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Purpose. Determination of the relationships between the concentrations of Zn, Cu, Pb, Cd in the atmospheric air and in the
assimilative organs of the false acacia (Robinia pseudoacacia) trees — the most common species in the system of landscaping of
industrial cities. The objectives of the study included finding out the peculiarities of the spatial distribution of metal pollutants in
green spaces of Robinia pseudoacacia in Dnipro city.

Methodology. The study was conducted in the system of green spaces of the industrial city of Dnipro, in the atmospheric
air of which pollutants dominate, whose source is emissions from metallurgy, energy and motor transport. To carry out the
experiment, the method of atomic absorption spectrophotometry was used to determine the concentrations of heavy metals.
The trend of technogenic emissions into the atmosphere was estimated by statistical methods. The spatial distribution of ac-
cumulation of essential and toxic metals in the Robinia plantations of the industrial city was built on the basis of the obtained
experimental data.

Findings. Among the studied pollutants, the maximum concentration in the assimilation organs was found for Zn, whose range
was 15—30 mg-kg!. Almost the same level of accumulation was reached for Cu and for Pb: 3.9—17.2 and 8.6—10.8 mg-kg™!, respec-
tively. The presence of Cd, which is not an essential element, has been established, which allows considering Robinia plantations
as a potential depositor of Cu and Cd in conditions of polyelemental pollution of industrial cities.

Originality. It was established that Robinia plantations as an element of the green infrastructure of industrial cities are charac-
terized by the maximum effect of Cu (among other heavy metals) translocation and are effective potential depositors of Pb when
its normative values in the atmospheric air are exceeded..

Practical value. On the basis of the obtained experimental data, the spatial distribution of accumulation of metals as pollutants
in Robinia plantations was constructed, which can be considered in the plane of optimization of the state of atmospheric air in the
city. The cartographic materials that can be used by the subjects of environmental monitoring and green construction of industrial
cities were obtained.

Keywords: Robinia pseudoacacia, technogenic emissions, metal pollutants of atmospheric air, urban greening system, spatial distri-

bution of pollutants in green spaces

Introduction. Ecological risks of the environment are
caused by the technogenic factor — the increased level of at-
mospheric air and soil pollution. Industrial enterprises of min-
ing and metallurgical, fuel and energy, chemical sectors, and
transport are the main sources of air pollution in Dnipro.

The concept of environmental risk reduction in the study
area includes two components — risk assessment and risk
management.

Human health hazards associated with atmospheric pol-
lutants can arise mainly from the inhalation of metal ele-
ments together with dust, mainly in urban areas with high
population density [1]. Currently, phytotechnologies, or ap-
proaches based on the use of plants as objects of bioindica-
tion research, are attracting attention due to their economic
feasibility [2, 3]. Plants can be used as accumulators of par-
ticulate matter and associated pollutants, including toxic
metals, because the leaves themselves capture dust from the
environment [4].

Studies related to the absorption and accumulation of
heavy metals by plant organisms concern the problem of metal
transport through the root system [5]. However, in addition to
plant roots, metal elements are absorbed by aboveground plant
organs, among which foliar uptake is predominant. Xiong, et
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al. (2014) showed leaf accumulation of Cd, Zn and Pb [6].
Schreck, et al. (2012) showed foliar uptake of Zn, Cu, Cd and
Pb by different plant species [7]. Accumulation of metallic ele-
ments such as Cr, Cu and Pb in plant leaves occurs mainly as a
result of atmospheric dust deposition on the leaf surface
through stomata, cuticular cracks, lenticels, ectodesmata and
water pores [8].

Actually, according to a number of authors, metals can ac-
cumulate in plant leaves by leaf transfer through the deposition
of atmospheric particles on the leaf surface [9].

Most studies on metal uptake usually focus on metal con-
centration without investigating the pathways of their transfer
or focus exclusively on biomonitoring of precipitation. Foliar
uptake of heavy metals has been primarily evaluated for those
metals that are well known to play a significant role in plant
metabolic and biochemical reactions.

Several studies have reported foliar uptake of metals, in-
cluding Cu and Zn [10]. These metals penetrate the cuticle
and then accumulate in the leaf tissues of plants. It is known
that lead (Pb) and cadmium (Cd) can also enter the leaves of
plants by foliar transfer.

