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zones of enterprises of the city of Zaporizhzhya in order to develop recommendations for the creation of an effective biofilter.
The objects of the study were the woody plant species growing in the area of protective plantations of a number of enterprises in
Zaporizhzhya: RE Zaporizhzhya Titanium & Magnesium Combine, Zaporizhzhya Aluminium Plant PJISC, Zaporizhzhya Abrasive
Plant PJSC, Zaporizhstal PJSC, Zaporizhzhya Ferroalloy Plant PJSC, Zaporizhvohnetryv PJSC, PrJSC "Ukrgrafit" and
Zaporizhtransformator PJSC. The control area was a forest belt located 12 km away from the source of pollution. At each site 5 model
trees of a given age category of each species were selected. The leaves needed in order to determine the sulfur content were taken from
the south-eastern side of the crown at a distance of 2 m above the soil surface under the same lighting conditions. We have established
that the accumulation of sulfur in leaves of woody plants which grow under the conditions of outdoor air pollution by sulfur dioxide
(SO») occurs during the entire vegetation period, with the young leaves that have just finished growing being the most affected.
The maximum amount of sulfur is observed at the end of the growing season. The greater concentration of sulfur in the leaves of woody
plants in the areas of sanitary protection zones of industrial enterprises is linked to the higher level of gaseous pollutant emissions in the
atmosphere of a given enterprise, but the degree of increase in the content of the pollutant in the leaves of plants of various protective
plantations is not proportional to the quantitative indicators of the level of sulfur dioxide (SO») in the air. Woody plant species were
divided into three groups according to the amount of sulfur accumulated in their leaves: I — the maximum level — Betula pendula, Tilia
cordata, Salix alba, Robinia pseudoacacia, Populus alba, P. simonii, P. nigra, Il — medium — Acer platanoides, A. negundo, Fraxinus
lanceolata, Catalpa bignonioides, 111 — the smallest — Morus alba, Ailanthus altissima, Elaeagnus angustifolia and Ulmus carpinifolia.
The increase in sulfur content in the leaves of woody plants growing in the area of sanitary protection zones is consistent with the
increase in glutathione content compared to our control parameters, which is not only of high physiological significance, but its
formation can also be one of the ways of metabolizing this element. The obtained results can be used for the development of
recommendations with the purpose of selecting the assortment of woody plants for the reconstruction of green plantations growing in
the area of sanitary protection zones of enterprises. In a subsequent study, the accumulation of gaseous pollutants such as chlorine and
phenol in the leaves of woody plants growing in and around protective forest belts will be examined.
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Introduction

In the course of human industrial activity, atmospheric air is polluted
by gaseous pollutants, among which sulfur compounds, and sulfur dio-
xide (SO,) in particular, play a key role. Sulfur dioxide is released into
the atmosphere during combustion of coal and lignite, oil and petroleum
products, and also timber, as a result of the production of sulfuric acid
and the smelting of sulfur-containing ores (Liu et al., 2018). A signifi-
cant amount of this compound is released into the environment during the
operation of thermal power plants, enterprises of ferrous and nonferrous
metallurgy, cement, coke, chemical plants etc. (I'kun, 1978; Subba etal.,
2016; Martynov & Brygadyrenko, 2017; Tuygun et al., 2017). For example,
smelting 1 ton of pig iron is accompanied by an average of 22.4 kg of
sulfur dioxide (Kaljuzhnyj, 1981).

Vegetation is a kind of universal filter that is capable, in conjunction
with certain technical facilities, of protecting the environment from pol-
lution by the ingredients of industrial emissions (Kozjukina et al., 1980;
Bessonova & Zajceva, 2008; Mitchell et al., 2010). It acts as a kind of
buffer that smooths the fluctuations of the pollutant's concentration in
the air (Simon et al., 2011; Hwangbojun et al., 2016; Stratu et al., 2016;
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Faly et al., 2017). The buffer capacity of plants is proportional to the
absorption capacity of the pollutants (Tarabrin et al., 1986). Among the
sulfur compounds, the one that is most easily absorbed by the leaves is
SO,, followed by H,S, with CS, being the least active. The last two
pollutants are much less common (Sergejchik et al., 1998; Li et al., 2016).
The driving force behind their absorption capacity is the diffusion of
molecules, where they are assimilated by cells thereby entering the me-
tabolism (Okpodu et al., 1999; Baciak et al., 2015).

