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BIOINDICATION OF
AEROTECHNOGENOUS
SOILS POLLUTION IN THE
INDUSTRIAL CITIES OF
DNIPROPETROVSK REGION

3abpyonenux  cpynmie  micm

uinponempoecoka ma /[ninpooseprcuncoka. Minaugicmo 3a0pyOHeHHA HAGKOTUWIHBO2O
cepeoosua  GANCKUMU MEeMmanamu 3HAUWIA CBOE 6I000PAdCEHHs Y BION0GIOHII
eapiabenvnocmi pi3HUX OOMIHHUX RDPOUECi8 00CAIONHCYBAHOI Mecmo6oi pociunu, AKQ
6KI04AIOMb 3HUMNCEHHA IHMEHCUBHOCMI 3a2a1bH020 0I1K06020 cunmesy, (Popmyeanns
Pi3H020 3a CKIA0OM | IHMEHCUBHICHIO NYJIY 1€2KOPO3ZUUHHUX YUMONIAZMAMUYHUX OLIKIS,

3MiHy AKMUBHOCMI CUCIEMU AHMUOKCUOAHMHO20 3axucmy.

The amount of the atmospheric emissions
made by the enterprises of mining-metallurgy
industry makes 54,3 % of harmful substanc-
es from the total amount of emissions in the
Dnipropetrovsk region. The range of pollut-
ants depends on the number and types of the
industrial enterprises located within the ur-
ban area [1]. The most crucial factors which
determine the quality of the atmosphere in
the megalopolice of Dnepropetrovsk are
the amounts and compositions of industrial
emissions [2]. Proteins, being the primary
products of gene expression, represent in-
formation about genetic systems in the most
explicit way [3]. Therefore, an analysis of a
protein phenotype provides a direct way for
an analysis of a genotype. In this regard, the
application of the method of protein mark-
ers in investigations of the impacts of pollut-
ants on vegetation organisms seems to be the
most appropriate approach in terms of its ef-
ficiency. It provides a reliable assessment of

quality of the urbanized areas. With the above
in view, the goal of the present research was
to apply genetic-environmental approach as a
tool for investigating the impacts of industrial
emissions on test plant condition in Dnepro-
petrovsk and Dniprodzerzhinsk cities.

Materials and Methods. The multi-
pollution exposure assessment was made
for the several sites in Dnipropetrovsk and
Dneprodzerzhinsk cities. Soil samples were
taken near several enterprises in DP city:
site 1 — Gagarina av.(botanic garden); site 2
— Shevchenko park; site 3 — Philosopsky st.;
site 4 — Petrovsky av.; site 5 — Heroes av;

Dniprodzerzhinsk city: site 6 — Tsarichan-
sky district (arable land), site 7 — Pelina av.;
site 8 — Liberators av. site 9 — Dnipropetrovs-
ka st., 77°; site 10 — Lenina av. 28

Different distances from metallurgical,
chemical plants or roads with motorcar emis-
sion were taken in account. The coefficient of
heavy metals accumulation in soil of industri-
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al sites has been calculated as following [4]:
K =C/C, (1)
where C, - element content in soil, mg/kg;
C — background content, mg/kg.
Index of soil total airborn polution (TAP)
with heavy metals Z_was calculated with for-
mula [4]:

n
Ze =Y (K¢ —(n-1), )
i=1
where n — elements number.

The threat caused with technogenic pollu-
tion is fixed when K, > 1, and Z > 1, or more
detailed as bellow:

- Z, < 16 — permissible level of soil pol-
lution;

- 16 <Z_ <32 — moderate threatening;

- 32 <Z_ <128 — threatening;

- Z_ > 128 — extraordinary threatening.

Bioindlication of aerotechnogenous soils pollution
in the industrial cities of Dnipropetrovsk region

Soil samples were prepared for chemi-
cal analyses by heavy metal extraction with
INHCI. The content of heavy metals in the
samples was determined by flame atomic-ab-
sorption spectrophotometer.