Xiong, et al. [6] and Edelstein, Ben-Hur [8] have made a
significant contribution to the study on the biogeochemical
behavior of heavy metal uptake by leaves with the establish-
ment of mechanisms of heavy metal uptake by plants, fac-
tors affecting the foliar uptake of heavy metals, transport,
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speciation and distribution of heavy metals within plants, as
well as toxicity and detoxification of heavy metals after leaf
uptake.

The level of heavy metals in the aboveground vegetative
organs of plants is often described in studies of environmental
risk assessment, which are presented in the form of indices of
atmospheric pollution [11]. In industrial regions, some au-
thors report that the concentrations of heavy metals in plant
tissues are several times higher than the threshold levels.

False acacia, an introducer from North America, occupies
a dominant position in the landscaping system of the Dnipro
city. This species is ecologically and economically feasible
when used in green construction of industrial cities of the nat-
ural zone of the Steppe of Ukraine.

The purpose of the work is to evaluate the relationship be-
tween the accumulation of metal elements (essential Cu and
Zn) and toxic (Cd and Pb) in the assimilative vegetative or-
gans of the false acacia and the concentrations of these ele-
ments in the atmospheric air of Dnipro city. The objectives of
the study were to find out the peculiarities of the spatial dis-
tribution of concentrations of metal elements in the aboveg-
round vegetative organs of Robinia plantations in the city of
Dnipro.

Research methods. The study was conducted in the period
2018—2020 in the city of Dnipro (natural zone — Northern
Steppe of Ukraine). The city is located in the zone of temper-
ate latitudes with a fairly active atmospheric circulation with a
predominant movement of air masses from east to west. The
climate is temperate continental. One of the features of the cli-
mate of the territory is significant fluctuations in weather con-
ditions from year to year. Moderately wet years alternate with
sharply arid years, dry winds are not uncommon. In general,
the climate is characterized by rather cool winters and hot
summers.

In the green spaces of Dnipro city, as an object of the re-
search, seven groups of model trees of Robinia common 20—
30 years old with similar morphological and taxonomic char-
acteristics were identified. Plots were established in 6 park
zones of Dnipro city and in the nature reserve “Dniprovsko-
Orilskyi”, which represented the whole range of habitats of
this species in the study area.

Site 1 is located in Druzhby Narodiv forest park. It is lo-
cated in the left-bank part of the city. The main stationary
source of emissions of harmful substances into the atmosphere
is the K. Liebknecht Pipe Rolling Plant.

Site 2 is located in Taras Shevchenko Central Park. Trees
are located in the central part of the park at a distance of 100 m
from the road.

Plot 3 is located in the park named after Lazar Hloba. It
belongs to the central part of the city, which is characterized by
heavy traffic.

Site 4 is located in the center of the Botanical Garden of
Oles Honchar National University. It belongs to the central
part of the city, which is characterized by intensive traffic of
motor transport port.

Site 5is located on the territory of the Park of the 40" an-
niversary of the liberation of Dnipropetrovsk at a distance of
50 m from the highway. It also belongs to the western right-
bank part of the city and is characterized by a large number of
industrial enterprises and intensive traffic.

Site 6 is located on the territory of Prydniprovskyi Park.
The largest source of emissions in this eastern part of the city
is the Prydniprovska TPP, which does not have a significant
impact on the pollution of the park, as emissions are carried
out through high pipes, which leads to the removal of the zone
of maximum pollution.

Site 7 is located on the territory of the nature reserve
“Dniprovsko-Orilskyi”. The territory of the reserve lies on
the left bank of the Dnipro River floodplain, outside the city
limits. There are no industrial enterprises within a radius of
50 km.

Material from five different model trees was collected on
each plot. Leaves of the middle formation of 20 pieces were
selected on the annual vegetative growth from the lower third
of the crown of the southern exposure in dry clear weather,
simultaneously from each experimental plot.

Leaf plates were dehydrated in porcelain crucibles using a
drying oven at ¢ = 100 °C. Using an AXIS ADS500 electronic
balance, the dry leaf residue was weighed to the nearest
0.001 g (the required mass for analysis was 0.5—1.0 g). Then
ashing was carried out in a muffle furnace at 7 = 450 °C. The
ash was poured into a conical flask and 0.5 ml of concentrated
nitric acid and 0.5 ml of distilled water were added. The re-
sulting solution was made up with 10 ml of distillate and fil-
tered with ashless filters, then the crucible was washed with
10 ml of distilled water and the volume of the solution was
made up to 25 ml. The content of such elements as Zn, Cu,
Pb, Cd was analyzed in the samples. The content of heavy
metals in leaf blades was determined using the method of
atomic absorption spectrophotometry on the spectropho-
tometer AAS-30 according to the standard method of
I. P. Khavezov (1983).