Each species of plant has its own inherent cut-off point for the accu-
mulation of any given pollutant. This indicator should be taken into
account when creating plantations in the areas that are part of sanitary
protection zones of industrial enterprises. Taking into account the gas-
absorbing capacity of certain types of woody plants is an important con-
dition for the creation of effective biofilters in order to achieve the maximum
sanitary and hygienic effect (Kulagin, 1970; Paul, 1974). The intensity
of gas absorption depends not only on the physiological and biochemi-
cal characteristics of plants, but also on the concentration of pollutants
(Hwangbo et al., 2000; Cicek & Koparal, 2004), the duration of their
action and environmental conditions during their growth (I'kun, 1978;
Smit, 1985; Getko, 1989). This makes it difficult to develop uniform
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recommendations even for similar enterprises in different climatic zones.
In each particular case, plant groups will perform their finction with a va-
rying degree of effectiveness. Therefore, the recommendations for the
planting of greenery should have an exact environmental context, although
certain general patterns do exist. Some researchers believe that the content
of sulfates in plants should be used to evaluate functional changes that are
not being detected via visual observation (Tripodo et al., 1992) or as an
indicator of the pollutant’s activity (Poykid & Torvela, 2001).

The aim of this work is to determine the level of accumulation of
sulfur and glutathione in the leaves of woody plants growing in the areas
of sanitary protection zones of enterprises of the city of Zaporizhzhya in
order to develop recommendations for the creation of an effective biofilter.

Materials and methods

The research was carried out in the sanitary protection zones of a
number of enterprises in the city of Zaporizhzhya: RE Zaporizhzhya
Titanium & Magnesium Combine (ZTMC), Zaporizhzhya Aluminium
Plant (ZALK) PJSC, Zaporizhstal PJSC, Zaporizhzhya Ferroalloy Plant
(ZFER) PJSC, which belong to the 1st enterprise hazard class, Zapo-
rizhzhya Abrasive Plant (ZABR) PJSC — 2nd, Zaporizhvohnetryv-
SOYUZ PJSC (Vohnetryv) — the 3rd, PrJSC "Ukrgrafit" and Zaporizh-
transformator (ZATR) PISC —4th.

From this point, the abbreviated names of these companies will be
mostly used. The level of SO, emissions by these enterprises varies
significantly. Zaporizhstal and Zaporizhzhya Ferroalloy Plant emit the
largest amounts of dioxide and other sulfur compounds —4993.004 and
1178.706 tons per year, respectively. Other plants can be arranged in
order of decreasing number of these pollutants in the following way:
Ukrgrafit (162.984), ZABR (159.988), Vohnetryv (149.220), ZTMC
(101.635), ZALK (67.223), ZATR (0.065).

Such enterprises as Zaporizhzhya Aluminium Plant PJSC, Zaporizh-
stal PJSC, Zaporozhye Ferroalloy Plant PISC, PrJSC "Ukrgrafit", "Voh-
netryv" and Zaporizhzhya Titanium and Magnesium Combine are loca-
ted in the factory district, forming an industrial complex, and therefore
the degree of air pollution by gaseous sulfur compounds in the sanitary
protection zones differs less compared to the volumes of this particular
phytotoxicant being emitted by each plant individually. This group of
enterprises is separated at the following distances: ZTMC (3 km),
ZABR (6 km) and ZATR (8 km). The control area was a forest belt
located 12 km away from the source of pollution.

