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Microbiota as an indicator of the environmental burden of
mined-out sites

K Boturova

Department of Environmental Engineering, VSB — Techl University of Ostrava, 17.
listopadu 15/2172, 70833 Ostrava — Poruba, CzeguRic

Abstract. The article focuses on the characteristics of theohial community in the post-
mining territory of Poprd (Slovak Republic), where polymetallic ore was ndifrethe past. The
investigated waste substrates are characterizéaebstill high presence of antimony, arsenate,
lead and other toxic and potentially toxic metatsl #@emimetals. Microbial activity in post-
mining substrates was established on the basisegbtesence of functional microbial biomass
by fumigation-extraction method. The results arenptemented by additional ecosystem
parameters, in particular, the representation dif/idual cultivable groups of microorganisms.
The activity of the microbial community is in diteinteraction with the post-mining
environmental burden and can, therefore, be coretidas an indicator of the revitalization of
thein situ environment.

1. Introduction

Soil is a complex environment with a very diversenposition of organisms from microorganisms to
macroorganisms; in this complex ecosystem, eacanisgn performs its important role. It has been
proven that the appropriate indicator of the staftesoil revitalization at post-mining sites is just
microorganisms [1, 2, 3, 4, 5, 6]. Their diversiitality and active physiology affect soil qualiynd
thus many other aspects of the anthropogenic camga@d environment — not only the soil ecosystem
but also the aquatic and atmospheric environmentdéch are closely related to the terrestrial
environment. Also, the extensive degradation asdtance capabilities of microbes are increasingly
used in bioremediation processes to remove ak dgpollutants from contaminated environments. [7,
8, 9, 10, 11, 12]. Knowledge of the diversity of tanvironment is particularly important — the cotre
identification and taxonomic inclusion of microongems can derive certain assumptions, properties
and biogeochemical activity of these biots, whishniportant in biotransformation processes in the
environment[13, 14, 15]. The biochemical properties of micr®ban be successfully further exploited,
based on the microbiology of the majority of modeiatechnological productions of the present period
[16, 17, 18, 19, 20].

2. Materials and methods

Site characterictics

The Popre¢ antimonic deposits with adjacent extractive wasitelge lagoons are located in the valley
of Petrov, northeast of the village of Popio the eastern part of the Slovak Republic. The®=n old
environmental burden. It is a site of already afbsene workings, which belonged to very important
sites of antimony ores in Slovakia until 1965. Thiaed ore had a polymetallic character, and in
addition to a significant proportion of antimonyaliso contained other toxic and potentially taxietals
and half-metals (e.g. As, Pb, Cu, Fe, Zn, Co, GdaNd Au). The ore was further processed by the
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flotation method, which produced waste, which wagaskited into three different sludge lagoons
situated above the municipality of Popr§9]. Nowadays, the sludge lagoons are undergoing
recultivation and revitalization of the landscapdhe form of new green plantings and restoration o
ecosystem function.

Sampling of soil substrate and determination of bas characteristics

Samples of potable substrates Pégrave been taken from different places to inclutitheee of the
sludge lagoons. Soil samples from a depth of O €rBGvere taken using a sterile soil auger (in the
amount of approx. 2 kg) and mechanically removeadela parts of plants. The samples were
subsequently enclosed into sterile plastic bagshviaiere kept cool and immediately taken to the
laboratory to other analyses. After arriving in lgoratory, the samples were processed by thdatan
procedure: homogenizing, quartering and sievirfggiction < 2 mm (according to nor@sN 1SO 3310-

1). Part of the samples was used for basic phyls@uical analyses, and another part of the samples
was used in the determination of microbial charaties of samples (dilution plate method, fumigati
extraction method and diversity of microorganisremg biochemical identification system BIOLOG).
The accredited laboratory of MORAVIA s. r. 0. inu8énka, the Czech Republic, carried out the
chemical and physicochemical laboratory analysesdd reaction. Samples of soil substrates of the
sludge lagoon were determined by the SOP 44 methsN EN 15933) for pH active, and for pdi
SOP 06 method according to the standa®&iN ISO 10390 (2005) was used. For total organibargr
the method, according to SOP 56SN EN 15936) was used. The dry matter in the sampls
determined using the Gravimetric method accordirté standardSN ISO 11465:1993. The contents
of the elements were determined using an X-RayreEkeence Spectrometer (WD-XRF S8 Tiger,
Bruker Co, USA) at the Centre of Advanced Innowaffechnologies at VSB — Technical University of
Ostrava.

