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The article presents the results of studies aimed at characterictics of quantitative 
and qualitative composition of aboriginal consortium of microorganisms from coal mines 
dumps of Lviv-Volynsky coal-basin with different storage time. The defined qualitative 
composition of substrates’ microbiocenosis does not depend on the storage time, be­
cause it builds up in a course of substrates’ formation and is defined by already estab­
lished chemical and mineralogical composition of the dumps. It was confirmed that he
terotrophic and acidophilic chemolithotrophic bacteria, namely mesophilic and mode­
rately thermophilic genera Acidithiobacillus and Sulfobacillus, are present in the ab­
original consortium of substrates from coal mines dumps. Isolation of the acidophilic 
chemolithotrophic bacteria from substrates with neutral pH (from the dumps under 
study) proves that spreading of these bacteria is much wider than that of naturally acidic 
ecosystems. It was stated that the neutrophilic thionic and sulphate-reducing bacteria 
are present in the composition of the microbial association of the studied dumps. The 
existence of sporulated “silicate” bacteria capable of breaking quartz in the heterotro­
phic component of microbiocenosis was also confirmed. The study proved that repre­
sentatives of different groups of microorganisms of the aboriginal microbiota prevail 
quantitatively in the dumps with long storage time. This is a consequence of substrates’ 
transformations in a course of storage under the exposure to exogenous factors that, in 
their turn, leads to a greater display of biocenosis in the substrates.

Keywords:	 coal mines dumps, microbiocenosis, aboriginal consortium, acido­
philic chemolithotrophic bacteria, heterotrophic bacteria, neutrophilic 
thionic bacteria, sulphate-reducing bacteria.

INTRODUCTION
It is important to know the composition and oxidative activity of the aboriginal mic­

robial associations selected substrates, because it is a key factor which determine 
speed and depth of the biological leaching of metals for successful application of bio­
technology in the processing of natural and man-made materials. The study of microbial 
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composition of naturally occurring minerals indicates the presence of the representa­
tives of mesophilic and moderately thermophilic bacteria oxidizing sulfur and ferrous 
iron [11, 20, 37]. Evaluation of the biogeochemical activity has showed that under natu­
ral conditions these microorganisms played important role in leaching of metals from 
sulphide ores. Similar processes have occurred in the technogenic wastes which de­
rived from the corresponding natural substrates [16, 24, 29, 41]. The processing of pri­
mary mineral raw materials in the hostile environment and further accumulation and 
preservation of generated waste and heaps with changing of temperature, acidity, con­
tent of high concentrations of heavy metals have made conditions for a wide variety of 
their own microbiota [16, 17, 34]. The problems connected with structure and balance 
of different groups of microorganisms, physiological and biochemical characteristics 
and practically useful properties of bacteria which lived in these man-made ecosystems 
are underexplored [6, 16, 30, 35]. This review presents the data on recent progress in 
the establishment of quantitative and qualitative composition of native microbiocenosis 
by the rock dumps of prepared coal with different storage time obtained from Lviv-Volyn 
Coal Basin. These data provide characterictics of the most active and resistant strains 
of the consortium in the biotechnological processing technogenic substrates.

MATERIALS AND METHODS
Coal mines dumps of Central Processing Plant (CPP) “Chervonohradska” PAS 

“Lvivska Vuhilna Kompaniia” with different storage time, for example, red dumps with  
a long period of storage time (more than half a year) and black dumps with a short pe­
riod of storage time (less than half a year) were studied. Samples were taken on slopes 
of dumps from the surface layer to a depth of 20±5 cm in June 2014.

The presence of different bacterial groups was determined by standard microbio­
logical methods using a selective culture media [14, 20, 28]. Their composition is pre­
sented in the Table 1.