Woody plants that grow in the areas of the sanitary-protective zones
of all or most enterprises and had a large enough share in the plantations
were chosen as the objects of study: Ailanthus altissima Mill., Betula
pendula Roth., Ulmus carpinifolia Rupp., Catalpa bignonioides Walter,
Acer platanoides L., Acer negundo L., Tilia cordata Mill., Elaeagnus
angustifolia L., Robinia pseudoacacia L., Populus alba L., Morus alba L.,
Fraxinus lanceolata Borkh., Salix alba L., Populus simonii Carr. and
Populus nigra L. At each site, 5 model trees of a given age category of
each species were selected. The leaves needed in order to determine the
sulfur content were taken from the south-eastern side of the crown at a
distance of 2 m above the soil surface under the same lighting conditions.
The first three leaves from the base of one-year shoots were used.
The content of sulfur was determined by the weight method (Mochalova,
1975), the reduced glutathione — by the titrimetric method. Statistical
data analysis was carried out using the Gnumeric software package.

Results

We have studied the dynamics of change in the content of sulfur
during the vegetation period in the leaves of plants growing in the area
of the sanitary protection zone of the "Zaporizhstal" plant, which emits
into the atmosphere the largest amount of this pollutant, with the aim of
calculating the sampling time in order to determine the role of certain
woody plant species in purifying the atmospheric air from gaseous
sulfur compounds. It was found that the content of sulfur in the
assimilating organs of plants in the process of vegetation did increase,
but at a different rate depending on the phase of their ontogenesis (Fig. 1).
During the period of intense growth, the amount of sulfur was less than
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in the young leaves that had already finished growing. The section of
the curve, which reflects the process of accumulation of sulfur in young
leaves, whose growth has already ceased, appears to be the most steep
(Fig. 1). Similar dynamics of sulfur accumulation were characteristic of
four species of plants, the leaves of which were used to study this
process — B. pendula, A. hippocastanum, R. pseudoacacia ta M. alba.
The maximum content of sulfur in the leaves of all plants was detected
at the end of the vegetation period (Fig. 1).

The results of our research show that despite the short distance of a
number of plants from each other and the spread of sulfuric anhydride
in the adjacent sanitary protection zones, the highest concentration of
total sulfur is found in the leaves of plants of the protective forest belts
of the "Zaporizhstal" plant and to a lesser degree — of ZFER, which emit
the largest amount of this pollutant into the environment (Table 1).

Table 1

The content of sulfur in the leaves of woody plants growing in the
area of sanitary protection zones of industrial enterprises

(% out of absolute dry mass, x + SE, n=4)

Species - Con- Ukr- sl mms@oﬂzh— Vohne-
ofplant  trol ZTMC ZABR ZALK ZFER ZATR
grafit stal tryv