Isolation, cultivation and identification bacterial isolates

Bacteria were isolated by cultivation methods ommient media using the dilution plate method [28] o
tryptone soya agar (M 290, HiMedia Laboratories. Lkdumbai, India) and cultivated at 30 °C for 48
h. All morphological varieties of colonies wereesgbd and inoculated into the original nutrient med

to obtain pure bacterial strains. Pure culturesewdentified morphologically and according to their
characteristics. Biodiversity of microorganisms wiasermined according to the BIOLOG system.

Determination of microbial biomass

Chlorofom fumigation extraction method was perfodnaecording to 1ISO norm 14240-2 1997. The
samples were moistened to 44% WHC (maximum watkthigp capacity) and divided into 2 parts: NF
(which were not exposed to fumigation) and F (erpds 24-hour fumigation). Each part of the method
was performed in three iterations. The NF samplesevadjusted 0.5 M of potassium sulphate, and
subsequently, the samples were shaken on a halziraker (175 oscillations per minute) for 30 min,
then the samples were filtered. Subsequently, thes&mples were closed at 4 °C and left until the
carbon determination. F samples were insertedlit@xicator, where they were exposed to fumigation
with chloroform (vacuum of 180 millibars). The sdegpwere then left in the exicator in the dark at
laboratory temperature for 24 hours. The next dag,remaining chloroform was extracted (in six
repetitions). Subsequently, to fumigation samples wdded 0.5 M potassium sulphate, the samples
were shaken and filtered (see Figure 1).

The samples were modified with a chromosulfurictonig: they were mixed with &r,O7, H:PO, and
H.SQr and burned in a drying oven at 125 °C for 45 misugdter the samples cooled, titration with an
indicator (phenylanthranylic acid) was performeihalily, the samples with the indicator were titpati
with Mohr’s salt. Titration was terminated by a@at reaction.
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' Figure 1. Fumigation with chIoroform in the exicator and detmation of the carbon in the extract;| A
— the violet colour of the solution before compmatiof titration, B — end of the titration, C -
discolouration of the samples without fumigatiomage, D — fumigation phase colouring (photoi by

author, 2019).

3. Results and discussion

Microbial characteristics
The combination of parameters describing the sifatiee microbial community will enable the general

extrapolation of the results to the state of tharenment, in which microorganisms serve as indicat

of anthropogenic pollution and thus the state dfcgality, its revitalization [23, 24]. One advage of
the combination of microbial parameters is theyeadrning [25] when this ability is attributed tioet
high sensitivity of soil microorganisms, their irdetions with the environment at a microscopic leve
and the rapid reaction to stress [26, 27]. Nevéstise for the correct evaluation of soil quality, i
addition to the combination of various microbialrggaeters, the other parameters of biological,
physical, chemical or physico-chemical are to hegtigated together with microbial parameters [28,
29, 30]. Based on this knowledge, the soil type atiér basic characteristics of the substrate (Eigu

2) have been determined.

Type: sandy loam soil Type: sandy soil Type: clay soil
Depth: 0 - 20 cm Depth: 0 - 20 cm Depth: 0 - 15 cm
pHino 5.8 pHye 5.3 pHipo 5.1 pHgc 4.4 PHio 4.5 pHgc 4.0
TOC 0.20 % TOC 0.15 % TOC 0.18 %
Dry matter: 87.13 % Dry matter: 88.08 % Dry matter: 80.05 %
As 5266 mg/kg As 3303 mg/kg As 2562 mg/kg
Sb 16455 mg/kg Sb 7711 mg/kg b 7401 mg/kg
&’b 813 mg/kg Pb 865 mg/kg Pb 575 mg/kg
Figure 2. Selected characteristic and content of potenttabjc elements in the investigated samples
of Technosol Popko(average values from 5 sampling points from edatige lagoon).
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Table 1.Isolated bacterial strains.