The leaders in leaching of metals were the acidophilic chemolithotrophic bacteria 
(ACB), including the genera Acidithiobacillus, Sulfobacillus, Leptospirillum, Acidimicro-
bium, Acidianus, Ferroplasma [12, 14, 20, 24, 28, 38], and for that reason this groups of 
bacteria were studied. The taxonomy of bacteria of Acidithiobacillus is based on their 
relationship to energy supply, mineral background of the culture medium with adding fer­
rous iron compounds in the form FeSO4×7H2O (44.5 g/dm3), elementary sulfur (5.0 g/dm3) 
and sodium thiosulfate Na2S2O3 (5.0 g/dm3) [20, 28]. Considering a wide range of tem­
peratures in the rock dumps achieved in a process of accumulation and storage (from 
15.0 to 120.0 °C) were conducted works to identify bacterial groups that have different 
relation to temperature. The presence of the mesophilic and moderately thermophilic 
bacteria of Acidithiobacillus genus was determined on a standard culture medium Sil­
verman-Lundhrema 9K and 150a [14, 20, 28]. Using medium 882 [14] is showed the 
presence of ferrobacteria, including species of Leptospirillum genus, which are the main 
representatives of ferrobacteria with energy metabolism of the chemolithotrophical type 
[18, 23, 36]. Whereas these bacteria do not use sulfur as an energy source, so for their 
indication FeSO4×7H2O was added to medium in a concentration of 20.0 g/dm3. Using 
of modified medium 9K* [14] showed the presence moderately thermophilic bacteria of 
Sulfobacillus genus in the waste dumps. This group of bacteria utilizes a wide range of 
energy sources like sulfur compounds and reducing compounds of sulfur and iron and 
range for growth is in the range of temperature from 15.0 to 50.0 °C [25, 36]. For detection 
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of moderately thermophilic representatives of Acidithiobacillus caldus which are also 
found in mineral substrates microbiocenosis of natural and technogenic origin 150a 
selective medium was used [14]. Acidithiobacillus caldus is a chemolithotrophic aerobic 
microorganism that uses the energy of oxidation of sulfur reducing compounds, but can­
not oxidize ferrous iron and the temperature optimum for it is in the range from 40.0 to 
50.0 °C [33, 42]. pH value for groups of the mesophilic and moderately thermophilic 
bacteria was drove to 2.0–3.0 by adding 1.0 N solution of H2SO4.

Tablе 1.	 Composition of culture media (g/dm3) for determination of the microbial asso-
ciations of the dumps

Таблиця 1.	Склад поживних середовищ (г/дм3) для визначення мікробних угропувань, 
що мешкають у породних відвалах

Mineral 
components

Culture media [14, 20, 28]

А-27 Czapek 9K 9K* 150а Beyerink 882 195 866

MgCl2.6H2O 0.10 0.053

KH2PO4 0.50 0.05 0.50 0.027 0.20 0.20

(NH4)2SO4 3.00 0.45 3.00 0.132

MgSO4
.7H2O 0.50 0.50 0.50 0.50 0.50

MgCl2 3.10 0.10

NH4CL 0.10 0.30 1.00

KCl 0.50 0.10 0.05 0.10 0.50

NaNO3 3.00

K2HPO 1.00

Na2HPO4 2.00 0.20

Ca(NO3)2 0.01 0.014 0.01

CaCl2.2H2O 0.147 0.15

NaCl 21.00 5.00

Na2SO4 3.00 5,00

Na2S 0.40 0.50

FeCl3 0.01

FeSO4
.7H2O 0.01 20.00

NaHCO3 1.00 5.00 8.00

CaCO3 1.00

Quartz 10.00

Saccharose 5.00 30.00

Peptone 2.50 5.00

Yeast extract 0.02 0.02

pH 7.5-8.0 6.6-7.2 1.0-3.5 1.8-4.0 1.5-3.5 4.5-8.5 2.0-4.0 7.5-8.0 7.5-8.0

Temperature,
Т–°С

30.0-32.0
±0.5

28.0-30.0
±0.5

32.0-35.0
±0.5

45.0-50.0
±0.5

45.0-50.0
±0.5

28.0-30.0
±0.5

32.0-35.0
±0.5

28.0-30.0
±0.5

28.0-30.0
±0.5
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Earlier, it was found [9] that the dumps had high amount of sulfur, and pH values 
were weakly acidic, nearly neutral because it was possible presence in the microbio­
cenosis of the neutrophilic thionic bacteria. When the Beyerink medium was used sho­
wing the presence of neutrophil thionic bacteria which belong to Thiobacillus genus, and 
they oxidized only sulfur and sulfur compounds. Neutrophilic thionic bacteria can supply 
the nitrogen compounds to Acidithiobacillus ferrooxidans and speed up the oxidation 
processes [20, 39].

It is known [2, 20] that different soils, particularly technogenic, as well as among 
mineral earth-oil and sulphide ores widespread sulphate-reducing bacteria (SRB), inclu­
ding species of Desulfovibrio genus and Desulfotomaculum genus. Usually, they are lo­
cated in the niches with low redox potential and neutral pH 5.6–8.5 and developed both at 
the anaerobic and microaerophilic conditions. Culture media 866 and 195 [14] were used. 
They contained the main mineral components – a set of phosphates, ammonium salt, 
potassium, magnesium sulphate, as the electrons acceptor for creating conditions for the 
accumulation of CSR the genus as Desulfotomaculum as well as Desulfovibrio.

