temperature of snowmelt
water. 50 seeds of garden cress were placed in Petri
dishes on filter paper moistened in the test samples of
snowmelt water. The length of the shoots was
measured after 24 hours, and then every day
throughout the allotted time for the experiment. The
length of the shoots was measured using a caliper to
the nearest 0.1 cm.

Analyzing the reaction of the test object to the
toxic metals content in the snow cover sampled at
different distances from the gas station, it was
established that the degree of growth inhibition of the
plant organisms is about 53% in January and more
than 60% in February compared to the control. It
should be noted that the highest percentage of
inhibition was observed for plants sprouted in
samples taken at 10 and 50 m distance from the source
of contamination in January and February.

Based on the obtained data, the phytotoxic effect
of the gas station emissions on the garden cress as a
sensitive indicator for the toxicity of toxic metals in
the environment was calculated (Table 2).

Table 2

Phytotoxic effect

WOG gas station (Shevchenkivskyi district of Kyiv)

Parameter Garden cress (%) (January) Garden cress (%) (February)
S5m 10 m 20 m 50 m S5m 10 m 20 m 50 m
PhE 46.48 56.34 36.62 49.30 21.03 66.67 28.21 30.77




O. Barabash. Ecological Hazard Assessment of the Atmospheric Air at the Urban Ecosystem by the State of the Deposit Environment 61

Thus, the growth inhibition in comparison with the
control were the most significant in the samples taken
at a distance of 10 and 50 m from the pollution source.

5. Conclusions

It was established that the level of pollution of the
atmospheric air by toxic metals is relatively high both
near and at a distance from the gas station located in
the Shevchenkivskyi district of Kyiv. The obtained
results for the lengths of shoots, physicochemical
indicators of snow cover and phytotoxic effect of the
activity of the “WOG” gas station on plant organisms
in comparison with the control sample indicate a high
likelihood of presence of toxic metals in the
atmosphere both outside the sanitary zone and the
within the residential area of the district.
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Oninka ekoJIoTiyHOi HeOe3mekn aTMOC(EpPHOro MOBITPsi ypPOOEKOCHCTEMH 32 CTAHOM JEMOHYI0UYOI0
cepe0BHUILA