To assess environmental risks, the trend of anthropogenic
emissions into the atmosphere was analyzed. According to the
data of the Main Department of Statistics in Dnipropetrovsk
oblast, annual emissions of pollutants are estimated at 641.1—
3680.0 thousand tons, among which Zn and Pb dominate,
with emissions ranging from 59 to 34.8 thousand tons per year
(Zn) and from 8.2 to 18.4 thousand tons per year (Pb).

Comparison of the actual concentrations of the studied
metals in the atmospheric air of the city of Dnipro with the
values of the average daily maximum permissible concen-
tration in the atmospheric air made it possible to establish
the excess of legal environmental standards (Order of the
Ministry of Health of Ukraine No. 156/34439 as of
10.02.2020).

The concentration of Pb (/* hazard class) in the air of Dni-
pro city is in the range of 0.001—0.029 mg-m?>. Given the value
of the MPCs.d. of this element is 0.0003 mg-m?, the excess of
the normative value is critical and reaches 96 times.

The concentration of Cd (/* hazard class) in the air cor-
responds to the range of values 0.001—0.005 mg'm?>. Exceed-
ance of the MPCs.d. (0.003 mg - m®) is insignificant and
amounts to 1.6 times.

Cu content (2" hazard class) is 0.06—0.63 mg - m*®. Under
the condition of MPCs.d. of 0.002 mg - m® the exceedance
corresponds to a very significant range from 30 to 316 times.

Zn concentrations (3" hazard class) are 0.34—
2.31 mg - m®. MPCs.d. is 0.05 mg - m?, that is, the excess of
the standard in the atmospheric air is also quite significant —
23—46 times.

Results. The assessment of environmental safety should
be based on the data of studies on the accumulation of met-
al elements in the assimilation organs and the leveling of the
impact of pollutants from anthropogenic emissions by rec-
reational stands of one of the most common species in Dni-
pro greening system. The content of the studied elements in
the assimilative organs of false acacia is given in Table 1.

On the basis of the values of concentration of metal ele-
ments in the phytomass of Robinia pseudoacacia leaves estab-
lished in the study, the development of cartographic material
of the spatial distribution of accumulation of metal contami-
nants — Zn, Cu, Pb, Cd in Robinia plantations of recreational
areas of Dnipro city was carried out using GIS technologies
(Figs. 1-4).

The above cartographic materials allow us to state that
the accumulation of Cd in the phytomass of Robinia planta-
tions is in the range of 0.21—0.39 mg - kg~'. The maximum
concentration (> 0.39 mg - kg™!) is observed in trees that form
recreational plantations Lazar Hloba Park, Park of the 40"
Anniversary of the Liberation of Dnipropetrovsk and Prydni-
provskyi Park.
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Concentration of metallic elements in the assimilative organs of false acacia trees

Table 1

Location Metal element, mg-kg™!
Zn Pb Cu Cd
Druzhby Narodiv Forest Park 3028+ 1.13 | 8.78+2.21 | 8.23+2.13 | 0.35+£0.07
Taras H. Shevchenko Park 15.03+£2.22 | 10.8+2.12 | 6.43+£2.79 | 0.28+£0.07
Lazar Hloba Park 2454+ 1.17 | 9.52+0.96 | 17.2+3.15 | 0.41+0.11
Botanical Garden of DNU 17.61 £1.87 | 825+ 1.13 | 7.06+0.67 | 0.18+0.29
Park of the 40" Anniversary of the Liberation of Dnipropetrovsk 2117+ 1.78 | 10.59+1.12 | 1643+ 1.16 | 0.42+0.13
Prydniprovskyi Park 158+1.93 | 858+2.12 | 477+£0.32 | 0.39£0.19
Dniprovsko-Orilskyi Nature Reserve 9.62+1.45 | 10.68+1.77 | 3.96+0.11 | 0.17+0.04
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Fig. 1. Spatial distribution of Cd in the foliage fraction of Robinia tree stands in the greening system of Dnipro city
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Fig. 2. Spatial distribution of Cu in the foliage fraction of Robinia tree stands in the greening system of Dnipro city

Most of the area is occupied by plantations that accumu-
late Cd in the range of 0.33—0.35 mg - kg™'. The concentra-
tion decreases towards the west of the city. Localities of Dni-

provsko-Orilskyi Nature Reserve and Botanical Garden of
DNU are characterized by minimal concentration of this

metal element.
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Fig. 3. Spatial distribution of Pb in the foliage fraction of Robinia stands in the greening system of Dnipro city

