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The aim of the work was to determine the possibility of using the number and activity of
Azotobacter cells and melanin-synthesizing micromycetes as indicators of gray forest soils of
different types (fallow, extensive and intensive agrosoil) pollution with heavy metal ions. For this
purpose, there were used laboratory-analytical, microbiological and statistical methods. As a result
of research of increasing doses of heavy metals (zinc + lead) influence on the number of microorganisms
in the gray forest soils it was found that the number and activity of Azotobacter and the number and
part of melanin-synthesizing micromycetes in their total number may be fit into indicators of
pollution with heavy metals. Azotobacter cells activity index may be considered indicative at
contamination levels of 5—100 of maximum permissible concentration in the absence of vegetation, at
contamination levels of 10100 — for soils with phytocenosis. The number and proportion of melanin-
synthesizing micromycetes in total guantity may serve as diagnostic sign of gray forest soils pollution
with high doses of heavy metals, but only for the period of contamination up to 2 years.

It was shown that nature of the effect of heavy metals on the number of microorganisms of indicative
groups depended on the presence of plants in the monitoring system, on doses of heavy metals, on the term
of contamination and on the type of soil usage.
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heavy metals.

The need to study the impact of heavy
metals on soil microbial communities does not
cause doubt because the microorganisms are the
first in food chain for heavy metals entering
into the organisms of higher animals and
humans. In addition, with soil microorganisms
usage the degree of soil contamination by heavy
metals can be controlled, so microorganisms
can be used as indicators of ecotopes pollution
[1-3]. Evaluation parameters of the properties
of microorganisms-indicators of soil pollution
are divided into two main groups. Firstly, there
are parameters of the total activity of microbial
community: intensity of carbon dioxide
respiration, activity of mineralization —
nitrogen compounds immobilization, certain
enzymes activity, and so on. Secondly, there
are indicators of microorganisms of certain
ecological-trophic, functional and taxonomic
groups number, indicators of microbial and
fungal biomass amount. This parameters
combination is possible with the simultaneous

use of data on the abundance and activity of
microorganisms-components of microbial
communities.

The aim of our study was to determine
the possibility of microorganisms such
as Azotobacter and melanin-synthesizing
micromycetes usage as indicators of gray
forest soils of different types pollution level
with heavy metal ions.

Materials and Methods

Model experiment was conducted using
gray forest soils of stationary experiment of
the laboratory of cereals and maize intensive
technologies of National Scientific Center
“Institute of Agriculture of the National
Academy of Agrarian Sciences of Ukraine”
(experimental farm “Chabany” Kyiv-
Svyatoshinsky district, Kyiv region): extensive
agrosoil — field crop rotation without
the use of mineral and organic fertilizers
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from 1987; intensive agrosoil — field
crop rotation with fertilizers NggP;05sK12.5
saturation backgrounded by plowing crop
byproducts. The 0—20 cm layer of extensive
soil variant contained: humus — 1.31%,
alkaline hydrolyzed nitrogen — 6.44 mg,
nitrate nitrogen — 0.45, ammonium
nitrogen — 0.18, mobile phosphorus — 22.5
and exchangeable potassium — 5.90 mg
per 100 g of dry soil; phosphorus level of
mobility — 0.21 mg P,05/100 g of the soil,
pPHkcyy — 5.7. The 0 — 20 cm layer of intensive

soil variant contained: humus — 1.75%,
alkaline hydrolyzed nitrogen — 6.86 mg,
nitrate nitrogen — 6.46, ammonium

nitrogen — 0.20, mobile phosphorus — 60.0
and exchangeable potassium — 25.4 mg per
100 g of dry soil; phosphorus level of
mobility — 0.66 mg P,05/100 g of the soil,
PH ey — 4.9. Fallow soil was characterized
by the following indexes: humus — 2.74%
alkaline hydrolyzed nitrogen — 9,33 mg,
mobile phosphorus — 386.8 mg and
exchangeable potassium — 15.3 mg per 100 g
of dry soil, pH ke — 5.6 .

