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Different groups of microorganisms from coal pit waste heaps of Chervonograd
mining region are selected and the number of bacteria in each group is calculated. The
dependence of the number of microorganisms from different groups both on the gangue
(black or red), and on the place of sampling (terrace, top or base), existence of vegetation,
and soil humidity is shown. The dominance of oligonitrophilic bacteria and microscopic
fungi was established. The largest number of microorganisms was found on the waste heaps
under the mosses. We observed the high quantity of cellulose decomposing aerobic bacteria
in all gangue samples under investigation. Presence of thiobacteria in the samples indicates
the processes of sulfur minerals oxidation with formation of sulfate acid. Certain amount
of sulfate and sulfur reducing bacteria indicates the activity of sulfur cycling processes.
The difference between the composition and the number of microorganisms from different
groups selected from red and black gangue samples is shown. The analysis of the red gangue
microbiocenosis showed the significant dominance of microscopic fungi, including yeasts
and oligonitrophilic bacteria. The black gangue samples contain representatives from all
groups of microorganisms under investigaton.

Keywords: microbiocenosis (microbiota), coal pit waste heaps, microscopic fungi,
cellulose decomposing aerobic bacteria, oligonitrophilic bacteria, sulfate and sulfur reduc-
ing bacteria, colorless sulfur oxidizing bacteria.

It is generally known that waste heaps have a negative impact on the environment. The
main factors of its influence are: destruction of the earth surface landscape and of the equilibrium
of engineering-geological state of ore waste; hydrogeological regime changes in surrounding
areas; chemical and radiological, soil and water intoxication; dust and gas pollution. Toxic com-
ponents of gangues that are blown by winds and washed out by rains of the dumps and meltwater
streams are transferred by ground waters into the surrounding soil and surface waters. These are
dangerous pollution effects on the environment, and the flora and fauna of the region in particular
[10]. Creating environmentally sustainable agricultural landscapes that will possess the appro-
priate productivity and at the same time will carry out environmental and aesthetic functions is
currently an urgent problem [5].

In the research works of Ukrainian scientists (K. Andreyuk, O. Valahurova and others)
[8] the theoretical foundations of the structure and functioning of microbial communities are de-
scribed. Works of V. Patyka [8] are devoted to the investigation of regularities of microbial groups
formation in agrocenosis and application of microbial biologics. Peculiarities of microorganisms
in different types of soil and environmental conditions are highlighted in the works of I. Kozlova,
H. Tutynska, V. Volkogon [8].
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Due to their high sensitivity to changes in the environment, microorganisms are conve-
nient as objects for observation. Microorganisms are in a close contact with their natural habitat.
They are characterized by high growth, thus making it possible to use them for investigation of
the impact of environmental factors for a relatively short period of time. In addition to that the
response of microorganisms to the effect of anthropogenic factors is usually rapid and appears in
diverse living conditions changes. These changes influence growth, morphology, transformation
of chemical elements, metabolic activity, state of regulatory mechanisms in the cell etc. It is un-
fortunate that not enough attention is given to the monitoring of microorganisms in the system of
general biological monitoring. Microbiological monitoring is a long-term systematic monitoring
of microorganisms in order to assess, predict and prevent negative changes in microbial commu-
nities from the factors of natural and anthropogenic character [8].

Scientific research has led to the conclusion that in the system «microorganisms — plants»
microbiota is an integral part, and in fact microorganisms cause the conversion of a number of
complex compounds into simple ones, accessible to plants. Due to the activity of microorga-
nisms, mineralization of organic residues occurs. Microbes also continuously enrich atmosphere
with carbon dioxide, making photosynthesis in green plants possible [5].

In order to understand the physiological and biochemical adaptation mechanisms of
certain species of microorganisms and their natural populations to environmental geochemical
conditions, it is necessary to determine the main points of contact of chemical elements in the
environment with the process of metabolism, as well as to explore changes of metabolism and
biological reactions. These studies reveal the ecological impact of chemical elements on organ-
isms on different levels of living [4].