Gorbenko medium was used to determine presence of the heterotrophic bacteria 
as sporogenous and non-sporogenous type. The culture medium A-27 served to iden­
tify “silicate” bacteria that destroy the quartz compounds, feldspar, and other alumino­
silicates because these bacteria can stimulate the revealing of natural sulphide ores [1, 
19]. Czapek medium served to identify the filamentous fungi.

The accumulating cultures were obtained at standard microbiological methods: in 
sterile flasks dumps were put and the appropriating breeding grounds in ratio of the 
solid (S) and the liquid (L) phase S:L = 1:10. Groups of the mesophilic, neutrophilic, 
acidophilic, chemolithotrophic and heterotrophic bacteria were cultivated at (28.0–
35.0)±0.5 °C, moderate thermophilic bacteria were cultivated at (45.0–50.0)±0.5 °C for 
3–5 days. Bacteria development of was judged by pH change, and the appearance of 
the oxidation haze and film on the surface of the breeding grounds.

The number of representatives of various community groups of bacteria were de­
termined by seeding 10 times serial dilutions of bacterial suspensions on appropriate 
solid medium of the same composition. The number of sporogenous bacteria were de­
termined after a preliminary heat treatment at 80.0±0.5 °C for 15 min [28]. Cell and co­
lonial morphology were studied using light PrimoStar PC (Germany) and electronic 
PEM100-01 (Ukraine) microscopes.

 RESULTS AND DISCUSSION
In this study, for the first time the composition of bacterial groups in coal mines 

dumps with different storage time were characterized. The aboriginal consortium con­
sisting of the microorganisms of different physiological groups from black and red dumps 
were isolated by the method of accumulating culture (Table 2).

A large number of identical small Gram-negative short rod-shaped cells by creating 
conditions for mesophilic ACB was recorded on a standard medium of Silverman–Lund­
hrema 9K containing with ferrous iron, sulfur or thiosulfate as an energy substrate 
(Fig.1). Their number was higher by 2–3 orders in red dumps (Table 2). Thus, it can be 
suggested about the presence of Acidithiobacillus ferrooxidans and Acidithiobacillus 
thiooxidans species in the microbial groups of waste dumps, irrespective of their sto­
rage. Also it was stated about the presence of ACB species which grow on 9K medium 
in coal mines dumps. These are typical inhabitants of the natural sulphide ores.
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Fig.1.	 Photomicrography of association of the acidophilic chemolithotrophic bacteriae from red dumps that 
grew on the culture medium 9K containing divalent iron: A – liquid (×1000 zooming); B – agarized

Рис. 1.	Мікрофотографії асоціації АХБ червоного відвалу, що виросли на середовищі 9К з двовалентним 
залізом: A – рідкому, збільшення ×1000; B – агаризованому

Culture medium 882 was used for growing bacterial suspensions at mesophilic 
conditions with ferrous iron recommended for Leptospirillum species. Different morpho­
logy of Gram-negative cells like small curved bacillus, vibrio and spirillum strains were 
found. In this medium, the bacterial growth when using sulfur and thiosulfate as an 
energy source was not observed. This suggests the presence of microbial associations 
of Leptospirillum ferrooxidans species. They use only Fe2+ as a source of energy,  
instead of sulfur and compounds of sulfur. The number of bacteria in this group was  
1–2 orders smaller than of the representatives of Acidithiobacillus genus, but the trend 
of greater numbers of bacteria remained in red substrate. Bacteria of the Leptospirillum 
genus were always present in the mineral raw materials of natural and technogenic 
origin, but they do not make a significant contribution to the leaching of metals in kee
ping with numerous published data [18, 27, 36]. However Leptospirillum ferrooxidans 
increased the efficiency of leaching of the metals associated with Acidithiobacillus fer-
rooxidans and Acidithiobacillus thiooxidans. These result does not contradict with the 
current data received.

Weak growth of gram-negative rod-shaped cells at the Beyerink medium with thio­
sulfate was registered (Fig. 2). Their number was not significant, and it was also higher 
in red dumps. These results suggest the presence of species of Thiobacillus genus  
in various man-made waste with different storage time. Similar results were shown in 
[25, 26]. It is known [2] that Thiobacillus thioparus in association with Thiobacillus fer-
rooxidans are active agents in corrosion processes of metallic and non-metallic pro­
ducts. Thus, the presence of neutrophilic thionic bacteria in biocenoses with an over­
whelming number of ACB is possible. Also, it was found that the neutrophilic thionic 
Acidithiobacillus ferrooxidans bacteria can supply the nitrogen compounds and acce­
lerate the oxidation processes [13, 20]. However, the information is backing about the 
presence of this bacteria group in the man-made substrates, as well as their ability to 
leaching metals.
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Fig. 2.	 Microphotography of the association of the neutrophilic thionic bacteria from red dumps that grew on 
culture medium 9K with divalent iron: A – liquid (×1,000 zooming); B – agarized