Acer 0.12+ 030+ 038+ 033+ 056+ 030+ 020+
negundo 0.007° 0.011° 0.015°0.008® ~  ~  0009° 0.014° 0.010°
Acer 0.14+ 035+ 040+ 034+ 063+ 069+ 036+
platanoides  0.005* 0.008° 0.009°0.013* 0.011° 0.012° 0.007*
Aesculus 0.13+ 032+ 044+ 036051+ 056+ 034+ 028+
hippocastarnim 0.006* 0.007° 0.011° 0.006* 0.015° 0.010¢ 0.012% 0.012"
Ailanthus 011+ 025+ 030+ 027+039+ 048+ 026+ 0.19+
altissima 0.005 0.005° 0.007° —  0.009™0.010° 0.013" 0.008% 0.007"
Betla 0.11+ 045+ 050+ 080+ 097+ 047+ 030+
pendula 0.007* 0.010° 0.010° 0012 0.014° 0.010™ 0.011¢
Catalpa 0.14+ 048+ 039+055+ 067+ 030+ 022+
bignonioides 0009 ~ 0009 0.014°0.011¢ 0.008° 0.007" 0.005¢
Elaeagnus 009+ 028+ 025+ 045+ 047+ 025+ 020+
angustifolia 0,006 0.006° 0.010° 0.012¢ 0.007* 0.009 0.006
Fraxinus 0.08+ 030+ 040+ 034061+ 062+
lanceolata ~ 0.005* 0.009° 0010° ~  0.007°0.010° 0.014° -
Juglans 0.16+£ 025+ 030+ 058+ 030+ 024+
regia 0.007* 0.005° 0.014° 0.011¢ 0.013* 0.015°
Morus 0.10£ 021+ 027+ 023+ 019+ 033+ 044+ 023+
alba 0.009* 0.006 0.006°0.008™0.005% 0.008" 0.007¢ 0.009™
Populus 0.15+ 046+ 061 £0.55+ 045+ 089+ 096+ 041+
alba 0.007* 0.015° 0.007° 0.010° 0.009% 0.015" 0.015¢ 0.010®
Populus 0.14+ 040+ 049+ 047+ 037+ 105+ 042+ 033+
nigra 0.009* 0.008" 0.011°0.0100.015* 0.014" 0.013% 0.009"
Populus 0.16+ 037+ 045+ 040+ 037+ 086+ 093+ 035+
simonii 0.005* 0.009° 0.009° 0.15™ 0.011¥0.013° 0.012" 0.008™
Robinia 0.12+ 041+ 051+ 0.58+ 042+ 085+ 090+ 039+ 031+

pseudoacacia  0.009* 0.011° 0.010°0.013% 0.012*0.014" 0.013¢ 0.010*™ 0.010'
Salix 0.14+ 033+ 042+ 032+£073+ 081+ 021+

alba 0.006" 0.006° 0.013° 0.0070.013° 0013° 00068
Tilia 0.15+ 041+ 050+ 040+ 102+ 038+
cordata 0.006" 0.007° 0.011° 0.013% 0010° 0.007%
Ulmus 0.13+ 023+ 029+ 027+ 021+ 040+ 047+ 020+

carpinifolia 0,008 0.010" 0.008° 0.007*0.005% 0.007" 0.006° 0.006™

Note: “— — this species of tree is absent; different letters indicate values
reliably differing from each other within a single line of the table based on
the results of using the Tukey test (P < 0.05).

The lowest amount of sulfur was accumulated in the leaves of
woody plants growing in the areas of sanitary protection zones of such
enterprises as ZATR, ZTMC and ZALK. As can be seen from the
obtained data (Table 1), the maximum amount of sulfur, compared to
other species of plants, accumulated in leaves of the following species:
B. pendula, T. cordata, R. pseudoacacia, P. alba, P. simonii, P. nigra;
and the minimum — M. alba, A. altissima, E. angustifolia and U. carpi-
nifolia. The following species hold the intermediate position between the
two groups: A. platanoides, A. negundo, F. lanceolata, C. bignonioides.

Analysis of the content of the tripeptide glutathione, which includes
the sulfur-containing amino acid cysteine, in the leaves of 6 species of
woody plants that grow in the areas of protective plantations of enterpri-
ses, and which varies according to the level of air pollution by sulfur
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dioxide (SO,) (Zaporizhstal, ZFER, ZTMC and Vohnetryv), showed an
increase in its amount compared to our control with the exception of
T. cordata. In the leaves of this type, the concentration of the tripeptide,
on the contrary, decreased as a result of high content of SO, in the air
(Zaporizhtal and Vohnetryv), and slightly increased as a result of lower
levels of the pollutant (ZTMC).