Place of collection in the

. : __ pond Probabilit ~ Similarit
Taxonomic group Species affiliation
pop1 PoP2z PoP3 Y y
Bacillus alcal ophilus + - + 96 0.562
Bacillus ¥ ¥ ¥ 100 0.728
amyloliquefaciens B
Bacillus
atrophaeus/subtilis B * * 93 0.617
Bacillus cereus + - - 87 0.749
Bacillus fastidiosus + + - 83 0.675
Bacillus licheniformis + + + 86 0.531
Bacillus marococanus - - + - 0.414
Bacillus megaterium + - + 87 0.749
Firmicutes Bacillus megateriumA | + + + 94 0.796
Bacillus mycides + + - 98 0.745
Bacillus pumilus C + + + 100 0.656
Bacillus simplex + - + 100 0.738
Paenibacillus - - ¥ 87 0.542
illinoisensis
Paenibacillus _ : + 96 0,562
macerans,
Paenibacillus pabuli + - - 100 0.771
Paenibacillus + : + 100 0.793
polymyxa
Staphylococcus + - - 95 0.549
warneri
Acinetobacter - - ¥ 95 0.692
radioresistens
Arthrobacter
histidinolovorans * * * 99 0.610
Arthrobacter ilicis + - + 96 0.582
Actinobacteria Brevibacterium otitidis - - + 86 0.531
Cellulomonas hominis - - + 88 0.596
Micrococcus luteus E + + + 94 0.646
Micrococcus + - + 91 0.704
yunnanensis
. Flavobacterium
Bacteroidetes ngense sp. + 89 0.523
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p-Protecbacteria Par?;g:)hrgge”a + + - 91 0.549
y-Proteobacteria Pseudomonas putida + + + 90 0.697

All the substrates studied (Figure 2) had a medigidic environment (values of pkb 4.5 aZ 5.8 and
the values of pkt) 4.0 az 5.3). Total Organic Carbon ranged from %16 0.20% in the samples
analysed. The content of all observed chemical ehtsnhighly exceeded the limit values. The
monitored substrates are highly contaminated wattict metals, mainly arsenic and antimony, the
highest arsenical and antimony content £A48266 mg/kg, Sk 16455 mg/kg) was detected in POP 1
samples taken from 0 — 20 cm in depth. Increasatkob of lead and other toxic and potentially toxic
metals and half-metals was also detected in alptesn

The basic microbial parameters were determinedrditapto the criteria of Nielsen and Winding (2002)
[28]: measurement of abundance and biodiversitgodf microorganisms, measurement of microbial
biomass and measurement of total organic carboridemdification of key species of autochthonous
microorganisms.

The diversity of isolated microorganisms was aredyby the system BIOLOG. One of the critical
parameters for the characteristic of microbes & ittentification of key types of autochthonous
microorganisms, which can then be used in the tigatibn or revitalization of the area affected by
mining [30]. The most numerous was fFiemicutes strain withBacillus, which occurred in 44% of the
entire cultivable ingredient. Table 1 contains piheviously identified bacteria of the gerexillus, in
which 12 species have been identified. The spéeieterial diversity in sludge lagoons Papsoggests
their capacity to adapt and prosper in their owslagical niche.

Values of microbial biomass ffe) determined by fumigation extraction method [3Hrevvery similar

in samples from sludge lagoon 1 (POP 1) and sllaigmon 2 (POP 2), average sample value ranges
from 550.36 g C to 615.63 ug C per gram of sutes(feable 2). The highest value (656.63 ug C per
gram of substrate) was observed in the sludge ragd®OP 1), where it was once higher than the thir
(Figure 3). This is probably due to a layer of masd low vegetation typical of this locality, which
created more suitable microclimatic conditionstfue existence of soil microorganisms (from POP 1
was isolated 20 species of bacteria, of which Etigs of the genwBacillus from a total of 12 isolated).
The activity of the soil microbial community carsalbe closely combined with soil moisture, soil
temperature and, in particular, the biological uggtof organic substances [32, 33, 34]. The lotves
values of microbial biomass (POP 3 — 309.19 ug 1Gypam of substrate) showed limited availability
of organic substrates and their degradation intgpe of clay soil, but also on the slower intake of
nutrients delivered through biogeochemical cycB&.[

Table 2. Result values microbial biomassi&ug CO-C.giry mattert.h).