The soil was taken in the fall and before the
experiment its biological activity was restored
by moisturizing and thermostatting at 25 °C
for 21 days. We investigated the variants with
artificially created backgrounds of zinc and
lead: 1, 2 — soil with natural concentrations
of heavy metals with and without phytocenosis
(corn); 3, 4 — exceeding the maximum
permissible concentration (MPC) 5 times;
5, 6 — exceeding the MPC 10 times; 7, 8 —
exceeding the MPC 100 times. When creating
contamination backgrounds, we took into
account the acid soluble metal fraction, since it
is considered the main technogenic part of the
stock of heavy metals in soil. For 8 days before
the introduction of heavy metals, in some part
of vessels we sowed corn seeds. Into control
vessel to equalize the nitrogen content, we add
KNOj solution of appropriate concentrations.

Microbiocenosis state was examined at 1,
21, 31 days, 6, 12, 18 and 24 months after the
introduction of heavy metals. The number and
activity of microorganisms of major ecological-
trophic groups, microbiological processes
targeting were determined by methods that are
described earlier [4]. Statistical analysis of the
results was performed using modern computer
software package Microsoft Office.

Results and Discussion

The results shown in the Table 1 indicate
the complexity of the nature of the heavy
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metals effect on the number of Azotobacter:
it depends on the presence of plants in
the system, the dose of heavy metals, the
incubation period of contaminated soil and the
type of its previous usage. Thus, in the soil
with natural content of heavy metals (control)
the plants perform protective function for
Azotobacter under intensive use of soil in
agricultural production and in the long fallow
state. Under the extensive use of gray forest
soil in small terms of pollution the number
of Azotobacter in variant with phytocenosis
is lower compared to the variant without
plants, and after 6 months of incubation the
difference between the variants is unreliable.
Especially noticeable difference between the
types of soil is found under the conditions of
pollution with heavy metals: in fallow soil
at pollution with heavy metals at a dose of 5
MPC the Azotobacter number in the variant
with phytocenosis exceeds its amount in the
variant without plants at incubation period
for 1 day 1.69 times, 32 days — 9 070 times,
in intense agrosoil the corresponding indexes
are 1.66 and 1.41 times. In extensive agrosoil,
the protective action of plants on Azotobacter
population in the respective variants of the
experiment at 5 MPC and greater levels of
contamination were not observed.

Previous studies of microbial communities
structure of gray forest soils with differently
targeted usage has shown that by targeting
and intensity of mineralization processes
the intensive agrosoil is more like a fallow
soil, because at this applying method, large
or 100 % part of biomass, which has grown
in this soil, returns to the soil and along
with it — macro- and microelements [4]. At
intensive usage, the exogenous sources of
mineral elements are applied in a soil and
crop by-products are turned into the soil,
which leads to profound differences from
extensive agrosoil, which alienates macro-,
microelements and carbon for 24 years.

On the first day of observations in fallow
soil at small contamination levels, the plants
perform protective function for Azotobacter,
and at high contamination levels, they cannot
do it through biochemical stress. However,
after 32 days the protective function of the
plants is manifested in all variants except
variant with a maximum contamination
level (100 MPC). In intensive agrosoil, the
protective function of plants is observed at all
terms of observations and at all contamination
levels except the maximal (Table 1). A possible
reason for these differences between the
variants of gray forest soils usage may be the
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Table 1. Azotobacter amount in gray forest soils of different usage types depending on the term of pollution
with heavy metals (% of mud balls overgrowing)

Fallow Intensiye Extensive agrosoil
agrosoil
Variant 6 19 18 94
1day |32days| lday |32days| lday |2ldays months | months | months | months
Control with- | 34.8 = | 0.67 % | 58.7= | 60.0= | 100.0 [100.0=| 98.7+ | 93.3+ | 95.3* | 86.0 =
out plants 2.11 0.04 5.88 4.55 | =£10.5 11.2 10.5 7.72 9.01 6.88
Control + 374+ | 4.00*+ [94.0=+ | 62.0* | 94.7+ | 90.7T+ | 97.3+ | 92.0= | 88.7= | 90.7 =
phytocenosis 2.01 0.54 9.01 4.15 8.74 10.5 11.2 7.44 7.88 9.28
5 MPC with- | 19.6 = | 0.01 = [ 45.3+ | 22.7%* | 96.0+ | 98.0+ | 98.7+ | 95.3+ | 88.0+ | 92.7+
out plants 1.88*% | 0.001* | 2.02% | 2.45% 9.88 8.98 8.56 8.24 7.82 10.5
5 MPC + phy- | 33.2= | 90.7= | 75.3=| 31.0%* | 96.0= | 98.2%+ | 99.0= | 100+ | 95.3+ | 93.3 +
tocenosis 2.04 8.756% | 6.22% 2.88% 10.5 8.74 .99 9.46 9.22 8.92
10 MPC with- | 20.4 = | 0.67=+ | 0.07%= | 9.00+ | 92.0+ | 98.7+ | 96.7= | 98.7+ | 97.3+ | 86.0 =
out plants 1.69* 0.071 | 0.006* | 0.88* 10.6 8.76 9.55 6.44 8.91 8.27
10 MPC + 14.4+ | 10.0= | 30.7= | 17.6* | 97.3+ | 97.3% |100.0 = |100.0 = | 100.0%+ | 100.0 =
phytocenosis | 1.22% 0.98% | 2.12* | 0.168* | 9.98 10.1 12.0 9.19 8.58 10.8
100 MPC
. 174+ | 20.0= | 0.67 = * - " . .
without 1.58% 1.68% | 0.054% 0* 0 0* 0* 0 0* 0*
plants
100 MPC + 12.0 = | 4.67 = - . - ; ;
phytocenosis | 1.09% 0.55 0 o* 0 0* 0* o* 0* 0*