10| —a—— desculus hippocastaum control ——O—— Aesc ulus hippoc astanm
—>— Bewila pendula

—X— Berula pendula control

Sulfur content, %

0.0 I T T T T T 1
v v VI VI VI X X

a Month of research

oy = Robinia pseudoacacia conrol —{—— Robinia pseudoacacia
—<—— Morus alba control —— Morus alba

Sulfur content, %

0.0t T T T T T 1

1\ v VI s VIIT X X
b Month of research

Fig. 1. Dynamics of sulfur content in leaves of woody plants
during the vegetation period (x = SE, n=4)

Table 2

The content of glutathione (mg/%) in the leaves of plants growing
in the area of sanitary protection zones of industrial enterprises
x+SE,n=4)

Industrial enterprises
Zaporizhstal Vohnetryv ZTIMC
Speciesof  Control, Relativ Relative Relative
plans x+SE eto to to
X+SE control, x:+SE control, X+SE control,
% % %
Ailanthus ~ 89.12+ 14023+ 12842+ 11136+
altissima 096* 112> P73 g W g 1250
Fraxinus 3360+ 5421+ 4412+ 39.86+
lanceolata 042 068> 1013 o 13 Tgeu 1186
4036+ 6384+ 5345+ 52.16+
Morusalba ~oe” ot 1582 T 1324 Tl 1292
Robinia 67.18+ 17971+ 153.69+ 140.18 +
pseudoacacia  091* L 2075 Uiy 288 e 2087
Tilia 4589+ 3575+ 39.56+ 4931+
— 048 06 70 Tozg 802 gsp 1075
Ulmus 5373+ 8439+ 7036+ 6142+
carpinifolia~ 042*  0.72° 1o B0 g 1143
Populus 75.16+ 19591+ 17861 + 14999+
nigra 052 1o 2007 Ty P76 e 196

Note: see Table 1.

Discussion

According to the data obtained, in the species of trees growing in
the areas of sanitary protection zones with different levels of accumula-
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tion of sulfur in their leaves there is a downward dynamic of its accu-
mulation during the vegetation period (Fig. 1). During the period of
intense leaf growth, this process occurred at a lower pace than in organs
that had already completed growth. Perhaps this is due to the fact that
during the growth of leaves the accumulation of mass is more intense
than the accumulation of sulfur, that is, there may be involvement of the
so-called "dilution" effect, which some researchers have observed in the
case of the accumulation of lead (Hijano et al., 2005).

Subsequently (in July), the pace of accumulation of the element is
reduced, eventually slowing down even further. It should be noted that,
according to some researchers, young leaves during their growth and
development most actively absorb sulfur dioxide (Malhotra & Hocking,
1976; Barahtenova, 1995), but according to others, the growth of sulfur
content in leaves is most significant in the middle of the vegetation
period (Vasfilov, 2013).

Thus, according to our data, the accumulation of the element in
leaves occurs throughout the vegetation period, and its highest content is
detected at the end of the vegetation process. This indicates that in order
to calculate the role of plants as a universal biofilter, it is better to carry
out the analysis of the content of this element in the leaves during the
said period. The fact that the content of sulfur in the leaves of woody
plants growing under the conditions of outdoor air pollution by sulfur
compounds is at its maximum at the end of the vegetation period, is
noted in other papers as well (Hijano et al, 2005; Kapeljush &
Bessonova, 2007; Vasfilov, 2013).

It should be noted that the level of accumulation of sulfur in the lea-
ves of plants does not accurately reflect their role as a biofilter. Some
researchers point out that not all sulfur that is absorbed from the air is
fixed in the leaves. A part of it is washed out by precipitation and
released with moisture back into the atmosphere (Getko, 1989; Il'kun,
1978; I'kun & Morgun, 1980). Sulfur accumulated in leaves in the form
of SO, and H,S, can be used in metabolic processes, becoming a part of
sulfur-containing amino acids and glutathione (Schiff & Hodson, 1973;
Hock & Anderson, 1978; Kok et al., 1986) or moving to other organs in
the form of sulfates (Brandle & Schnyde, 1970; Paul, 1976), as well as
in the soil from the roots (Nikolaev, 1963; Cornis, 1968). However, most
authors believe that the indicators of accumulation of sulfur in the lea-
ves, on average, reflect the accumulative capacity of different species of
plant, hence also their role as a biofilter (Al-Jahdali & Bin Bisher, 2008;
Zhang et al., 2013; Likus-Cieslik & Pietrzykowski, 2017). In our
opinion, this is confirmed by the data obtained by Godzik (1976), obtained
as a result of experiments with woody plants, which differ sharply from
those of herbaceous plants. While studying the distribution of S in
birch, oak, coniferous plants (spruce, fir, yew), the author established
that the transfer of sulfur to the trunk of trees dids not occur, and the
radioisotope of this element injected into the trunk was able to move
within the leaf blade. On this basis, it is assumed that sulfur, which is
absorbed by leaves of woody plants, appears to be less mobile compared
to the way it behaves inside herbaceous plants, and its content in these
organs more accurately reflects the level of accumulation of the element
and the degree of air pollution of a given site using different methods of
calculation, hence their role as a biofilter.

