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Background. Bryophytes, including mosses, are widely used in biomonitoring of
atmospheric pollution due to their ability to accumulate metals from atmospheric air.
However, the effects of metal accumulation on metabolic processes in bryophyte cells
have not been thoroughly studied. The aim of this work was to analyse the accumulation
of heavy metals, indices of lipid peroxidation (LPO), and antioxidant status in gameto-
phytes of the epiphytic moss Pylaisia polyantha (Hedw.) Schimp. collected from urban
areas with different levels of technogenic load.

Materials and Methods. The study was conducted in the city of Lviv (western
part of Ukraine). Within the city, 15 sampling sites were selected and grouped as fol-
lows: the green zone (A) conditionally used as the control, zone influenced by transport
activities (B) and the industrial zone (C). In gametophyte shoots of P. polyantha, con-
centrations of heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn) were analysed
using the method of atomic absorption spectrophotometry; the content of LPO pro-
ducts (lipid hydroperoxides, thiobarbituric acid reactive substances (TBARS)) and the
activities of antioxidant system enzymes (superoxide dismutase, catalase, glutathione
S-transferase) were analysed using standard methods. The results were processed
using standard statistical methods.

Results. Concentrations of heavy metals in P. polyantha gametophytes collected
from the study area can be arranged in descending order as follows: Fe> Mn> Zn> Pb>
Cu> Ni> Cr> Co> Cd. The content of individual metals in moss material varied depen-
ding on the sampling site. Moss shoots collected from zone B accumulated significantly
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higher levels of Cd, Co, Cu, Fe, Mn, Pb and Zn, and shoots from zone C had higher
levels of Cr and Zn compared to those from the green zone. Moss gametophytes col-
lected from sites in zone B had higher concentrations of LPO products and increased
levels of antioxidant enzymes activity compared to the control.

Conclusions. Elevated concentrations of heavy metals in moss material from sites
exposed to traffic and industrial activities reflect atmospheric heavy metal pollution in
urban areas. Intensive accumulation of heavy metals in gametophytes of P. polyantha
that grows in the areas of transport activities is accompanied by increased lipid peroxi-
dation processes and activation of enzymes of the antioxidant system in moss cells.
Activation of antioxidant enzymes may play an important role in the adaptation of the
moss P. polyantha to urban environments contaminated with heavy metals as a result
of anthropogenic activities.

Keywords: bryophytes, mosses, Pylaisia polyantha, heavy metals, antioxidant
system, urban ecosystems, biomonitoring

INTRODUCTION

Ecological conditions in urban ecosystems are strongly influenced by anthropo-
genic impacts, which affect all components of the abiotic environment, primarily the
atmospheric air. In industrial cities, the main sources of air pollution are enterprises
operating in various industries, coal-fired power plants, inappropriate waste manage-
ment and high traffic loads. Among environmental pollutants, heavy metals and met-
alloids belong to the most dangerous substances (Bjarklund et al., 2020, 2022a; Fry
et al., 2020; Ren et al., 2021; Mishra et al., 2022). Along with other pollutants, heavy
metals are often contained in industrial emissions and fuel combustion products. In the
atmosphere, heavy metals are associated with airborne particulate matter, which can
be transferred by air currents over long distances (Chen et al., 2021; Guo et al., 2021,
Ren et al., 2021).

A number of elements referred to as heavy metals, as well as several metalloids are
known to be needed in certain quantities by all living systems for metabolic processes
(Snityns’kyi & Antoniak, 1994; Snitynskyi et al., 1999; Antonyak et al., 2018; Bjarklund
et al., 2022b; Narayanan & Ma, 2023). However, the presence of these substances in
the atmosphere poses a significant threat to human health, since many of the heavy
metals are highly toxic, mutagenic and carcinogenic (Balali-Mood et al., 2021; Guo
et al., 2021; Ren et al., 2021; Bjorklund et al., 2020, 2022a).