Chervonograd mining region is the main coal-mining region of the Lviv-Volyn basin. It
has the most environmentally dangerous load in the region: on the area of 180 km? twelve coal
mines are located, 211 ha are allocated for waste heaps of gangues [7]. As a result of the mining
process, solid and liquid wastes (that belong to the fourth class of danger) are generated. In 1979,
near the Sosnivka village, Central Enrichment Plant (CEP) was built and put into operation; CEP
enriches coal, produced by 10 coal mines. CEP waste heap is about 76 ha wide and 68 m high
[2]. Substrates of waste heaps have poor hydrological and agrochemical characteristics and a
high content of harmful substances. The content of heavy metals is much higher than the MAC
(maximum allowable concentration) (the content of lead — 45.5 fold higher; copper — 81.3 times,
nickel — 19.8 times, zinc — 31 times), water runoff from the dump possesses high acidity (pH
2.7-3.5), due to the formation of sulfuric acid by the oxidation of pyrite (content of which in
gangues reaches 1-4%) [1, 3].

According to the mineralogical composition, gangue from the waste heaps consists of
silty argilit (mudstone), only 25-30% of which is burned. The content of organic mass equals
1-2%. Sediments of clay groups, which have no obvious traces of metamorphism, and which
do not soak at all or soak very slightly in water, are called «mudstone». Mudstone basically has
the colouring which varies from dark grey to black, and sometimes cinereous grey. The presence
of pyrite (up to 1-2%) in mudstone indicates that the water pool contains a high percentage of
hydrogen sulfide [2].

It is generally known that microorganisms are the main soil-forming organisms. They do
not only decompose organic remains, but constantly synthesize a complex of organic compounds,
including biologically active substances that enhance active plant growth. Quantitative and quali-
tative composition of microbes from coal waste heaps vary depending on chemical composition,
physical properties, reaction of medium (pH), content of the air, moisture, as well as nutrients.
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Thus, the purpose of the investigation was to determine the number of different groups of
microorganisms from coal mining waste heaps samples.

Materials and methods

We analyzed samples from three sites (see Table): main dump CEP, waste heaps «Vizejs-
ka» and «Nadijay.

The material from the top, the terrace and the base, as well as from under the mosses and
bare substrate (hereinafter — BS) was taken [11]. We selected black (still not overburn gangue)
and red (overburn gangue) patterns. The samples were put into aseptic packages. Gangue solu-
tions from the waste heaps were palted on agar media. The plates were incubated at +28°C in
thermostat [9]. Microscopic fungi (including yeasts) were revealed on Mash-agar; fungi, diges-
ting readily available carbonohydrates — on Chapek’s medium; cellulose decomposing aerobic
bacteria — on Hetchenson medium; oligonitrophilic bacteria — on Ashby medium; sulfate and
sulfur reducing bacteria — on Kravtsov-Sorokin media, with SO, and S°respectively; colorless
sulfur oxidizing bacteria: neutrophils — on Beyerinck medium, acidophils — on Silverman and
Lundgren 9K medium [6].

Places of Samples Sampling
Ne of sample Place
CEP, second terrace, under the moss
CEP, second terrace, bare substrate
CEP, black gangue, main dump
CEP, red gangue, main dump
CEDP, freshly deposited gangue*
Coal pit «Vizejska» dump, top, under the moss

Coal pit «Vizejska» dump, base, under the moss Ceratodon sp.
Coal pit «Vizejska» dump, under the moss Polytrichum sp.
Coal pit «Vizejska» dump, top, bare substrate

Coal pit «Vizejska» dump, terrace, under the moss

Coal pit «Vizejska» dump, terrace, bare substrate

Coal pit «Vizejska» dump, base, bare substrate

Coal pit «Nadija» dump, terrace, under the moss

Coal pit «Nadija» dump, bare substrate, red gangue

Coal pit «Nadija» dump, top, under the moss, black gangue
Coal pit «Nadija» dump, top, under the moss, red gangue
Coal pit «Nadija» dump, bare substrate, black gangue

Coal pit «Nadija» dump, terrace, bare substrate

Coal pit «Nadija» dump, base, under the moss
20 Coal pit «Nadija» dump, base, bare substrate

Comments: CEP — Central Enrichment Plant. *Gangue was deposited in 2013 year

We calculated the number of colony-forming units (CFU)/g of soil, taking into account
dilution and humidity of gangue samples, according to generally accepted methods [11]. We con-
ducted the investigation in triplicate. The results obtained were statistically processed using the
program «Microsoft Excel 2007».