Zn, mg-kg"' dry matter
<1314

[ 13.15-16.00
[ 16.01 - 18.85
[ 18.86-21.71
B 21.72-24.57
I 24.58 -27.42
B >27.42

0 4 8 12km
[=—————— ——————— |

Fig. 4. Spatial distribution of Zn in the foliage fraction of Robinia stands in the greening system of Dnipro city

According to the distribution of Cu concentration in the
fraction of assimilative vegetative organs, we can observe
the predominance of recreational plantations that accumu-
late Cu in the range of 9.86—11.86 mg - kg™!. Attention is
drawn to the location with the maximum accumulation of
more than 15.3 mg - kg™' of this metal element in the recre-
ational plantations of the Park of the 40” Anniversary of
the Liberation of Dnipropetrovsk and Prydniprovskyi Park.
The areas where urban Robinia plantations with a mini-
mum Cu concentration of less than 6.2 mg - kg™' are con-
centrated are in the western part and in the southeast of the
city.

The gradation of concentrations demonstrates the accu-
mulation of Pb in the Robinia stands of the left-bank part of
the city, where plantations with 9.5—9.9 mg - kg™! of this ele-
ment in the assimilation organs are concentrated. On the left
bank of the Dnipro in Dniprovsko-Orilskyi Nature Reserve
the maximum accumulation of this toxic element in the con-
centration of 10.5 mg - kg™! is recorded. The minimum Pb
deposition (less than 8.9 mg - kg™') occurs in the phytomass
of plantations growing in the south and northeast of the city
in the area of Druzhby Narodiv Forest Park and Prydni-
provskyi Park.

Between the established gradations of Zn accumulation in
urban plantations, the areas with Robinia, which accumulates
18.7—21.7 mg - kg™!, prevail, which are the average values de-
termined for this metal element.

Locations of a small area with maximum concentrations
(>27.4 mg - kg™") of Zn in the assimilation fraction of Robinia
phytomass, which are concentrated in the area of Druzhby
Narodiv Forest Park, were identified. The zone of minimal ac-
cumulation of this essential element was recorded in the plan-
tations of false acacia Dniprovsko-Orilskyi Nature Reserve.

The accumulation of heavy metals by plant leaves de-
pends on a number of factors, including the distance from
the source of pollution, differences between plants in anato-
my and physiology (such as evergreen/deciduous), physical
properties and intensity of heavy metal emissions, edaphic
and climatic factors (wind and precipitation, pH, redox
state) [12].

Due to the ubiquitous presence of the majority of streets
and parks of urban agglomerations in the phytocoenoses, as
well as due to the appropriate morphology, canopy structure,
and the capacity of leaves to accumulate heavy metals, many
species of hardwoods are often used for biomonitoring of
heavy metal pollution [5, 13—15].
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Table 2

Ratio coefficients of metal elements in the phytomass of assimilative organs of false acacia trees to the end of their exposure to
atmospheric air

Experimental plots

Metals, mg - kg™!
7Zn Pb Cu Cd

Cu/Zn

Druzhby Narodiv Forest Park

13.1 13.1 | 8780.0 | 350.0 | 0.27

Taras H. Shevchenko Park

6.5 10.2 | 10800.0 | 280.0 | 0.43

Lazar Hloba Park

72.2 | 287.7 | 3283 82.0 0.70

Botanical Garden of DNU

51.8 | 17.7 | 305.2 36.0 0.40

Park of the 40" Anniversary of the Liberation of Dnipropetrovsk

62.3 |273.8 | 3652 84.2 0.78

Prydniprovskyi Park

6.8 7.6 8580.0 | 390.0 | 0.30

Dniprovsko-Orilskyi Nature Reserve

4.2 6.3 [10,680.0 | 170.0 | 0.41

Table 3

Correlation coefficients of metallic elements in phytomass of
assimilative organs of Robinia pseudoacacia trees

Metal elements Zn Pb Cu Cd
Zn 1 - - -
Pb —0.388 1 — —
Cu 0.570 | 0.162 1 —
Cd 0.599 | -0.036 | 0.666 1

The use of vegetative parts of trees as bioindicators in envi-
ronmental biomonitoring is effective due to the ability of leaves
to retain/absorb heavy metals from air and soil [3, 16]. In ad-
dition, heavy metals can be absorbed by roots, then transferred
to the aboveground part and accumulate in leaves [17, 18].