Рис. 2.	Мікрофотографії асоціації нейтрофільних тіонових бактерій червоного відвалу, що виросли на 
середовищі 9К з двовалентним залізом: A – рідкому (збільшення ×1000); B – агаризованому

 The presence of species of moderately thermophilic ACB in particular Acidithioba-
cillus and Sulfobacillus in microbiocenosis of studied substrates was established. In the 
conditions of our experiments using the medium of the 150a with thiosulfate as a source 
of energy the accumulating culture with small number of small Gram-negative rod-
shaped cells independently of the storage time of substrates (titer 104) was recorded. 
These results are consistent with published data about a small number of Acidithiobacil-
lus caldus in mineral raw materials of natural and technogenic origin and their limited 
impact on the extraction of metals from solid minerals. However, Acidithiobacillus cal-
dus in association with Acidithiobacillus ferrooxidans and Acidithiobacillus thiooxidans 
improve the efficiency of metals extraction [33, 42].

 The growth of mainly rounded or short coccoid sporogenous gram-positive cells at 
modified 9K* medium which is recommended for the development species of Sulfobacil-
lus genus, with thiosulfate and divalent iron in mixothrophic conditions was registered. 
The number of aboriginal moderately thermophilic bacteria was significantly higher in 
red dumps independent on the source of energy used for the bacterial growth (titer 109). 
The comparative analysis of obtained results showed that the number of moderately 
thermophilic bacteria in the waste dumps was 3–4 orders higher than of the mesophilic 
bacteria cells. Probably, spontaneous processes contribute to the development of this 
bacteria group that are constantly occurring in the mines dumps [15].

These results were confirmed by the data that the species of the Sulfobacillus ge­
nus are present in the same ecological niches as the thionic bacteria (dumps of sulphide 
ores, acidic hydrothermal waters, mine waters, deposits of sulphide minerals, where the 
temperature varies from 10 to 60 °C) and were able to oxidize Fe2+, S0/S2+ and sulphide 
minerals [21, 43].

The studied mines dumps contain substances arising as a result of the joint activity 
of organisms and the abiogenic processes. The intensive development of the hetero­
trophic bacteria of sporogenous and non-sporogenous types was revealed. The number 
of heterotrophic bacteria, as well as of other groups, were slightly higher in red mines 
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dumps. The installed capacity of some representatives of the heterotrophic bacteria, 
like Pseudomonas, of increasing mineral solutions in the presence of microquantity of 
organic substrates (approx mg/dm3), as well as the ability of Pseudomonas and Bacillus 
genera to leach metals, particularly gold and uranium were described [32, 40].

Thus, we found the presence of sporulated “silicate” bacteria in the heterotrophic 
microbial groups of dumps destroying quartz. The cells looking like classic bacilli of 
specifically large Gram-positive rods that formed spore’s cells which located in bacterial 
suspension obtained from culture medium A-27 were registered (Fig. 3). They created 
almost identical round transparent slimy colonies in the agar medium A-27. The number 
of bacteria of this group was 3.5 times higher in red dumps.

Fig. 3.	 Microphotography of the association of sporulated “silicate” bacteriae on the culture medium A-27: 
А – liquid (×1,000 zooming); В – agarized

Рис. 3.	Мікрофотографії асоціації “силікатних” бактерій на середовищі А-27: А – рідкому; В – агаризова­
ному; збільшення ×1000

There is a small number of studies on the role of “silicate” bacteria in the process 
of extracting metals. However, these bacteria take part only in the destruction of quartz 
[5, 19, 22]. There are no data about the presence of bacteria of this group in the tech­
nogenic wastes of coal industry. 

Using Czapek’s medium, it was found that the composition of the microbial groups 
in spoil heaps with different storage time include the filamentous fungi, and their number 
is also higher in red dumps. These results are in agreement with data published in [26].

In our research, the presence of sulfate-reducing bacteria (SRB) in the techno­
genic heaps of coal enrichment was established for the first time using medium 195 
and medium 866. The number of members of Desulfotomaculum and Desulfovibrio 
genera was 5.16±0.67×105 and 1.52±0.2×105, respectively. The activities of SRB gene­
ra (Desulfovibrio and Desulfotomaculum) and thionic bacteria genera (Acidithiobacillus 
and Tiobacillus), oxidizing sulfur and its compounds to sulfuric acid, and ferrous iron to 
oxidative iron are known to be associated with the biocorrosion process of metals, 
stone and concrete structures, and rubber materials [2, 31]. These two groups of bac­
teria play a leading role in sulfur cycle. The obtained results are in agreement with data 
of other authors [25, 26] and indicate that in the technogenic wastes, there are physical, 
chemical and biological conditions for different groups of microorganisms about. The 
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presence of the oligonitrophilic and cellulose destruction microorganisms was also in 
coal mines dumps [25, 26].