Among various vegetation groups, bryophytes, including mosses, are widely
used as bioindicators and biomonitors to assess atmospheric heavy metal deposition,
especially in urban ecosystems (Mahapatra et al., 2019; Stefanut et al., 2019; Trujillo-
Gonzalez et al., 2020). It is accepted that mosses can reflect changes in atmospheric
metal content more reliably than vascular plants (Jiang et al., 2018). Bryophytes can
resist the toxicity of heavy metals and accumulate significant amounts of these sub-
stances in their cells. The metal-accumulating property is inherent to both terrestrial and
aquatic bryophytes (Macedo-Miranda et al. 2016; Polishchuk & Antonyak, 2019, 2021;
Lesiv et al., 2020; Maresca et al., 2022). The ability of mosses to tolerate high concen-
trations of metals and metalloids and to resist their toxicity is of considerable interest.
As it is known, heavy metals can induce oxidative stress in plant cells mediated by
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the formation of reactive oxygen species (ROS), including free radicals (Emamverdian
et al., 2015; Gill et al., 2022; Ghuge et al., 2023). The main feature of ROS is their high
reactivity; ROS are capable of interacting with various cellular biomolecules, which is
accompanied by a damaging effect on plant cells. Therefore, the functioning of the
antioxidant system is an important part of the protective mechanisms in bryophyte cells
exposed to heavy metals (Polishchuk & Antonyak, 2021; Kyyak, 2022; Maresca et al.,
2022; Smolinska-Kondla et al., 2022).

The relationship between metal accumulation and metabolic status in bryophyte
cells has not been extensively studied. In particular, this concerns Pylaisia polyantha
(Hedw.) Schimp. — a moss distributed in both natural and urban ecosystems (Boiko,
2014; Plasek et al., 2014; Stebel & Voncina, 2017; Polishchuk et al., 2020). Current
data suggest that P. polyantha moss is resistant to environmental pollution and can be
classified as an urbanophilous bryophyte species (Mamchur, 2010). In urban ecosys-
tems, P. polyantha moss can be found on the bark of trees that grow in both green and
industrial areas, along busy roads, etc. (Plasek et al., 2014; Polishchuk et al., 2020).

The aim of this study was to analyse the levels of accumulation of heavy metals, indi-
ces of lipid peroxidation (LPO) and antioxidant status in gametophyte shoots of P. polyan-
tha collected in urban areas with different levels of technogenic load.

MATERIAL AND METHODS

Study area. The study was conducted in the city of Lviv (49°49'48"N 24°00'51"E),
one of the largest industrial centres in the western part of Ukraine. Lviv is a densely
populated city with an area of about 182 km?, the centre of the Lviv urban agglom-
eration, with developed industry and transport infrastructure. The city has interregional
and interstate road, rail and air communications. The central part of Lviv is constantly
exposed to heavy traffic loads (Polishchuk et al., 2020).

Within the territory of Lviv, fifteen sites were selected for sampling P. polyantha
gametophytes. Sampling sites were grouped as follows: the green zone (A), which
included sites S1-S4 located in city parks; zone influenced by transport activities (B),
which included sites S5-S12 in various parts of the city; the industrial zone (C) including
sites S13—-S15 in areas influenced by industrial activity (Table 1).

The potentially uncontaminated green area (zone A) was conditionally considered
as the control one, since the sampling sites located there were not exposed to obvious
sources of environmental pollution. During the collection of moss material from zones B
and C, factors such as the nature of the territory and the availability of P. polyantha for
sampling were taken into account. Plant samples were taken in triplicate.

Analysis of moss material. Moss material was collected using standard methods
(Vanderpoorten et al., 2010). In the laboratory, moss material was cleaned of impurities
and debris, air dried, and analysed using a stereoscopic microscope XS 6220 (Ukraine)
to identify P. polyantha species.

The content of heavy metals, namely cadmium (Cd), cobalt (Co), chromium (Cr), cop-
per (Cu), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb) and zinc (Zn) in P. polyantha
gametophytes was determined by the method of atomic absorption spectrophotometry
using an atomic absorption spectrometer C-115PK Selmi (Ukraine). Before analysis,
moss material was prepared using conventional methods (Ogunkunle et al. 2016). The
concentrations of metals were expressed in milligrams per 1 kg of dry mass of moss
material.
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Table 1. Sampling sites of Pylaisia polyantha in the study area