Note: hereinafter * — P < 0.05 (compared to control).

different levels of anthropogenic pressure,
which in intensive agrosoil is the highest
among the studied variants; and counteraction
mechanisms to the stressors of chemical type,
which include heavy metals, in this variant are
activated.

Azotobacter belongs to an important group
of microorganisms that are indicators of
ecological purity of the soil and its quantity
decreases when introducing many pollutants,
including petroleum products [5—7]. This
is confirmed by experimental data on the
number of Azotobacter reduction through
one day after entering the heavy metals. In
the fallow soil it is reduced at 5 MPC doses
of heavy metals in variant without plants by
77.6%, in the root zone of phytocenosis — by
4.82% ; at 10 MPC doses of heavy metals the
Azotobacter number is reduced respectively
by 70.6 and 159.7% ; at 100 MPC — by 100.0
and 211.7% . Consequently, at small pollution
levels the Azotobacter number decreases slower
in root zone of phytocenosis, and at 10 and 100
MPC — in the absence of phytocenosis.

The protective function of plants for
Azotobacter also is shown by the results of
studying the activity of these microorganisms

by Kozhevin and colleagues method [8], which
allows determining the number and activity
of Azotobacter cells in soil simultaneously
in the analysis of the emergence of bacterial
colonies on the nutrient medium. Analysis
of microbial cells activity is based on the
assumption that the probability of colonies
formation in a laboratory depends on the
parental cell state in nature. According to the
analysis, the probability of colonies formation
(PCF) of Azotobacter in the rhizosphere of
plants is higher than the similar indicator of
soil without plants, in control — 2.94 times,
at 5 MPC — 195 times, at 10 MPC indices
have the same value, at the maximal pollution
of soil with heavy metals the Azotobacter cell
activity, as well as its quantity, is the maximal
in soil without plants (Table 2). Experimental
data on changes of Azotobacter physiological
and biochemical activity in contaminated soil
also confirmed the possibility of its use as a
diagnostic microorganism for heavy metals
pollution. Thus, PCF of Azotobacter in the
uncontaminated soil is 72 times higher than
indexes of variants with pollution of 5 and
10 MPC, 2.18 times — of 100 MPC (without
phytocenosis), in variants with phytocenosis
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Table 2. Probability of colonies formation of nitrogen cycle microorganisms (A, h™! - 1072) in gray forest soil
(fallow) contaminated with heavy metals for 32 days