The multifactorial soil pollution influence
on functional state of test radish seedlings
was studied. 4-days radish seedlings were
treated in the water-soluble soil extracts in the
Petri dishes. The contents of readily soluble
proteins of coleoptiles in 4-days red radish
plantlets withdrawn by the buffer 0,05 M tris-
HCl and pH 7,4 were defined according to the
method of Bradford [5] the activity of peroxi-
dase was determined right after the secretion
[6]. Protein spectra in the 4-days radish roots
(variety “Frenchpop”’) were determined with
SDS-electrophoresis. While analyzing an in-
dividual sample set comprising 50-100 seeds,

1. Contents of heavy metals in soils withdrawn firom different industrial sites of Dnepropetrovsk

and Dniprodzerzhinsk, mg/kg
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the following parameters were defined: the
total number of spectrum types as an inherent
characteristic of each level of polymorphism
in the seed proteins, a quantitative ratio of
spectrum types, and frequencies of occur-
rence of the most common spectrum types
being studied.

Results and discussion. The carried out
investigation of the different industrial sites in
Dnepropetrovsk and Dniprodzerzhinsk cities
have shown nonuniformity of soil pollutions
with heavy metals (table 1).

Highest level of the heavy metals soil pol-
lution of Dnipropetrovsk sites (in comparison
with Botanic Garden as the conditional con-
trol) was fixed for neighboring with metallur-
gical plant of Petrovsky (MPP) area. Index of
soil total airborn polution (TAP) with heavy
metals for MPP site was obtained after calcu-
lations on formula (1) and (2). Final result of
calculation is following:

Z =(1,56+36+8,7+1,77+2,41 +
+4,45+ 4,27 —(7-1)) = 53,16.

Taking in account that index of TAP is more
then 32 current environment load near MZP
can be estimated as threatening situation.

2. Morpho-physioloogical indexes changing in 4-days radish sprouts grown on water
extracts of soil from different sites of Dnipropetrovsk city

Bioindlication of aerotechnogenous soils pollution
in the industrial cities of Dnipropetrovsk region

Highest level of the heavy metals soil pol-
lution of Dniprodzerzhinsk sites (in compari-
son with arable land of Tsarichansky district
as the conditional control) was fixed also for
neighboring with metallurgical plant of Dzer-
zhinsky (MPD) site. Zc for neighboring with
MPD area (square near “Prometey” monu-
ment, Pelina av.) is 16. This site Zc calcula-
tion (in comparison with Botanic Garden as
the control) was 20. Thus current environ-
ment load near MPD regarding comments to
formula (2) was estimated as moderate threat-
ening.

The multipollution exposure influence on
functional state of 4-days test radish seedlings
was studied for the several Dnipropetrovsk
city sites (table 2).

There was not fixed any limitation for
sprouts growth in Dnipropetrovsk soil sam-
ples on lenghth and mass indexes. It can be
explained with high level of buffer capacity
of chernozem soil to heavy metals [3]. Toxic
ingredients of the polluted soil have affected
an essential influence on the metabolism of
red radish plantlets, which was shown in the
reduction of protein level accumulation. The

ICHVK

Ne 1) 201

%IITPOHETPOBCBKOFO
AT'PAPHOI'O YHIBEPCUTETY

9



CIIbCbKOIOoCrnoaAPCbKA
EKOnorid

roots/sprouts ratio of red radish biomass was
between 0,36-0,48 or low in 10-30 % in com-
parison with the conditional control (Botanic
Garden). Peroxidase activity in leaves of the
sprouts grown on water extracts of soil taken
from Botanic Garden and Shevchenko Park
were 2-3 time more then in other samples.

The multipollution exposure influence on
80

Bioindlication of aerotechnogenous soils pollution
in the industrial cities of Dnipropetrovsk region

3. Morpho-physioloogical indexes changing in 4-days radish sprouts grown on water extracts
of soil from different sites of Dniprodzerzhinsk city

functional state of 4-days test radish seedlings
was studied for the several Dniprodzerzhinsk
city sites (table 3).

There was not fixed any limitation for
sprouts growth in Dniprodzerzhinsk soil sam-
ples on length and mass indexes. The protein
concentration in sprout samples rised up to 1,5
times while moving away from DPP (square
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Bioindlication of aerotechnogenous soils pollution
in the industrial cities of Dnipropetrovsk region

4. The components composition and peroxidase activity of the easily soluble proteins of the
4-days radish sprouts radish growed in the water soil solutions of the samples taken in the

different cities sites

near “Prometey” monument, Pelina av.) to
Dnipropetrovska street in distance 5-7 km
(fig.). Similar dependence was observed also
for peroxidase activity in radish sprouts. The
decreasing in the peroxidase activity from 3,5
to 5,5 times in the radish sprouts grown on
water extracts of soil taken near MPP and
MPD sites was established.