We have found that the higher level of pollutant in the air causes it
to accumulate more in the leaves of plants (Table 1). This is consistent
with the data of Vasfilov (2013), which establishes the fact that the level
of accumulation of sulfur in the leaves during the entire vegetation
period is proportional to the unit of crude and dry mass, the leaf area and
the unit of mass of chlorophyll. Some other researchers also point to an
increase in sulfur content in plant leaves with an increase in the concen-
tration of SO, (Roberts, 1974; Paul, 1976; Bytnerowicz et al., 1987).

However, as can be seen from our data, the degree of increase in
the content of the pollutant in the leaves of plants of various protective
plantations was not proportional to the quantitative indicators of the
level of SO, in the air. Perhaps this is due to the fact that its accumulation
in plant leaves due to the absorption of SO, from the air within certain
concentrations largely depends more on the time of the action of the
pollutant on plants than on the increase of its concentration. Thus,
Guderian (1979), notes that the accumulation of sulfur occurs at a
higher rate given a longer exposure to it rather than due to the high gas
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concentrations. This was also confirmed experimentally (Roberts,
1974), where it was established that leaves of Fraxinus americana and
Rhododendron obstusum japonicum absorbed SO, from the outdoor air
containing various concentrations of the pollutant (0.2, 0.5 and 1.0 mg/l)
with roughly the same intensity.

Woody plant species were divided into three groups according to
the amount of sulfur accumulated in their leaves: I — the maximum level —
B. pendula, T. cordata, S. alba, R. pseudoacacia, P. alba, P. simonii,
P. nigra, Il — medium — A. platanoides, A. negundo, F. lanceolata,
C. bignonioides, 111 — the smallest — M. alba, A. altissima, E. angustifo-
lia and U. carpinifolia.

However, while comparing the level of accumulation of sulfur in the
leaves of different species of woody plants, according to the literature data
containing our results, as well as making a comparison of the parameters
obtained by different authors, a certain number of problems arise. The lists
of species of woody plants, the leaves of which were used to study the
accumulation of sulfur by a number of researchers, differ and only some
species in them are common, but they are not always properly placed
within the groups with similar levels of accumulation of toxicants. For
example, according to Korshikov (1995) the leaves of white mulberry
growing under the technogenic conditions accumulate very little sulfur,
but according to Tarabrin (1986) — the case is just the opposite. Kulagin
(1970) places ash-leaved maple within the group of plants which poorly
accumulate the said toxicant, whereas Getco (1989) claims it to be the
plant that accumulates sulfur the most. According to other authors
(Basovic et al., 1975), this species occupies an average position in the
distribution of woody plants when the accumulation of sulfur in their
leaves is taken as a criteria. Korshikov (1995) points out that the leaves
of A. pseudoplatanus growing under environmental pollution accumu-
late little sulfur in relation to control, but according to Getco (1989) —
they accumulate a considerable amount. Both. Tarabrin (1986) and Getko
(1989) note the high sulfur-accumulating ability of the assimilating
organs of R. pseudoacacia, whereas Sergeychick (1997) considers it to
be average. In some studies, the first group (maximum accumulation of
sulfur) includes 7. cordata (Tarabrin et al., 1986; Getko, 1989; Sergej-
chik, 1997) and P. canadensis (Tarabrin et al., 1986; Korshikov et al., 1995;
Sergejchik, 1997), which is consistent with the data obtained by us.
The discrepancy in the data obtained by different authors can be explai-
ned by the fact that experiments were carried out in different climatic
zones and enterprises with a specific ratio of air pollutants, which affects
the intensity of their accumulation.