Results and discussion
Microbiological investigation of gangue samples from coal pit waste heaps of Chervono-
grad mining region are conducted.
On the CEP main dump (Fig. 1) in freshly deposited gangue oligonitrophilic bacteria
prevail (65.27%), their number reduces to 42.09% on the BS of the second terrace and to 32% —
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under the moss of the second terrace; on the black gangue their number equals to 22.95%. How-
ever, microscopic fungi (including yeasts) dominate on the red gangue of the main waste heap
(89.08%), under the moss and on BS of the second terrace their numbers are 40.13% and 39.49%
respectively and on the black gangue, main dump — 19.13%. The lowest rate among all samples,
gathered on CEP, is microscopic fungi index in freshly poured gangue — only 17%.

Sample Ne 1 Sample Ne2 Sample Ne3
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Fig. 1. Correlation of Different Groups of Microorganisms, Selected from CEP Samples: 1- second terrace,
under the moss; 2 — second terrace, BS; 3 — black gangue, main waste heap; 4 — red gangue, main
waste heap; 5 — freshly deposited gangue, 2013 year.

Quantity of colorless sulfur oxidizing bacteria (neutrophils) on the black gangue is the
highest (30.60%), it gradually reduces to 24.08% — under the moss of the second terrace, to
16.75% — in freshly poured gangue and to 7.79% — on BS of the second terrace.

Special attention is given to the black gangue sample from the main dump for which there
is approximately equal distribution of colorless sulfur oxidizing bacteria (neutrophils, 30.60%),
oligonitrophilic bacteria and fungi, digesting readily available carbonohydrates (22.95% and
23.46% respectively); 19.12% belong to microscopic fungi. Fewer in number are colorless sulfur
oxidizing bacteria (acidophils; 3.82%). Sulfate and sulfur reducing bacteria were found in small
amounts.

According to the quantitative distribution of representatives of the investigated groups
of microorganisms in samples from «Vizejska» mine dump (Fig. 2), general domination of mi-
croscopic fungi (in 6 among 7 samples) and relatively high proportion of oligonitrofilic bacteria
(they prevail on the terrace under the moss — 52%) are noticed.

Therefore, the rate of microscopic fungi is the highest among all the samples taken from
«Vizejska» waste heap (and among all of the 20 samples in general) in the sample under moss
Polytrichum sp. and it equals to 96.64%; their index reduces to 91.67% on BS of the base, to
89.64% — on BS of the top, to 80.07% — on the base under the moss Ceratodon sp.; to 52.72% —
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on the top, and to 52.12% — on BS of terrace. We noticed the presence of microscopic fungi in the
sample from the terrace under the moss.

The highest number of oligonitrophilic bacteria, as has been observed before, is explored
on the terrace under the moss (52%); on the top under the moss their rate is 38.76%, on BS of
terrace — 31.06% and 16.73% — under the moss of the base. We also noticed presence of oligo-
nitrophilic bacteria in samples under the moss Polytrichum sp., on BS of the base and of the top.
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Fig. 2. Correlation of Different Groups of Microorganisms, Selected from Coal pit «Vizejska» Heap
Samples: 6 — top, under the moss; 7 — base, under the moss, Ceratodon sp.; 8 — under the moss,
Polytrichum sp.; 9 — top, BS; 10 — terrace, under the moss; 11 — terrace, BS; 12 — base, BS.