Table 2 shows the coefficients that demonstrate the ratio of
the concentration of a metal element in the phytomass of as-
similative organs to the concentration of the corresponding
element in the atmospheric air, Table 3 — correlation coeffi-
cients.

The maximum values of the coefficients of transloca-
tion of metals from the atmospheric air to the aboveground
phytomass are characteristic of Cu. For this metal element,
the concentration in the phytomass of leaves exceeds the
concentration of this element in the air from 305 to
10,800 times.

The calculated correlation coefficients between the studied
metal elements revealed the closest positive correlation be-
tween Cu and Cd, Zn and Cd, as well as Cu and Zn.

A moderate negative correlation is observed for such me-
tallic elements as Pb and Zn, while for Pb and Cu it is weak. In
fact, there is no connection between the most toxic elements
studied — Cd and Pb.

The Cu/Zn ratio determines the degree of proportionality
in the provision of metal elements for enzyme synthesis pro-
cesses. The range of values of the Cu/Zn ratio in the assimila-
tion organs of Black locust of recreational plantations in Dni-
pro city was 0.27—0.78, which is due to the high concentra-
tions of Zn in the phytomass of the studied plants.

The ratio of essential metals, which was calculated for the
plantations of Druzhby Narodiv Forest Park and Prydni-
provskyi Park, is characterized by close to optimal values in
conditions of different levels of concentrations of metal ele-
ments in the atmospheric air of the studied locations of the
city of Dnipro.

The greatest imbalance in ensuring the processes of en-
zyme synthesis is experienced by the Robinia plantations of the
Park of the 40" Anniversary of the Liberation of Dnipropetro-
vsk and Lazar Hloba Park, in which the values of the Cu/Zn
ratio are 2.8—2.6 times.

Copper (Cu) is a true bioelement, as it is always present in
plant tissues and participates in metabolic processes. This

metal is part of plastocyanin, which transfers electrons be-
tween photosystem II and photosystem I, and is a component
of enzymes that catalyze the oxidation of ascorbic acid, diphe-
nols and hydroxylation of mono-phenols. The value in the as-
similation organs of the studied plants in different areas of
Dnipro city corresponds to the range of 3.9—17.2 mg - kg™'.

Zinc (Zn) in plants takes part in redox processes that sta-
bilize gas exchange, and participate in the synthesis of trypto-
phan [19]. The phytotoxic concentration is 300 mg - kg™' of
dry matter, which was not exceeded in the phytomass of the
studied Robinia plantations and corresponds to the range of
9.6—30.3 mg - kg~'. Similar results were obtained in the study
on metal elements accumulated in plantations of woody spe-
cies [20].

Conclusions. The studied metal elements in the assimila-
tive vegetative organs of the surface phytomass of Robinia
plantations are accumulated in descending order of concentra-
tion in the sequence Cu > Zn > Cd > Pb. Phytotoxic values of
the content of essential elements — Zn and Cu in the phyto-
mass of plantations, under conditions of exceeding their con-
centrations in the atmosphere, are not exceeded. Metal ele-
ments Pb and Cd are not used by plant organisms, therefore,
their presence in the phytomass can be considered an indica-
tion of the state of the ambient air in relation to these metals.
Phytotoxic concentrations of Pb (5.0 mg - kg™') were exceeded
in the studied assimilation organs of Robinia plantations in all
locations of the city. The actual concentrations of Cd deter-
mined in the urban Robinia plantations were an order of mag-
nitude lower than 2.5 mg - kg™!, which is defined as the phyto-
toxic level of this toxic element. Robinia plantations in the
landscaping system of Dnipro city can be considered as a po-
tential depositor of Pb in case of exceeding its normative values
in the atmospheric air.
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Meta. BuzHaueHHs B3a€EMO3B’SI3KiB MixK KOHIIEHTpaIlisI-
mu Zn, Cu, Pb, Cd B arMmochepHOMY TOBITpi Ta B aCUMiJIsI-
LIITHUX opraHax AepeB pobiHii HecripaBXHboakallii (Robinia
pseudoacacia) — HailGIIbII PO3MOBCIOMXKEHOTO BUY Y CUCTE-
Mi O3€JIEHEHHSI MPOMUCIOBUX MicT. [0 3agay HOCTiIKEHHS
BXOAWJIO 3’ICYBaHHSI OCOOJIMBOCTEI MTPOCTOPOBOTO PO3MOJIi-
JIy METaJiYHUX TTOJIOTAHTIB y 3€JI€HUX HACAIKEHHSIX pOOiHil
HecIpaBXHboakallii B MicTi JIHirpo.