If sulfur enters the leaf blade in the form of SO, or H,S, it is first
oxidized to a sulfate (Hock & Anderson, 1978; Heber & Hiive, 1997).
The process of assimilation of sulfate is preceded by its activation by
phosphorylation. This reaction can be considered a "unique gate" through
which the relatively inert sulfur oxide enters the metabolic cycle (Shiff &
Hodson, 1973), while the concentration of glutathione and amino acids
in plants increases. On the basis of experiments with the fumigation of
plants H,S Kok (1986) believes that glutathione plays the role of spare
sulfur, which can quickly be involved in metabolism. As can be seen
from Table 2, the level of increase in the content of glutathione in the
leaves of investigated plants is consistent with the magnitude of the
accumulated sulfur. Thus, the content of sulfur in leaves of such species
such as R. pseudoacacia and P. nigra is 483% and 335% relative to the
control values. Characteristically, these species are prone to contain a
greater amount of glutathione.

The smaller amount of this compound in the leaves of a plant such
as T. cordata having a high sulfur-accumulating capacity under the con-
ditions of significant atmospheric pollution (Zaporizhstal and Vohnetryv
factories) can be explained by the inhibition of the inclusion of sulfur in
the amino acid cysteine, which is a component of the tripeptide. A lower
level of SO, emissions in the air around ZTMC causes a slight increase
in the amount of glutathione in the leaves of plants of this species in
relation to the control values.

The higher content of the tripeptide in the leaves of most plant spe-
cies in the sanitary protection zones compared to our control values
confirms the opinion of Kok (1986) on the possible protective role of this
compound under the conditions of intoxication of plants by sulfur
dioxide (SO,).
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Conclusions

The accumulation of sulfur in leaves of woody plants growing in
conditions of outdoor air pollution by sulfur dioxide (SO,) occurs during
the entire vegetation period, being the most intense in young leaves that
have already finished growing. The maximum amount of element is
detected at the end of the vegetation period.

The higher the level of pollutant emissions in the atmosphere of a
given enterprise, the higher the concentration of sulfur in the leaves of
woody plants in the sanitary protection zones of industrial enterprises
but the degree of increase of the content of the pollutant in the leaves of
plants of various protective plantations is not proportional to the quanti-
tative indicators of the level of SO, in the air.

‘Woody plant species were divided into three groups according to
the amount of sulfur accumulated in their leaves: I — the maximum level —
Betula pendula, Tilia cordata, Salix alba, Robinia pseudoacacia, Populus
alba, Populus simonii, Populus nigra, 11 — medium — Acer platanoides,
Acer negundo, Fraxinus lanceolata, Catalpa bignonioides, 11 — the
smallest — Morus alba, Ailanthus altissima, Elaeagnus angustifolia and
Ulmus carpinifolia.

The increase of sulfur concentration in the leaves of woody plants
growing in the areas of sanitary protection zones, in relation to the control
parameters, is consistent with the increase in their content of glutathi-
one, which is not only of an important physiological significance, but
also its formation can be one of the ways of metabolizing this element.

The obtained results can be used for the development of recom-
mendations with the purpose of selecting the assortment of woody
plants for the reconstruction of green plantations growing in the area of
sanitary protection zones of enterprises.

In a subsequent study, the accumulation of gaseous pollutants such
as chlorine and phenol in the leaves of woody plants growing in and
around protective forest belts will be examined.
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