The quantity of fungi, digesting of the readily available carbonohydrates is the highest
on the terrace under the moss and equals to 8.83%, reducing to 4.55% — on BS of the terrace, to
3.32% and to 3.05% — from BS and under the moss from the top respectively; under the mosses
Polytrichum sp. and Ceratodon sp. —to 1.83% and 1.31% respectively.
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Colorless sulfur oxidizing bacteria (neutrophils) are presented in the highest number
(24.38%) on the terrace under the moss; in remaining samples their rate decreases sharply: to
5.42% — on the top under the moss, to 3.63% — on BS of terrace. Under the mosses Ceratodon sp.
and Polytrichum sp. indexes of colorless sulfur oxidizing bacteria (neutrophils) are only 2.24%
and 1.19%; on BS from the base and from the top they are presented in small amounts.

The number of sulfate reducing bacteria decreases from 13.14% (terrace, under the moss)
to 8.08% (on the terrace, BS) and to 6.51% (base, BS). In the sample Ne9 they are only 1.37%
from the common number of microorganisms.

Sample N213 Sample N214 Sample N215

1573% 247%
001%

131%
1.39%

0.08% 3.79

487% 105% .

Sample N217 Sample N218

3sge  003% 373% 002%
1%

1021%_ 0.19%

005%
0.01%

A3%
13.18%

Sample N:19 Sample Ne20 B MicroscopicFungi and Yeasts
0.09% 0.08%

B Colorlass sulfisr oxidizing bactaria
{nautrophils)
m Oligonitrophilic bactaria

® Sulfur reducing bactaria

001% M Sulfats raducing bactaria

mFungi, digasting raadilvavailabla
carbonohydrates

m Colorless sulfur oxidizing bactaria
{acidophils)

Fig. 3. Correlation of Different Groups of Microorganisms, Selected from Coalpit «Nadija» Heap Samples:
13 — terrace, under the moss; 14 — BS, red gangue; 15 — top, under the moss, black gangue; 16 — top,
under the moss, red gangue; 17 — BS, black gangue; 18 — terrace, BS; 19 — base, under the moss;
20 — base, BS.

One can notice the dominance of microscopic fungi among the samples from «Nadija»
waste heap (Fig. 3), in particular, on BS from the red gangue, their number is the highest (91.91%)
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and reduces to 60.41% (black gangue, BS), to 39.17% — on the black gangue( under the moss), to
23.48% — on BS and to 22.39% — on terrace under the moss. Microscopic fungi are identified in
small quantities under the moss from the top on the red gangue (2.98%) and from the base (1.9%).

The highest rate of oligonitrophilic bacteria (88.98%) is revealed under the moss from the
top, on the red gangue; their number decreases to the level of 76.13% — under the moss on the
base, to 50.75% — under the moss on the top of the red gangue; it equals to a third from common
number of microbes on terrace under the moss (32.15%) and BS (26.45%).

Regarding to the quantity of colorless sulfur oxidizing bacteria (neutrophils) — it was the
highest in the sample from terrace, under the moss (38.44%). Rate of neutrophils gradually de-
creases among another samples: to 29% — on BS of the black gangue, to 24.38% — on BS sample
Ne 20, to 6.41% — under the moss on base, to 5.01% — under the moss of the top of the red gangue
and 4.09% — under the moss of the top of black gangue, to 3.73% — on BS of terrace, and to
1.45% — BS of the red gangue.

The high quantity of sulfate reducing bacteria in the samples from «Nadija» waste heap
also should be noted; namely, on BS of terrace — 79.46%, on BS — 25.51%. Then the number
of sulfate reducing bacteria continues to decrease: to 15.23% — under the moss on the base, to
10.21% — on BS of the black gangue, 5.79% — on BS of the red gangue, 3.52% — under the moss
of the black gangue and 2.63% — under the moss of the red gangue and finally to less, than 1%
from common number of microbes in the gangue of terrace, under the moss.

The number of fungi, digesting readily available carbonohydrates, is the highest on BS of
terrace (13.18%) on terrace under the moss it decreases to the level of 4.87% and equals to only
2.47% under the moss on the top of the black gangue.

The gangue microbiocenosis analysis of the red gangue shows explicit dominance of mi-
croscopic fungi and oligonitrophillic bacteria. In the samples from the black gangue the presence
of all groups of microorganisms under investigation is noticed.