Meroauka. JlociinkeHHs MpoBeIeHe Y CUCTEMI 3eJIEHUX
HacalxkeHb MPOMMCIIOBOro MicTa JIHinpo, B atMochepHOMY
MOBITPi SIKOTO TOMiHYIOTh 3a0pYAHIOIOYi PEYOBUHMU, JIXKepe-
JIOM SIKMX € BUKUIM MTiAMTPUEMCTB METATYprii, EHEPreTUKU Ta
aBTOMOOUIbHOTO TpaHcnopTy. sl 3milCHEHHsI eKcrnepu-
MEHTY 3aCTOCOBAHO METOJl aTOMHO-a0COPOLIiHOI CIEKTPO-
oromeTpii mIsT BU3HAUEHHST KOHUEHTPALIill BaXXKUX MeTa-
JiB. CTaTUCTUYHUMU METOJAMU OLIHEHO TPEHI TeXHOTEH-
HHUX eMiciii B aTMocdepHe noBiTpss. Ha ocHOBi oTprMaHux
€KCIepUMEHTAJIbHUX TaHUX MTOOYI0BaHO MPOCTOPOBUI pO3-
MO aKyMYJTIOBAaHHS €CCEHLIIaIbHUX | TOKCUYHUX METaJIiB Y
poOiHiEBUX HacalXKEHHSIX TPOMUCIIOBOTO MiCTa.

Pe3yabraTn. I3 nociinkyBaHuX MOJIOTAHTIB MaKCUMab-
HE KOHIIEHTPYBaHHSI B aCUMUISLIIHHUX OpraHax BUSIBJIEHO
s Zn, 1ianasoH BMicTy sIKOro craHoBuB 15—30 mr - kr.
Maiixxe onHaKOBOro piBHSI akyMytoBaHHs csaraiud Cu i Pb:
3,9—17,2 ta 8,6—10,8 Mr - kr! BinnosinHo. BctaHoBeHa Ha-
siBHicTb Cd, KuUii He € ecCeHIliaIbHUM €JIEMEHTOM, 1110 JI0-
3BOJISIE PO3IJISIIATU POOIHIEBI HACAIKEHHS B SIKOCTI MOTEH-
uiitHoro neroHaropa Cu i Cd B ymMoBax MoJlieJIeMEHTHOTO
3a0pyIHEHHS TPOMUCIOBUX MICT.

HayxkoBa HoBu3Ha. BctaHOBIIEHO, 1110 pOOiHi€BI HacaIKeH-
HsI, SIK €JIEMEHT 3eJIeHO1 iH(PpacTpyKTypy MPOMUCIOBUX MICT,
XapaKTEePU3YIOThCS MaKCUMaTbHUM €(hEeKTOM TpaHCIOKallil
Cu (cepen iHIIMX BaXXKUX METaiB) i BUSBISIOTHCSA ¢(HEKTUB-
HUMU MOTeHUiHHUMU AernoHatopaMu Pb mpu mepeBulleHHi
110r0 HOPMATUBHUX 3HAYEHB B aTMOC(HEPHOMY TOBITPI.

IIpakTiyna 3HayumicT. Ha OCHOBI OTpMMaHUX eKcrepu-
MEHTAJIbHUX [aHUX TMOOYI0BAHO TIPOCTOPOBUIL PO3IMOMLT
aKyMYJIIOBaHHSI METaJliB SIK eJIeMEHTiB-3a0pyaHIOBaviB y po-
OiHiEBMX HACaIXEHHSX, 1110 MOXHA PO3MJISAATU Y IUIOLIMHI
ONTUMi3allii cTaHy aTMOC(hEpPHOro IMOBITPSI B yMOBax MicTa.
OtpuMaHi KapTorpadiyHi MaTepiaau, 110 MOXYTb OyTU BH-
KOPUCTaHi Cy0’€KTaMU €KOJIOTIYHOIO MOHITOPUHTY il 3ese-
HOTO OyIiBHULITBA MPOMUCIOBUX MICT.

KiiouoBi cioBa: pobinis necnpasicHvoakayiis, mexHoeeHHi
emicii, memaniuni nOAMAHMU AMMOCHEPHO2O NOGIMPS, CUC-
mema 03eneHeHHs MiCm, NPOCMOPo8ULl po3nodin 3a6pyonI06auie
Y 3eAeHUX HACAONCCHHSX
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