The lowering of intensity of protein syn-
thesis in radish sprouts near source of pollu-
tion has its own physiological meaning. It can
promote to keep the device synthesizing pro-

tein at the translation stage. It also reduces the
energy loading on the cell, because protein
synthesis is one of the most power-intensive
physiological processes, and this process re-
duces a probability of the metabolic self-dam-
age of cells.

One of the most important features of the
change in metal-induced metabolism of cells
is the change of activities of enzymes antioxi-
dant protection.

The myltipollution exposure influence on
functional state of 4-days test radish seed-
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lings was studied for nine cities sites (table
4). EF-spectra comparative assessment shows
that variability of soil pollution from different
sites lead to active reorganization in cell pro-
tein system. In our study the activity of perox-
idase determined in roots and leaves of radish
sprouts varies considerably. That is caused by
the nonuniformity of the composition in the
investigated sites.

Bioindication of aerotechnogenous soils pollution
in the industrial cities of Dnipropetrovsk region

It was found both an increase, and a de-
crease in the specific activity of peroxidase.
Thus, it is possible to suppose that an increase
in the enzyme activity can be considered as
a demonstration of the protective reaction of
plants under the conditions of the polluted en-
vironment. Oppression of the peroxidase ac-
tivity testifies to a significant toxic influence
of xenobiotics on the root of sprouts.

Concluding remarks

1. The soil airborn pollution influence on
functional state of radish seedlings was stud-
ied. It has been shown, that the variability of
chemical composition of soils from different
polluted sites lead to active reorganization in
cell protein system.

2. The bluing of environment pollution
with heavy metals has found its reflection in

the corresponding variability of different ex-
change processes of the cell, which includes
a decrease of intensity of general protein syn-
thesis, the formation of different in the com-
position and intensity of pool readily soluble
cytoplasm inclusion proteins, the change in
activity of the antioxidant protection system.

References

1. Babiy A. Connection between emissions
and concentrations of atmospheric pollutants
/' A. Babiy, M. Kharytonov, N. Gritsan // Air
Pollution Processes in Regional Scale, NATO
Science Series, IV: Earth and environmental
sciences. — Kluwer Academic Publishers :
Printed in the Netherlands, 2003. — P. 11-19.

2. Kharytonov M. Environmental prob-
lems connected with air pollution in the in-
dustrial regions of Ukraine / M. Kharytonov,
N. Gritsan, L. Anisimova // Global atmo-
spheric change and its impact on regional air
quality. NATO Science Series, IV: Earth and
environmental sciences. — Kluwer Academic
Publishers, 2002. — 16. — P. 215-222.

3. Kharytonov M. Steppe soils buffer ca-
pacity and the multipollution impact of indus-
trial enterprises in Ukraine / M. Kharytonov,

A. Kroik, L. Shupranova // Multipollution Ex-
posure and Risk Assessment. A Challenge for
the Future. — Printed in the Netherlands, 2007.
—P. 369-376.

4. I'ononobosa O.0. OuiHKa MONieIeMEHT-
HOTO 3a0pyIHEHHS IPYHTIB TEPUTOPIH pi3HO-
IO pIBHS aHTPOIOTEHHOTO HaBaHTAKCHHS /
0.0. Tononobosa // JoguHa Ta IOBKIIA.
[Tpobmemu neoekomorii. — 2011. — Ne 1-2. —
C. 118-124.

5. Bradford M.M. A Rapid and Sensitive
Method for Quantitation of Microgram Quan-
tities of Protein Utilizing the Principle of Pro-
tein Dye Binding / M.M. Bradford // Anal.
Biochem. — 1976. — 248-254.

6. bosipkun A.H. BeICTpBIi MeTO/T OTIpeiene-
HUsI aKTUBHOCTH Tiepokcuasbl / A.H. bospkun
// brnoxummst. — 1951. — T. 16. — C. 352-355.

Peyenzenm — doctor of agricultural sciences,
professor O.P. Yakunyn

42

B I C I_1 l/l l< ﬂE}I)H)KTHETPOBCI)KOFO

Ne 1601 2013 ATPAPHOIO VHIBEPCUTETY