g 2 "
& ¥ e = & =z g
Ne Variant g F3 pe 2 g e
E £ g g E g 3
g s g gb 3 < N
< £ E 5 A = <
= 3
Control without 1.50 = 0.158 =
1 S S o8 5.56 = 0.45 |0.836 = 0.07| 1.69 = 0.14 | 0.723 +0.08
g | Control +phy- | o6r i 5.021]0.153 +0.011| 3.11+0.25 | 13.5=0.11 | 2.98+0.22 | 2.12+0.09
tocenosis
3| ° Mf;?a"r‘ighom 0.424 + 0.052%0.189 = 0.017%|1.02 = 0.09%|0.439 + 0.04% 2.13 + 0.15% | 0.010 = 0.001%
4| ° Mlzgnzsf;syto' 1.88 = 0.150% [0.146 + 0. 011| 2.78 + 0.19 | 10.7 = 0.95% | 1.06 = 0.09%| 1.95 + 0.21
5 |10 Ml;gl‘;vtlstho‘lt 1.53 = 0.131 [0.054 + 0.004%|2.46 + 0.15%(0.192 = 0.02%0.556 = 0.06% 0.010 = 0.001*
6 | 10 %VIPC T Phy- |5 47+ 0.189% [0.065 + 0.005%| 2.83 £ 0.21 | 13.0 = 1.14 | 2.24 = 0.28%| 0.010 =+ 0.001*
0OCEeNosis
7 | 100 MPCwith- 15 g7 . 5 085%(0.063 = 0.007%1.24 = 0.13%| 4.01 = 0.52% | 5.41 = 0.45% | 0.332 = 0.04*
out plants
8 100,61(‘)’1051?0:15}13" 2.73 + 0.180% |0.017 = 0.002%3.80 = 0.22%(0.204 = 0.02% 2.21 = 0.18%| 0.134 = 0.02*

corresponding figures were 1.09, 212 and
15.8. Thus, soil pollution with heavy metal
ions inhibits Azotobacter cells activity, and
this figure can be considered indicative for
pollution of gray forest soils at contamination
levels of 5-100 MPC in the absence of
vegetation, at the pollution level of 10-100
MPC — on soils with phytocenosis. The reason
of Azotobacter special sensitivity to the toxic
effects of heavy metals may be the fact that the
heavy metal ions cause in this microorganism
simultaneously the protein, RNA and DNA
synthesis inhibition [9], whereas in other
microorganisms — mainly protein or RNA
synthesis [10].

At intensive agrosoil incubation for 32
days, the pattern becomes noticeable: the
higher the level of soil pollution with heavy
metal ions, the more pronounced is the
protective function of plants for Azotobacter.
In particular, the number of Azotobacter in
the rhizosphere of plants is higher than the
indexes of soil without plants, in control —
by 3.33%, at 5 MPC — by 36.6, at 10 MPC —
by 95.6% (Table 1). During this incubation
period, the number of Azotobacter decreases
with the doses of pollutant increasing in soil
without plants: at 5 MPC — 2.64 times, at
10 MPC — 6.67 times; the corresponding
figures for the rhizosphere of plants are 2.0
and 3.52 times. For the maximal level of soil
pollution with heavy metals (100 MPC), the
mud balls overgrowing method do not detect
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the Azotobacter. Thus, a series of model
experiments shows that the number and
activity of Azotobacter cells are diagnostic
indicators of the intensity of gray forest soil
pollution with heavy metal ions.

The ability to form melanoid pigments
is believed the protective reaction of
microorganisms to anthropogenic pollution
[11]. The results of our modeling studies
confirm this finding: the pollution with heavy
metal ions in a day leads to an intensification
of the synthesis of melanin-like pigments
and increase in the number of melanin-
synthesizing micromycetes at 5 MPC 4.40
times, 10 MPC — 5.90, 100 MPC — 3.75
times (Table 3). At the root zone of plants,
the number of melanin-forming micromycetes
almost independent of pollutant dose, except
the variant with 100 MPC, where an increase
1.69 times in the number of CFU is observed.
At pollution levels of 5-10 MPC the plants in
the first stage perform a protective function
for microorganisms of own rhizosphere, so
the latter do not need to synthesize melanoid
pigments.

With pollution level increasing, not
only the number of melanin-synthesizing
micromycetes, but their part in the total
number of micromycetes, especially at
100 MPC, significantly increases. On the
215" day of incubation, the situation in the
root zone of plants varies: the number of
melanin-synthesizing micromycetes increases



Experimental articles

*(19%,) S97100AWOIOTU JO JOqUINU [B}0} UI SWLIOJ SUTZISOYJUAS-UTUR[OW JO 1aed 9} — x4 ([10S AIP A[9n[osqe
J03/NAD ;0T 59190AWOIITW SUTZISOYIUAS-UTUR[OW JO JOQUINU 8} — g ¢[10S AIp A[oinjosqe jo /N JAD 40T €59300AWOJIOTUI JO JOQqUINU [B}0} 8} — T 270N