The range of the cellulose decomposing aerobic bacteria is analyzed. The majority of
samples is characterized by high cellulose decomposing activity (1,0), except the sample Nel0
(coal pit «Vizejska» dump, terrace, under the moss), sample Nel2 (coal pit «Vizejska» dump,
base, BS), and the sample Ne14 (coal pit «Nadija» dump, BS, red gangue) — the rate of bacteria is
0,95. The least rate of quantity (0,9) is prevailed in coal pit «Vizejska» dump —on the terrace, BS.

In conclusion, the number of different groups of microorganisms from coal mining waste
heaps samples of Chervonograd mining region was analyzed for the first time. This investigation
confirmed the dependence of the soil microbiocenosis composition both on the gangue (black or
red), and on the place of sampling (terrace, top or base), as well as on existence of vegetation,
and gangue humidity. Among all the groups of microorganisms under research, oligonitriphilic
bacteria and microscopic fungi prevailed. The largest number of microorganisms was detected on
the waste heaps under the mosses. Presence of thiobacteria in the samples indicates the processes
of sulfur minerals oxidation.

According to the obtained results, it is expedient to consider modern experiment realiza-
tion with following investigation of influence of separate organic substrates on microbial number
and composition from coal mining waste heaps.
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YEPBOHOI'PAJICHKOI'O TTPHUYOITPOMUCJIOBOI'O PANOHY

C. Ky3pmimmuna!, C. T'narym', O. Mopo3!, JI. Kapnineus?, B. Bapanos'

!Tbsigcwrutl Hayionanshuil ynigepcumem imeni leana @panka
syn. I pywescvkozo, 4, Jlveise 79005, YVrpaina
e-mail: Kuzmishyna S (@ukr.net
2Inemumym exonoeii Kapnam HAH Vxpainu
eyn. Kosenvnuyoka, 4, Jlvsie 79026, Vkpaina

BupineHo pi3Hi rpyny MiKpOOpraHi3MiB i3 HMOPOAHUX BiJBAJIB BYTiJIbHHX ILIaXT
UepBOHOIPaICHKOTO T'ipHUYONPOMUCIOBOTO PaiioHy Ta JOCIHIKEHO IXHIO YHCENBHICTb.
[Noka3aHo 3aJISKHICTh KUTBKOCTI MIKPOOPTaHi3MiB PI3HHUX TPYII SIK BiJl MOPOAM (YOpHA YU
YepBOHA), TaK i Bij Micus Bigbopy (Tepaca, BepIIMHA YH OCHOBA), HASIBHOCTI POCIMHHOTO
MOKPUBY, BOJIOTOCTI IPYHTY. BcTaHOBIIEHO TOMIHYBaHHS OJIrOHITPODITiB, MIKPOCKOTIYHUX
rpu6iB. HaitGinbury KijbKicTh MiKpOOpraHi3MiB BHSBICHO Ha BijBajax i MoxoM. CriocTe-
piraiy BUCOKY YMCEJBHICTh LIENI0NI030PYHHIBHUX aepoOHHUX OakTepiil y BCiX JOCIIPKEHNX
npobax. HasiBHICTh TIOHOBHX OaKTepiif CBITYUTH PO NPOLIECH OKUCHEHHS CYIb(YPBMICHIX
MiHepaliB 3 yTBOPEHHSIM Cylb()aTHOI KUCIOTH, a BUSBICHHS CIPKO- 1 CyIb(paTBiqHOBIIO-
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BaJIbHUX OaKTepiif — Mpo aKTHBHICTH MPOIECIB KPYroodiry crnoiayk cynsdypy. Bigmiueno
PI3HUIIIO MO0 CKJIAAY 1 KiIBKOCTEH PI3HUX IPyN MIKpOOPTraHi3MiB, SKi BUALIMIM 3 Mpo0
YEepBOHOI Ta YOPHOI MOpiA: y mpodax 4epBOHOI MOPOIH CIOCTEPIraal JOMiHyBaHHS MIKpO-
CKOMIYHUX IpubiB, y T.4. APLKIXKIB, OMIrOHITPO(LIIB, y TOH Yac K y mpodax 4opHOI HOPOIU
OyJM HasiBHI MPEICTABHUKH YCiX TOCIIKEHUX TPYI MIKpOOPTaHi3MiB.