Site Location of a sampling site Sampling site description

S1  49°49'24.0"N 24°01'30.0"E Stryisky Park

S2 49°49'24.0"N 24°04'00.0"E Pohulyanka Forest Park

S3 49°48'50.3"N 23°58'16.3"E Sknyliv Park

S4 49°50'19.0"N 24°01'11.0"E Ivan Franko Park

S5 49°46'38.5"N 24°00'54.0"E area adjacent to the European route E471

S6 49°48'13.0"N 24°01'03.5"E area adjacent to the European route E471

S7 49°49'38.5"N 24°01'52.0"E area adjacent to the European route E471

S8 49°50'08.0"N 24°04'02.5"E area adjacent to Lychakivska Street

SO 49°46'51 5"N 23°57'57 0"E E;egaandéalizn:ofdtr_}?‘llqté:rsectlon of the European route
S10 49°47'59.3"N 23°58'42.8"E area adjacent to the road T1416 and airport

S11 49°49'568.0"N 23°54'17.0"E area adjacent to the European route E40 and railway
S12 49°50'08.3"N 23°57'58.4"E area adjacent to the railway

S13 49°51'55.0"N 24°02'34.0"E area adjacent to the tannery

S14 49°48'42.0"N 24°01'44.0"E area adjacent to the heat power plant

S15 49°50'17.5"N 23°58'40.5"E Levandivka microdistrict with local industry

Plant extracts were prepared as described elsewhere (Sun et al., 2009). To pre-
pare the extract, a sample of moss material (200 mg) was homogenized using a mortar
and pestle with 4 ml of cooled extraction medium containing 100 mM phosphate buffer
(pH 7.0) and 0.1 mM EDTA. The homogenate was centrifuged at 10,000 g for 15 min at
4 °C. The supernatant was used as a crude extract to analyse the activities of superox-
ide dismutase and catalase, as well as the concentration of LPO products.

Concentration of thiobarbituric acid reactive substances (TBARS) in plant mate-
rial was determined using the method developed by R. L. Heath and L. Packer (1968).
During the assay procedure, an aliquot of the crude extract was mixed with an equal
volume of a 0.5 % solution of thiobarbituric acid in 20 % trichloroacetic acid. The reac-
tion mixture was heated at 95 °C for 25 min and then chilled in an ice water bath.
Subsequently, the mixture was centrifuged at 3000 g for 5 min and the absorbance of
the supernatant was monitored at 532 and 600 nm using ULAB102 spectrophotom-
eter (China). Nonspecific absorbance at 600 nm was subtracted. TBARS content was
calculated using an extinction coefficient of 155 mM" cm™ (Heath & Packer, 1968).
Concentration of lipid hydroperoxides in plant material was analysed using a method
based on spectrophotometric measurement (A = 480 nm) of products formed in plant
extracts in the presence of ammonium ferrous sulfate hexahydrate, hydrochloric acid,
and ammonium thiocyanate (Mironchik, 1984).

Superoxide dismutase (SOD, EC 1.15.1.1) activity was analysed using a method
based on reduction of nitro-blue tetrazolium in the presence of NADH and phenazine
methosulfate (Nishikimi et al., 1972; Kakkar et al., 1984). The assay mixture contained
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1.2 mL of 0.052 M sodium pyrophosphate buffer (pH 7.8), 0.3 mL of 300 yM nitro-
blue tetrazolium, 0.1 mL of 186 uM phenazine methosulfate, 0.2 mL of 800 uM NADH,
0.1 mL of plant extract, and water (a total volume of 3 ml). Absorbance was measured
at 560 nm. One unit (U) of SOD activity was defined as the enzyme amount required to
inhibit chromogen production by 50 % within 1 minute of the assay (Kakkar et al., 1984).

Catalase (EC 1.11.1.6) activity was determined by a spectrophotometric assay
recording the decrease in optical density at 240 nm during the decomposition of H,O,
(Aebi, 1984). The reaction mixture contained 2 mL of 0.05 M phosphate buffer (pH 7.0),
0.5 mL of 30 mM H,O,, 0.1 mL of plant extract and water to a final volume of 3 mL.
Absorbance was measured using a Specord 210 Plus spectrophotometer.