. . 670 | #¢°0T . . . . . . . .
| owgro | wevs | o, |9 A o | #76°0 | 782 | oo | 580°T | 28972 | ..o | 29670 | 26270 | ... | ¥5°0 | xgg0 | stsousvoshyd
€88 | “ozz | Fog6 | 048 eze | 0Bl 8€V | 2601 | 988 |99 |seur| =21 |08 |20z2|F102| % %0 | x26'¢| 22°9 | +DdIW 00T
. 18°6 %80 . . . . . . . . . syuerd
. %6170 * . YA . %8170 +G6°C . %66'T | %G3'1 . +¥2,°0 | *¥8°0 . %*G9°0 | *¥S°0
0g'1 | ¥l = |eon| =+ | ¥CVE Iggg| ¥ELO0 | x967C | a.gq | #CE L | #BEL | o)y | #FL0 1 5V80 | age | ¥99°0 | #TE noyym
* 86°C eez] zLe Fa'vL FIECE | VLY FC'QT | FL'18 FL0°8|F69T F09'L | FG9°2 IdIN 00T
. . 980 . . . . . . . . .
| sgeo | «682 | ... €0 | 4260 | ... | xc00 | wc0 | .. 290 | «¥60 | .. | «%0'T | 268°¢ | .. . | #82°0 | x¥6°0 | ssousoosAyd
1L S 9gy | +9'6e | 987 zap | 7101 Sl 2011 | w088 | 999 | s9cc| 688|008 s 11|08 |0 | s 119 | =201 | +0dWOT
. . cvo| .. . . . . . . . .
o | 2270 | 2118 | oo |F9V0) grr || #88°0 | #88°0 | ..o | #1270 | #66°0 | oo | #2770 | 9S8 | .o | #88°0 | 2G4°0 | syuerdsno
€V | £ 69| w10z | B9 e | FOET VEE | sepy | zeer |V sv19 w001 | 9% |Fhee|=e8z| %8  Fer | 28T | -uim DA OT
. . 62°0 . . . . . . . . .
| eso | 2t | .. 60 | yer || g0 | =201 | .. | x6c°0 | «88°0 | .. | «G8°0 | x¢8'e | ... | 82°0 | ¢80 | stsoueooy
e1e | g1 | +o1g | 9768 oy | FOI L9 Zooe | =ppr | 8LV |10 | Far8| 0% s 1p6|=aee| S | w2oe | = e |-Aud + DA €
ool 790 | 882 | ... |s8v0| erT |.... | «P€°0 | %290 | .. 220 | x60°T | . | x¢90 | «50°2 | ... | %00°0 | 2G0T | syuerdsino
€88 zeze | pve | VOV |soce| weer | VYV | scer | vo08'6 | 08¢ | =89'¢ | 7896 | £0% | wczy | 1ce | 94| w8208 | F0'eT | -wntM DA @
. . ¢7'0 . . . . . . . . .
| o280 | ore | . Ol w1 | .| szo | w80 | . 9¢'0 | 68T | ..o | ¥9°0 | 20T | .o | 82°0 | 20T | stsousoosdyd
V0l woee | wemy | YO8 S| weor |99 sore | w6 | 0% | were | 6ot | P |Fe0o| w60t | O =epe | = TeT |+ omuop
. . 82°0 . . . . . . . . .
. 1c0 | 88z | .. 50 801 || w90 | 9270 | .. 820 | 660 | ... | eco | e11 | ....| 800 | 18°0 | syuerdino
PP s66p | wece | 9% | T Iwear | ¥ were | weae | PO | wooe | zoer |V | =gy |Faoe| T O | Fvre | 70T | wim onuop
% z 1 % | z 1 % 2 1 % z I % | @ T |w%| 2 1
syjuow g syjuow g syjuow g syjuow g skep 1g Aep 1 JuRLIR A
poriad uoryeqnouy

([T0S013® SATSUI)IXD) [I0S }S9J0J AvAS UL
SULIOJ SUIZISOY)UAS-UTUR[OUL JIO]) PUB S9)9IAUIOIIIUI JO JOqUINU [B)07 ) U0 SUOI [elowl AAeaY Y}im porrad uornynjjod jo sduanjjuy ‘g 279,