HarionansHuit TpaHCTIOPTHUHA yHiBepcuTeT, By, M. OmensHoBu4a-I1aBnenka, 1, Kuis, Ykpaina, 01010
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JistmpHICTE TPOMUCIIOBHUX MiANPHEMCTB Ta BUKHIX aBTOMOOUIBHOTO TPAHCIIOPTY € OCHOBHUMH JKEpErnaMu
3a0pyaHEHHS YPOOEKOCUCTEM 1 CTAHOBJIITH CYTTEBY 3arpo3y 3I0POB'I0 HACEIECHHS MICT B pe3yibTaTi emicil
nwty B atMmocdepy. Bucoka KyMyJsTHBHA 30aTHICTh TOKCHYHUX METalliB, 30KpeMa IIIoMOyMYy MPHU3BOAUTH
0 0oT0 HaIXOMKEHHS B aTMOCQepHe IMOBITPS, IPYHTH Ta IMiJ3€MHI BOIM, a B KiHIIEBOMY MiACYMKY — IO
HaKOIMYEHHS B TKaHMHAX Ta OpraHax POCIMHHHX OpraHi3Max. ICHye 3aJIeXHICTh MiXK BMICTOM TOKCHYHHX
MeTaniB B aTMOC(EepHOMY TOBITpI 1 BUMAAIHHIM iX B MEKaX CaHITApHO-3aXHUCHOI 30HU MPOMHCIOBUX Ta
ABTOTPAHCIIOPTHUX TMiINPUEMCTB M PO3MOBCIOKEHHAM IO BCii Teputopii ypOoekocuctemu. CHIroBHi
[IOKPUB [ICTIOHY€ 3a0pyIHEHHS, TOMY OOCHUTh 4acTO BHUKOPHCTOBYETHCS Ul NPOBEICHHS OLIHKH CTaHy
arMocdepHoro mositps. [lomapoBuii Bindip mMpod CHITOBOTO MOKPHBY [O3BOJISIE BCTAHOBHUTH THUHAMIKY
3a0pyIHEHHS Ta BIUIUB BUPOOHMYMX MOTYXKHOCTEH MiANMPUEMCTB Ha CTaH ypOOeKoCHCTEMH. 3aCTOCYBaHHS
METOJIiB 0iOTeCTyBaHHS 3a JOMOMOTOI POCIMHHUX OPraHi3MiB, SIKi BUKOPHUCTOBYIOTHCS B SIKOCTI TeCT-
00’€KTiB 3aCHOBaHE Ha iX UyTJIIMBOCTI IO €K30T€HHOTO XiIMIYHOTO BIUIMBY 1 BiOOpa)XyeThbcs B peakilii-
BiJTOBi1 pOCIIHMH Ha 3a0pyIHIOIOYI peuoBHHHU. Bu3HaueHHs (i3MKO-XiMiYHUX TOKa3HUKIB CHITOBOTO TIOKPHUBY
Ta po3paxyHOK (PiTOTOKCHYHOTO e(peKTy Ha OCHOBI METOHIB (piTOTEeCTyBaHHS IO3BOJISE BUSBUTH HE JUIIC
MIPUCYTHICTh y CHITOBOMY ITOKPHBI TOKCHYHHX METAJIiB, ajlec 1 OTpUMATH MOCTOBIpHY iH(OpMaIlito mpo ix
po3mnoai B aTMOC(hEpHOMY TOBITPI MicT. 3a pe3yibTaTaMH MPOBEACHHUX JOCIIHKEHb OTPUMAHO IMOKA3HUKH
noBxHHM maroHiB Lepidium sativum. Tect-06’ekt OyB mpopouieHuil y mpodax CHIrOBOrO MOKPHUBY
BinmiOpanoro Ha Binmctani 5-50 M noommsy mianpuemcrBa A3C «WOG». OTpumaHni JaHi TOPiBHIOBAIUCH 13
3HAYEHHSIMH JIOBXXHHU TAaroHiB TECT-00’€KTiB MPOPOLICHUX y Mpo0ax CHIry 3 TepHTOpil MapKOBOI 30HH.
BcranoBneHo, 1m0 piBeHb 3a0pyJHEHHS! aTMOC(H)EPHOTO MOBITPSI TOKCHYHUMH MeTallaMH Ha BizncTani 50 M Bif
A3C «WOG € mnaitBumum. Di3UKO-XiMi4HI TOKa3HUKH CHITOBOTO IOKPHBY Ta (ITOTOKCHYHUI edeKT
BKa3yIOTh Ha BHCOKY WMOBIPHICTh TOTPAIUISHHS TOKCHYHMX METalliB B arMoc(epHe IMOBITPS 3a MeEXi
canitapHo-3axucHOi 30HU A3C «WOG».

KurouoBi ciaoBa: QiToiHmuKamisi, TECT-00’€KT, CHITOBHM MOKPHUB, (DITOTOKCHYHHWHA e(deKT, Kpec-cajiaT
(Lepidium sativum), ypboekocucteMa

E. B. bBapatam

OneHka 3K0J10rn4ecKoil 0IIaCHOCTH ATMOC(EPHOro BO31yXa YPO03IKOCHCTEMbI 110 COCTOSIHUIO
JeNOHMPYIoLIeil cpeabl

Haunonanbubli TpaHCIOPTHBIN YHUBEPCUTET, Y. OMmensnoBuua-IlaBnenka, 1, Kues, Ykpauna, 01010
E-mail: el _barabash@ukr.net