These studies allow to create a procedure for extraction of indigenous microbial 
consortia from any technogenic or natural substrate. This procedure involves using  
a wide range of selective culture media with the addition of various energy sources and 
creating conditions for specific groups of microorganisms.

As a result of our studies, sustained microbiocenosis composed of different groups 
of microorganisms in the coal dumps independent on their storage time can by noted. 
The formation process depended on chemical and mineralogical composition of the 
dumps. Numerous different groups of the aboriginal microorganisms in red dumps with 
long storage time are the result of changes that occur during storage of these sub­
strates due to the external factors lead to their higher expression in the ecological com­
munity. These results correlate with the existing literature and our own data on physi­
cochemical and biological properties of coal dumps depending on the storage time [3, 
4, 9, 10, 26]. It was found [9] that in the dumps with long storage time concentration of 
the most components and the oxidation of metallic ions of raw materials rises to the 
highest degree formation of a stable equilibrium. Thus, the effect of the own microbiota 
of subtracts on the process of leaching of metals from the dumps with short storage 
time was discovered.

The presence of microbiocenosis representatives of the heterotrophic and acido­
philic chemolithotrophic bacteria including mesophilic and moderately thermophilic ACB 
of Acidithiobacillus and Sulfobacillus genera in coal substrates was confirmed [7]. The 
secretion of ACB species from substrates with neutral pH is the evidence that the distri­
bution of active acidophilic chemolithotrophic bacteria is much wider in the acid natural 
ecosystems. Presence in the composition of microbial associations of the neutrophilic 
thionic sulphate-reducing bacteria and the presence of heterotrophic sporogenous type 
“silicate” bacteria that can destroy quartz in coal mines dumps were established.

Taking into account that the microbial community of own microbiota of any sub­
strate that participate in the recovery of metals are of great taxonomic diversity and are 
interrelatied, this cause syntrophic ratios in the consortium, synergism, mutualism, and 
competition. It is important to establish a deposit of each identified groups of the micro­
organisms and their leaching activity. The results of studies of the technological proper­
ties of aboriginal representatives of the consortium allow selecting the most active 
groups of microorganisms in terms of extraction of metals for further isolation of stable 
fast growing strains and obtaining highly effective unified bacterial drug [8].
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Вивчено кількісний і якісний склад аборигенного консорціуму мікроорганізмів 
породних відвалів збагачення вугілля шахт Львівсько-Волинського вугільного ба­
сейну різного терміну зберігання. Встановлений якісний склад мікробіоценозу суб­
стратів не залежить від терміну зберігання, оскільки формується у процесі їхнього 
утворення, й обумовлюється сформованим хімічним і мінералогічним складом від­
валів. Підтверджено наявність в аборигенному консорціумі субстратів вуглезбага­
чення представників гетеротрофних і ацидофільних хемолітотрофних бактерій 
(АХБ), зокрема мезофільних і помірно термофільних родів Acidithiobacillus  
і Sulfobacillus. Виділення представників АХБ зі субстратів з нейтральними значен­
нями рН, якими є досліджувані відвали, є свідченням того, що розповсюдження 
активних ацидофільних хемолітотрофних бактерій значно ширше за розповсю­
дження кислих природних біогеоценозів. Встановлено наявність у складі мікробної 
асоціації досліджуваних відвалів вуглезбагачення нейтрофільних тіонових і суль­
фатвідновлювальних бактерій, а також наявність у гетеротрофній складовій мікро­
бних ценозів споротвірних “силікатних” бактерій, здатних руйнувати кварц. Вста­
новлено кількісну перевагу у відвалах тривалого зберігання представників різних 
груп мікроорганізмів аборигенної мікробіоти, що є наслідком змін, які відбуваються 
під час зберігання цих субстратів під впливом зовнішніх чинників і призводять до 
більшого прояву в них біоценозу.

Ключові слова:	 відвали вуглезбагачення, мікробіоценоз, аборигенний кон­
сорціум, ацидофільні хемолітотрофні бактерії, гетеротрофні 
бактерії, нейтрофільні тіонові бактерії, сульфатвідновлю­
вальні бактерії