69



BIOTECHNOLOGIA ACTA, V. 10, No 3, 2017

depending on the dose of heavy metals: at
5 MPC — 1.56 times, at 10 MPC — 2.33
times, at 100 MAC — 1.20 times. Soil variants
without phytocenosis are also characterized
by increased number of melanin-synthesizing
micromycetes compared with uncontaminated
soil. At this, the part of melanin-synthesizing
micromycetes practically does not change
depending on the dose of heavy metals (with
the exception of 100 MPC). After 6 months
of contaminated soil incubation, the amount
of melanin-synthesizing micromycetes ceases
to depend on the dose of pollutant in the
variant with phytocenosis at concentrations
of heavy metals of 100 MPC, without
phytocenosis — at 10 and 100 MPC. At 18
months incubation, this relationship is lost
for all experimental variants except variant
of phytocenosis with pollution of 100 MPC.
At 24 months incubation of contaminated
soil, the variants with pollution of 100 MPC
are characterized by less number of melanin-
synthesizing micromycetes than soils with
lower pollution level. At this, the total
number of micromycetes in variants with
maximal pollution level increases sharply,
indicating that at prolonged pollution of
gray forest soil (extensive agrosoil) the other
mechanisms to protect micromycetes cells
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MeTo10 po60TH OYJI0 BCTAHOBUTH MOKJIUBICTH
BUKOPUCTAHHS YMCEJBHOCTI Ta aKTUBHOCTI KJIi-
THUH a30T00aKTepa i MeJlaHiHCUHTE3yBaJIbHUX Mi-
KPOMIiIeTiB AK iHIMKATOPHUX NOKAa3HUKIB piBHA
3a0pyqHEeHHSA ioHAMHU BamKKHX MeETAaJiB ciporo
JicOBOTrO I'PYHTY Pi8HUX THUIIIB (IIepeJir, eKcTeH-
CUBHUY Ta iHTeHCHUBHUI arposemu). yisa BUKO-
HaHHA IIOTO 3aBAAaHHA OyJ0 3aCTOCOBAHO J1abo-
paTopHO-aHAJIITHUUYHUHN, MiKpOoOiosoTiuHM i cTa-
TUCTUYHUN MeTOnu. Y pedyJabTaTi AOCHIiAKeHHA
BILIMBY 3POCTAIOUYUX 03 BAXKKUX MeTaliB (I[TUHK
+ cBUHeIb) HA YMCEJbHICTh MiKpPOOpPTraHisMiB y
cipomy JricoBoMy I'PYHTi BCTaHOBJIEHO, ITIO 1O iH-
IUKAIiMHNX TOKAa3HUKiB 3a0pyIHEHHA BAKKUMU
MeTaJaMU MOKHa BiHeCTH YMCeJIbHICTH Ta aK-
TUBHICTBH a30T00AaKTEPAa, a TAKOXK YMCEJIbHICTD Ta
YaCTKY MeJIaHiHCHUHTe3yBaJbHUX MiKPOMIiIeTiB y
ix garanbHiit KinbKocTi. [loka3HUK aKTUBHOCTI
KJITUH a3oTobaKTepa MOMKHA BBaKaTU iHIUKA-
1itiHuM 3a piBHiB 3a6pyaHeHHA 5—100 rpaHUYHO
JOMYCTUMUX KOHIIeHTpaIlill y pasi BizcyTHOCTI
POCIMHHOTO MOKPUBY, 3a PiBHIB 3a6pyaHEeHHSA
10-100 — ma rpyaTax i3 ¢giromenosom. Kinasn-
KicTh Ta yacTKa MeJaHiHCUHTEe3yBaJbHUX MiKPO-
MimeTiB y 3arajgbHill KiJIbKOCTi MOXKYTh CIyTryBa-
TH AiarHOCTUYHOIO 03HAKOIO 3a0pyIHEHHS BUCO-
KUMHU J03aMHU Ba’KKWX METaJIiB ciporo JiicoBOTro
I'PYHTY, OJHAK JUIIIe 3a TEPMiHy 3a0pyIHEHHA He
Oiybire 2 poKis.

IToxasaHo, 1[0 XapakKTep BILJIUBY BarKKUX
MeTaJIiB Ha YMCeJbHICTh MiKpoOpraHisMiB iHgM-
KalliilHUX TPyH 3aJIEKUTh BiJl HAABHOCTI POCINH
y CHCTEMi MOHITOPHHIY, 03U Ba’KKWX MeTaJiB,
TepMiHy 3a0pyAHEHHA i THUIY BUKOPUCTAHHSA
I'PYHTY.