Glutathione S-transferase (GST, EC 2.5.1.18) activity was analysed using the
reduced glutathione (GSH) and 1-chloro-2,4-dinitrobenzene (CDNB) (Li et al., 1995;
Dixit et al., 2001). To determine GST activity, a sample of plant material (500 mg) was
homogenized in an extraction medium containing 50 mM phosphate buffer (pH 7.5),
1 mM EDTA, and 1 mM DTT. The homogenate was centrifuged at 10,000 g for 10 min
at 4 °C and the supernatant was used to measure enzyme activity. The reaction mixture
contained 50 mM phosphate buffer (pH 7.5), 1 mM CDNB, and 0.1 mL of plant extract.
The reaction was started by adding 1 mM GSH. The formation of glutathione-CDNB
conjugate (S-(2,4-dinitrophenyl)glutathione)) was monitored as the increase in absor-
bance at 334 nm in order to calculate the activity of GST (Li et al., 1995; Dixit et al.,
2001).

The protein concentration was measured using the method developed by O. H. Lowry
et al. (Lowry et al., 1951).

Statistical processing of results. \When processing the results, we used standard
statistical methods (Welham et al., 2015) to calculate the values of the arithmetic mean,
standard deviation (S.D.), geometric mean, median, and coefficient of variation (CV).
To compare groups of data, the reliability of the results was assessed using Student’s
t-test; differences were considered significant at p<0.05 (Welham et al., 2015).

RESULTS

Table 2 shows the levels of metal accumulation in the gametophytes of P. polyantha
collected from all sampling sites within the study territory. During the study, the highest
levels of accumulation in the gametophytes of P. polyantha were recorded for Fe, while
the lowest level was found for Cd, a toxic heavy metal. According to the results of the
study, the concentrations of the analysed metals in P. polyantha moss can be arranged
in a descending order as follows: Fe> Mn> Zn> Pb> Cu> Ni> Cr> Co> Cd. The pattern
of heavy metal deposition in gametophytes of P. polyantha generally corresponds to the
distribution of metallic elements recorded in other moss species collected from the city
of Lviv and from different locations in Europe (Marinova et al., 2010; Harmens et al.,
2013; Qarri et al. 2014; Polishchuk & Antonyak, 2019, 2021).

Among the metals analysed in this study, Fe, Co, Mn and Ni are siderophile ele-
ments, Cr is a lithophile element (although it also exhibits siderophile properties),
and Cd, Cu, Pb and Zn are chalcophile elements, according to the classification by
V. Goldschmidt (1937). It has been shown that airborne chalcophile elements contained
in particulate matter (PM) originate primarily from anthropogenic emission sources
(Fukai et al., 2007). These elements are found predominantly in fine particles (PM, ),
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which pose a particular health hazard when inhaled by humans (Fukai et al., 2007;
Zielinski et al., 2018). Siderophile and lithophile elements make up about 50 % of the
fraction of airborne coarse particles (PM,,,); these elements are predominantly of nat-
ural origin, but can also be released into the air from industrial sources as a result of
coal and biomass combustion and the activities of various modes of transport (Fukai
et al., 2007; Khan et al., 2010; Guéguen et al., 2011).

Table 2. Means (arithmetic and geometric), median, minimum and maximum values,
coefficient of variation and standard deviation of heavy metal concentrations
in the gametophytes of Pylaisia polyantha

Suded Meammd' 5o vgue, el  Cy Meden Geolean
mg/kg mg/kg
Cd 0.5M11 0.046 0.210 1.134 9.0 0.493 0.468
Co 2.1 0.13 1.12 3.90 6.16 210 2.03
Cr 5.42 1.05 212 14.61 19.37 4.24 4.42
Cu 14.66 1.08 7.28 23.98 7.39 13.10 13.73
Fe 1867 176 920 4145 9.43 1653 1681
Mn 134.3 17.10 23.92 262.3 12.70 108.0 111.0
Ni 6.34 0.64 2.64 11.48 10.11 6.84 5.89
Pb 16.75 2.48 1.05 34.54 14.81 14.71 11.90
Zn 50.15 3.48 19.9 77.4 6.81 50.66 48.67

Note: S.D. — standard deviation; CV — coefficient of variation; GeoMean — geometric mean

According to the obtained results (Table 2), among the siderophile and lithophile
elements accumulated in the moss P. polyantha, iron was the most abundant one, fol-
lowed by manganese with mean concentrations of 1867 and 134.3 mg/kg, respectively.
In contrast to these metals, the concentrations of Ni, Cr and Co in P. polyantha moss
were low, with mean values of 6.34, 5.42 and 2.11 mg/kg, respectively. The concentra-
tion of Cr in moss material showed the highest coefficient of variation (19.37 %) among
the analysed elements, which indicates a highly uneven distribution of this metal in the
environment within the study area.