Kuouosi  cnosa: MmikpobioneHo3 (Mikpo0ioTa), MOPOHI BifBaJM BYTiJIbHHX
IIAXT, MIKPOCKOMIYHi TIpuOH, IeI0N030pyiiHiBHI aepoOHi Oakrepii, omiroHiTpodiny,
cynb(haTBiTHOBIIOBAIBHI ~ OakTepii,  CIpKOBIMHOBIIOBaAbHI  Oaktepii,  Oe30apBHI
CIPKOOKHMCHIOBaJIbHI OakTepil.
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Bbieniensl  pasiuuHble PNl MUKPOOPraHU3MOB M3 IOPOJHBIX OTBAJOB
YroibHbIX WIAXT UYepBOHOIPaJCKOr0 TIOPHOIPOMBIIUICHHOIO pailoHa M HCCIIEl0BaHa
HUX 4YHUCIEHHOCTb. llokazaHa 3aBUCHMOCTb KOJUYECTBA MHMKPOOPIaHU3MOB Ppa3IMYHBIX
TPYIII KaK OT ITOPOJbI (YepHast WM KpacHas), TaKk U OT MecTa othopa (Teppaca, BepIIrHA
WM OCHOBAHHE), HAIMYHS PACTUTEIHHOIO ITOKPOBA, BIAXXHOCTH MOYBBI. YCTaHOBIICHO
JOMUHHPOBAaHHE  OJMTOHUTPO(QMIOB, MHKpockonudeckux rpuboB. Hawnbombmree
KOJINYECTBO MUKPOOPTaHN3MOB OOHAPYKEHO Ha OTBaJIaX 11010 MxoM. Habironamu BEICOKYIO
YHCJICHHOCTh Pa3pyLIAIOINX IIEJUIION03y adPOOHBIX OaKTepHHl BO BCEX HCCIEIOBAHHBIX
npobax. Hanwdme THOHOBBIX OakTepHil CBUAETENBCTBYET O IIPOLECCaX OKHCICHUS
cynbdypcoaepKanux MHHEPaJIoB ¢ 00pa30BaHHEM CEPHOI KUCIIOTHI, a BBISBICHUE CEpO-
U Cyab(aTBOCCTAHABIMBAIOMINX OakTepuid — 00 AKTHBHOCTH IPOIECCOB KPYyroBOpOTa
coequHeHUH cepbl. OTMEUEHO pa3IMyde 110 COCTaBy U KOJIMYECTBY PA3IMYHBIX IPYII
MHUKpPOOPTaHU3MOB, KOTOpBIE BBIIECIMIM W3 NPOO KpacHOH M 4YepHOW mopox: B mpobax
KpacHOH MOpoIbI HAOJII0AIH JOMUHNPOBAHNE MUKPOCKOIIMYECKUX TPUOOB, B T.4. APOIOKEH,
OJIMTOHUTPO(HIIOB, B TO BpeMs KaK B IIpoOax 4epHOIl IOpoIbl OBUIH IPEICTaBUTEIN BCEX
HCCIICI0BaHHbIX TPYII MUKPOOPIaHU3MOB.

Kniouesvie cnosa: MUKpoOHOIIEHO3 (MHUKPOOHOTA), MOPOJHBIE OTBAIBI YTOIBHBIX
IIaXT, MHUKPOCKOIIMYECKHE TPHOBI, pa3pylIalomue IeJUTIoNo3y a’poOHbIe OaKTepHy,
OJIMTOHUTPOQHIBI, CYyIb()aTBOCCTAHABIMBAIONINE OaKTEpPHH, CEPOBOCCTAHABIMBAIONINE
OakTepun, OECIIBETHBIE CEPOOKHUCIUTENLHBIE OAKTEPUH.