Knwouosi cnosa: azorobaxkTep, MeJIaHiHCUHTE3Y-
BaJIbHI MiKpOMIilleTH, JiarHOCTUYHUYN NOKa3HUK,
3a0pyaIHEeHHS, BaXKKi MeTaJIn.

BJIUSHUE 3ATPA3HEHHNA NOHAMU
TANEJDBIX METAJIJIOB
HA 9YUCJEHHOCTb U ARTUBHOCTD
A30TOBAKTEPA "
MEJAHUHCHUHTESHPYIOIMNX
MHUEKRPOMMUMIIETOB

H.M. Manrunosckas

HHII «MacTuryT 3emnenenna HAAHY »,
Yabaubl, YKpanua

E-mail: irina.malinovskaya.1960Q@ mail.ru

ITenwnio paboThI OBIJIO U3YyUEHUE BOZMOMKHO-
CTU UCIOJH30BAHUSA YWCJIEHHOCTA U aKTHUBHO-
CTH KJIETOK a30oTobaKTepa U MeJaHUHCUHTE3U-
PYIOIIUX MUKDPOMUIIETOB KaK MHAMKATOPHBIX
IMOKa3aTejiel YPOBHA 3arpA3HEHUA TAXKEJIBIMU
MeTaJJaMU CEePOH JIeCHOU IMOYBBHI PABHBIX TH-
OB (3aJie’XKb, UHTEHCUBHBIN U 9KCTEHCUBHBIN
arposdembl). 1A perreHusa sToN 3amayu OBIIU
HUCIIOJB30BaHBI JJab0PaTOPHO-AaHAIUTUUECKUH,
MUKPOOUOJIOTUYECKUH U CTATUCTUUYECKUN Me-
Tonbl. B pesysbrare usyueHud BIAUAHUA BO3-
pacTamIux D03 TAMKEJBIX MeTalJoB (MUHK +
CBUHEI[) HA YMCJIEHHOCTb MUKPOOPTaHU3MOB B
cepoii JJeCHOM IIOUYBe YCTAaHOBJIEHO, UTO K MHIU-
KaTOPHBIM MOKAa3aTeJiaM 3arpA3HEHUS TaXKe-
JIBIMHY MeTaJIJlaMU MOKHO OTHECTHU UNCJIEHHOCTD
¥ aKTUBHOCTH KJIETOK a30To0aKTepa, a TaKKe
YWCJIEHHOCTh W [OJII0 MEJaHUHCUHTE3UPYIO-
IMUX MUKPOMUILETOB B UX OOIIEM KOJUUYECTBE.
ITokasaTesb aKTUBHOCTHU KJIETOK a30ToOaKTepa
MOJKHO CUMUTATh MHAMKATOPHBIM IIPU YPOBHIAX
darpasHeHua 5—100 mpexeabHO ZOONYCTUMBIX
KOHIIEHTpAIUil B OTCYTCTBUE (PUTOIEHO3a, TP
ypoBHaX 3arpasHeHus 10—-100 — ma mousax c
duromenozom. KosruecTBo u 105 MeJTaHUH-
CUHTE3UPYIINX MUKPOMHUIIETOB B 00IIeM KO-
JIMYEeCTBE MOTYT CJAYMKUTb TUATHOCTUUYECKUM
TMoKas3aTejieM 3arps3HEHUS BBLICOKMMU [03aMU
TAMKEJBIX METAJJIOB CePOil JeCHOMN IMOUBHBI, Of-
HAKO TOJIBKO IIPU CPOKaX 3arpA3HeHUdA, He Ipe-
BBINIAIONINUX 2 JIEeT.

ITokasaHo, 4TO XapaxKTep BIUSHUS TAKEIBIX
MeTaJIJIOB Ha YMCJIEHHOCTh MUKPOOPTaHU3MOB
3aBUCUT OT HAJUUUA PaCTEHUUN B CHUCTEME
MOHUTOPUHTA, TO3BI TAKEJIBIX METAJIJIOB, CPOKA
3arpsABHEHUA U TUIIA UCIIOJIH30BAHUA ITOYBHI.

Kntouesvle cnosa: azorodbaxTep, MeJIaHUHCUHTE-
3UPYIONIEe MUKPOMUIETHI, AUATHOCTUYECKUI
TmoKasaTeb, 3arpsa3HeHne, TAKeJIble MeTaJ Ik,
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