Among the chalcophile elements, the highest level of accumulation in the moss mate-
rial was observed for zinc (50.15 mg/kg), and the lowest for cadmium (0.511 mg/kg).
The coefficient of variation of Zn concentration turned out to be the lowest among the
chalcophile metals (6.81 %), indicating the homogeneity of the distribution of Zn in moss
gametophytes collected from different sampling sites. With regard to the level of Pb accu-
mulation, the mean concentration of this metal in P. polyantha reached 16.75 mg/kg, and
the CV value was 14.81 %. The variability of Pb content in the moss material indicates
heterogeneity of the distribution of lead in the environment, which may be associated with
air pollution from anthropogenic sources in different parts of the city.

Various modes of transport and industrial activities are known to be the major
sources of environmental pollution and the main contributors to the overall level of
heavy metals in the atmosphere of urban areas. To assess the relationship between
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the level of metal accumulation in P. polyantha and anthropogenic activities within the
city, we compared the concentrations of individual metals in moss collected from zone A
(control) with those in moss material from zones B and C. The data presented in Figure
show that the content of most analysed metals tends to increase in moss material from
areas subjected to technogenic impact compared to those from the control area. Moss
gametophytes sampled at sites in zone B contain significantly higher levels of Cd, Co,
Cu, Fe, Mn, Pb and Zn (by 1.5-1.94 times, p<0.05-0.01) compared to those sampled in
zone A. The results suggest that the release of heavy metals into the atmosphere from
transport activities mainly contributes to the increased levels of metal accumulation in
P. polyantha gametophytes. The average traffic volume at sampling sites S5-S9 was
previously shown to be 700—1200 vehicles per hour (Polishchuk et al., 2020; Polishchuk
& Antonyak, 2022).

Analysis of the moss material sampled at sites in zone C did not reveal statistically
reliable differences in the content of most metals compared to the control. However, the
concentrations of Cr and Zn showed significantly higher levels (2.32 and 1.71 times,
respectively) in the moss material from zone C compared to that from zone A. These
results indicate that industrial activities carried out in the city of Lviv constitute a rela-
tively small share of the total level of heavy metal pollution of the atmosphere.

300 +
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©
z a a
S 2001 4 b ) b b
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o 50 -

Cd Co Cr Cu Fe Mn Ni Pb Zn

A (control area) H B (transport activities) B C (industrial activities)

Mean concentrations of heavy metals in the gametophytes of Pylaisia polyantha collected from zones
A-C within the studied urban territory (for convenience, data are presented as a percentage of the
values compared to the control; control values are taken as 100 percent)

Note: letters a and b indicate the significance levels of differences between the concentrations of
individual metals in moss samples in comparison to control (a: p <0.05; b: p <0.01)

Another aspect of this study regards the metabolic changes in moss gametophytes
under conditions of heavy metal accumulation. Oxidative injury to cells is one of the
widely known consequences of excess levels of heavy metals in plants. To assess the
effect of metal accumulation on the balance of pro-oxidant and antioxidant processes in
P. polyantha gametophytes, we analyzed the content of LPO products and the activity of
the antioxidant system in the moss material collected from the control area (zone A) and
from areas subjected to traffic load (zone B). It was found that the levels of lipid hydroper-
oxides and TBARS in moss material from the area subjected to transport activities were
significantly higher (by 1.9 and 2.2 times, respectively) than in the material collected from
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zone A (Table 3). An increase in the content of LPO products was accompanied by an
alteration in the activity of antioxidant enzymes in P. polyantha cells. Namely, the activ-
ity of SOD, catalase and glutathione S-transferase in moss gametophytes from zone B
was 1.7-2.3 times higher (p<0.05-0.01) compared to the control.