JesaTensHOCTs TPOMBIIUICHHBIX TPEANPHUATHA HW BBHIOPOCH aBTOMOOWIBHOTO TPAHCIOPTa SBISIOTCS
OCHOBHBIMH HCTOYHHUKAMHU 3arpsA3HEHUST YPOOIKOCHUCTEM M COCTABIISIOT CYHIECTBEHHYIO YIpo3y 3/I0POBBIO
HaceJIeHHsI TOPOZOB B PE3yNbTaTe 3MHUCCHU MBUIM B atMocdepy. Bricokas KyMmyJsTHBHas criocOOHOCTh
TOKCHUYHBIX METAJIOB, B YACTHOCTH CBHHIIA IPUBOAMT K €T0 IMOCTYIUIEHUIO B aTMOC(EPHBI BO3AYX, TOYBHI U
[IO/I3eMHbIE BOJBI, @ B KOHEUHOM WUTOTE - K HAKOIJICHHIO B TKaHSIX W OpraHax pacTHUTEIbHBIX OpraHU3Max.
CymecTByeT 3aBUCHMOCTh MEXKIy COJEp)KaHHEM TOKCHYHBIX METaUIOB B aTMOC(EPHOM BO3AyXE H
BBINIAJICHUEM WX B IIpelenax CaHWTapHO-3aIIUTHONH 30HBI TPOMBINUICHHBIX M aBTOTPAHCIIOPTHBIX
MIPEeNNPHUATHH, a TaK K€ WX PaCIpPOCTPAHEHHWEM IO BCEW TEPPUTOPHH ypOoIKocucTeMbl. CHEXHBIN ITOKPOB
JNETIOHUPYET 3arpsA3HEHUs, MO3TOMY JOBOJIBHO YacTO MCIOJIB3YETCS Ui NMPOBEACHHUS OLEHKH COCTOSHUS
atMocteproro Bo3ayxa. [locioitHprii 0TOOp MPoO CHEXHOTO MOKPOBa MO3BOJSET YCTAHOBUTH AMHAMUKY
3arpsi3HEHMsI M BJIMSTHAE TPOW3BOJCTBEHHBIX MOIIHOCTEW MPEANPHUATHIA HAa COCTOSHUE ypPOOIKOCHCTEMBI.
[Ipumenenue MeTo10B OMOTECTUPOBAHUS C TOMOIIBIO PACTUTENBHBIX OPTaHU3MOB, UCTIOIH3yEMbIX B KAUECTBE
TECT-0O0BbEKTOB OCHOBAaHO HAa MX YYBCTBUTEIBHOCTH K OSK30I€HHOMY XHMHUYECKOMY BO3ICHCTBUIO U
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oToOpakaeTcsi B BHJIE PEaKIU-OTBETOB pACTCHHMI Ha 3arps3Hsionue BemiectBa. OmnpeneneHue (HU3HKO-
XIMHYECKUX TIOKa3aTelieil CHE)KHOTO MOKPOBa M pacdeT (PUTOTOKCHUECKOro 3dexTa Ha OCHOBE METO/IOB
(buTOTECTHPOBAHUS TTO3BOJISIET BEISIBUTH HE TOJIHKO HAIMYUE B CHEKHOM ITOKPOBE TOKCHYHBIX METAJIOB, HO U
MOJTyYUTh JIOCTOBEPHYIO MH(OpMAIUI0 00 UX pacmpeleliecHud B aTMOC(HEpHOM Bo3ayxe ropozos. [lo
pe3ylbTaTaM MpOBEICHHBIX UCCIIEIOBAaHUH MONTYYeHBI TOKa3aTeu AIuHBI ooeroB Lepidium sativum. Tect-
00BEKT OBUT MMPOPOILEH B CHE)KHOM ITOKPOBE OTOOPAHHOM Ha paccTostHu oT 5 10 50 M y npeanpusitust A3C
«WOG». [lomydeHHbIC TaHHBIE CPABHUBAIUCH CO 3HAYCHUSMU JJIMHBI TOOETOB TECT-00EKTOB MPOPOIICHHBIX
B Mpo0ax CHera ¢ TEPPUTOPUU MAPKOBOW 30HBI. Y CTAHOBIEHO, YTO YPOBEHH 3arpsi3HEHHsI aTMochepHOoro
BO3JIyXa TOKCHIHBIMH MeTaiuiaMu Ha paccTosaur 50 M oT A3C « WOG» sBIsETCS caMbIM BBICOKHM. DU3NKO-
XUMHUYCCKUE ITOKA3aTeIM CHEKHOIO TOKPOoBa M (PUTOTOKCHYECKUH 3(P(EKT yKa3pIBalOT Ha BBICOKYIO
BEPOSITHOCTD MONAAAHUS TOKCHYHBIX METAJNIOB 3a MPEAEIbl CAHUTAPHO-3aIIUTHON 30HEI A3C « WOG».

KiaroueBble ciaoBa: QUTOMHIUKAIUS, TECT-00BEKT, CHEXHBIN MOKPOB, (UTOTOKCHUYeCKUl 3ddekT, kpecc-
canar (Lepidium sativum), yp6oskocucrema
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