Table 3. Levels of lipid peroxidation products formation and activities of antioxidant
enzymes in Pylaisia polyantha gametophytes collected from zones A and B within
the studied urban territory (Mean * S.D.)

Studied parameters Zone A Zone B
Lipid hydroperoxides, nmol g moss material 11.0£1.4 20.7+3.2*
TBARS, nmol g' moss material 74.5+£8.7 168.0+£22.0**
Superoxide dismutase, U/mg protein 0.22+0.02 0.37£0.05*
Catalase, pmol H,0, min" mg™ protein 1.32+0.15 3.10£0.41**

Glutathione S-transferase, pmol glutathione—~CDNB conjugate

] et . 0.12+0.01 0.23+0.03*
min™ mg™ protein

The activation of antioxidant enzymes observed in P. polyantha gametophytes
appears to be an adaptive response that protects moss cells from oxidative stress,
which can develop due to increased ROS production under conditions of heavy metal
loading. Intensification of ROS production and alterations in the antioxidant system
were also observed by other authors who studied the effect of heavy metals on various
bryophyte species under field and experimental conditions (Baik, 2009; Wu et al., 2009;
Maresca et al., 2022).

CONCLUSIONS

The results of the study show that the epiphytic moss P. polyantha growing in the
city of Lviv accumulates heavy metals in concentrations close to those recorded in other
moss species common in urban areas. However, P. polyantha gametophytes from areas
subjected to transport and industrial activities tend to accumulate significantly higher
amounts of heavy metals than plants from the green zone of the city. This effect reflects
the pollution of atmospheric air with heavy metals in urban areas under the influence
of technogenic load; transport emissions being the source of the bulk of atmospheric
metals deposited in P. polyantha gametophytes. An increased accumulation of metals is
accompanied by intensive formation of LPO products in moss gametophytes growing in
areas subjected to traffic load. Under such conditions, activation of antioxidant enzymes
contributes to the resistance of bryophyte cells to metal-induced oxidative stress. This
effect may play an important role in the adaptation of P. polyantha moss to urban envi-
ronments contaminated with heavy metals as a result of anthropogenic activities.
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METANOAKYMYNALUINHA 30ATHICTb | AHTUOKCUOAHTHA AKTUBHICTb
MOXY PYLAISIA POLYANTHA (HEDW.) SCHIMP. HA MICbKUX TEPUTOPIAX

OnekcaHop Moniwyk', Kcmu+na Xuniwuy?, FanuHa AHMOHSIK'
" Jlbeiecbkuli HauioHanbHUl yHisepcumem imeHi lsaHa @paHka
syn. CakcazaHcbkoeo, 1, Jlbeie 79005, YkpaiHa

2 Jlbsigcbkuli HayioHanbHUl yHieepcumem rpupodoKOpUCMYy8aHHS
8yrn. Borodumupa Benukoeo, 1, m. [ybnsaHu, Jlbeiscbka 0bn. 80381, YkpaiHa

O6r'pyHTYyBaHHA. BpiodiTn, 30kpema, MOXH, LLUMPOKO BUKOPUCTOBYIOTL Yy Biomo-
HITOPUHry 3abpyaHeHHsa aTMocdepu 3aBOsKM TXHIM 34aTHOCTI OO akyMynsuii MeTanis
3 aTmocdepHoro noBiTps. OgHak BNNUB HAKONUYEHHS MeTarniB Ha MeTaboniyHi npouecu
Y KniTMHax MoxiB 3’ACOBaHUN HeaocTaTHeo. MeTotlo gocnigkeHHs Byno npoaHanisysatu
HAKOMUYEHHS BaXKKMX MeTaniB, MOKa3HUKW MNepoKCMAHOro OkucHeHHs ninigis (MOJT)
i @aHTMOKCUOAHTHUI cTaTyc y rameTocpiTi eniditHoro moxy Pylaisia polyantha (Hedw.)
Schimp., 3ibpaHoro B MiCbK1x paoHax i3 pis3HUMU PiIBHAMW TEXHOTEHHOTO HAaBaHTaXKEHHS.

Matepianu i metogu. [ocnigxeHHs npoBogunu y M. JIbBoBi (3axigHa 4yacTuHa
Ykpainm). Y mexax micta 6yno sBubpaHo 15 ginaHok Bigbopy npo6, 3rpynoBaHuX y Takun
cnoci6: 3eneHa 3oHa (A), Ky YMOBHO BMKOPWUCTOBYBArM SIK KOHTPOMb, 30Ha BMMUBY
TpaHCnopTHOI AianbHocTi (B) Ta npomucnosa 3o0Ha (B). Y naroHax P. polyantha ana-
nisyBanu koHueHTpauito Baxkux metanis (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn) meTo-
O0M aToMHOo-abcopbuiHoi cnekTpodoTomMeTpil; BMiCT npoaykTis [NOJ1 (rigponepokcnan
ninigis i pe4oBuHK, SiKi pearytoTb 3 TiobapbiTyposoto kucnoToto (TEK-akTuBHI npogykTn))
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N aKTMBHICTb €H3MMIB aHTMOKCUOAHTHOI CUCTEMM (CynepokcuaaucMmyTasa, katanasa,
rnyTaTioH S-TpaHcdepasa) aHanidyBanu ctaHgapTHUMK MeTogamu. Pe3ynstaTin onpa-
LlbOBYyBanu Metogamu BapialinHOT CTaTUCTUKN.

Pe3ynbraTn. Baxki meTanu, akymynboBaHi B rametoqiti Moxy P. polyantha, 3i6pa-
HOro 3 JocCnigKyBaHOI TEPUTOPIl, MOXHA po3TallyBaTh B TakOMY MOPSAKY BiAnoBigHO
00 KoHueHTpauii: Fe> Mn> Zn> Pb> Cu> Ni> Cr> Co> Cd. BmicT okpeMux meTanis
Yy POCIMHHOMY MaTtepiari OyB pi3HMM, 3anexHo Big Micusa Bigdopy npob. MNMaroHn moxy,
3ibpaHi Ha ginsHkax y 3oHi b, micTunu 3Ha4YHO BULLY KOHUeHTpauito Cd, Co, Cu, Fe, Mn,
Pb i Zn, a naroHu i3 3041 B — BuLy KoHUeHTpauito Cr i Zn, HixX naroHn Moxy, 3ibpaHi
B 3€r1eHiin 30Hi. Y rameTodiTi MOXy, 3i0paHoro Ha AinsiHkax y 3oHi b, BusaBneHo GinbLuy
KOHUeHTpauito npoaykTie MOJ1 i nigBuULLIEHY aKTUBHICTb a@HTUOKCUAAHTHUX EH3UMIB,
NMOPIBHSIHO 3 KOHTPOSEM.

BucHoBKM. [MigBuLLIEHHS KOHLEHTPAaLUIT BaXXKNX MeTasiB Yy POCIMHHOMY Matepiani
3 AiNSHOK, po3TalLOBaHMX y 30HaX BMSMBY TPAHCMOPTHOIO pyxy Ta NPOMMUCIIOBOI 4idnb-
HOCTI, Bigobparkae 3abpyaHeHHs1 aTMOcdepPU B MIiCbKMX panioHax BaXKKMMKU MeTanamu.
IHTEHCMBHE HaKOMUYEHHS BaXKKUX MeTaniB y rametodiTi Moxy P. polyantha, wo pocTte
Yy 30Hax BMMAMBY TPaAHCMOPTHOI Ta NPOMMUCIIOBOI AisifIbHOCTI, CYNPOBOAXYETLCA MOCU-
NEeHHAM MnpoueciB NepoOKCUAHOIO OKUCHEHHS NiNigiB i akTMBauieo eH3MMIB aHTUOKCK-
JAaHTHOI cucTeMM B KNniTMHaX. [MiaBULLIEHHS aKTUBHOCTI aHTUOKCUAAHTHUX EH3MMIB MOXE
BigirpaBaT BaXknuBy porb B aganTtauil Moxy P. polyantha [O MiCbKOro cepegoBuLa,
3abpyQHEeHOro BaXXKMMm MeTanaMm BHacnigok aHTPOMOreHHo! AisinbHOCTI.

Knroyoei cnoea: 6Gpioditn, Moxu, Pylaisia polyantha, Baxki MeTanu, aHTUOKCU-
AaHTHa cuctema, ypboekocnctemm, GioMOHITOPUHT
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