POP 1 POP 2 POP 3

Number of samples 5 5 5
WHC max [ml/g] 0.4519 0.4982 0.7127
Addition of water for 44 % WHC 0.0482 0.0726 0.0134

[ml/g]

Arithmetic mean [pg/g] 615.36 550.36 322.29
Max [ug/g] 656.63 621.25 324.56
Min [ug/g] 535.55 515.13 309.19

Median [ug/g] 634.64 532.23 319.58
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M B

The average value of basal respiration rate inecerem the POP 3 sample (10,83/g substrate) to
POP 1 (23.81ug/g substrate). However, in Sample 1, the highest-fitration breathing value was
found (Figure 4). The relatively low values of Haggpiration of microorganisms in all samples were
probably due to high levels of potentially toxiareemetals (especially As and Sb). Such contents of
metals resulted in decreasing of carbon dioxidelygeoon by microorganisms [36]. Soil microbial
indicators such as microbial biomass or basal rasph may serve as one of the environmental
pollution indicators [37, 38].

100 e
80
60

40

ug.gt. 24 hours

P B .

POP1 POP2 POP3

CO,-B mCO,-P

Figure 4. Basal and potential respiration (€0B; CQG - P) determined by quantifying the carbon
dioxide released in the process of microbial atstivi the investigated samples of sludge lagoorréop
from each sludge lagoons)

Many scientific studies [39, 40, 41] demonstrat ttertain microorganisms are able to survive ilsso
and technogenic sediments contaminated by highettrations of toxic metals and semi-metals. An
example is th&irmicutes strain with the identified genugacillus, which occurred in sludge substrates
with the highest observed abundances (62.96%).eBaobf the genuBacillus are known for their
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physiological ability to produce a wide range oftamlites — enzymes, organic acids, vitamins and
toxins [42, 43]. In their biological cycles, thene also several basic mechanisms of resistarmredaic

and antimony, for example, regulating proteins eedowithaioA genesaioB and others for the Sb-
oxidase [43], theArsB gene system for expression As-resistance [39]mady other mechanisms.
These systems are often based on the bacterialcektrlar barrier based on the presence of surface
exopolymers composed of glycides, polysaccharideleic and fatty acids, which complement other
processes of reduction of metal ions by means fifixefextracellular sequestration, intracellular
sequestration and active transport [44].

In addition to the above mechanisms of naturaktasce, many production processes of metabolites
can be further improved and supported by molecgdaretic interventions in the bacterial genome,
including those areas that provide genetically doynted adaptation to increased arsenic and angmon
in the environment [42].

Also in the case of observed bacterial isolatemftbe site of Popkg it was confirmed by several
representatives of autochthonous microbesAhstbperon,AioB-operon and other systems of genetic
resistance to As and Sb are present in the genbimelated autochthonous bacteria [24]. Since these
genes can be subjected to horizontal transmisdiocgn be assumed that other isolated bacterial
autochthonous microbés situ also contain the listed components of the genome.

The ability to withstand long-term exposure to gased concentrations of toxic metals and half-metal
has been previously supported in bactBaaillus by a number of studies [45, 46, 47]. The very high
presence of arsenie 6266 mg/kg) and antimony (16455 mg/kg) in the sludge substrate resulted in
the selection of specifically resistant microorgams for which interesting phenotypic propertiethef
BIOLOG system were confirmed. Also due to the pblggiical capacities of the spores, Baillus
genus can well survive this strong selection pmessaf metal-contaminated substrates and can,
therefore, be considered as the general representait the indicator group of highly adaptable
microorganisms for metal contamination [27, 48, 80]. The fact that the gentacillus has been
confirmed as prevalent in the cultivable part of tletected autochthonous microbes, it can also be
assumed to have a crucial role in the biologicatrbhsformation of metals at the same time as the
gradual changes in the geochemical conditionsila afier mining and industrial activities.

4. Conclusion

The soil represents a vast reservoir of variousiggaf microorganisms, although it is generallyesta
that the proportion of the cultivable ingredienagproximately only 1% of the total amount of baete

in this environment [36]. For this reason, it ise#ial to pay attention to the isolation of newt y
uncultivated, bacterial microorganisms often bepamew genes coding the unusual forms of their
products. These new isolates can find their pakote in various fields of applied microbiologgr f
example in the production of biologically activebstances active in bioremediation processes and in
many others, in which the participation of micrcamgms or their products is an indispensable gart o
biotechnological processes.

Of the available analyses of the condition of hygtbntaminated locality PoptdSlovakia), the strain
with the highest abundance is formedmymicutes, whose biochemical properties have been verified
by the BIOLOG system. It has been confirmed thatrtiost widely represent@&acillus genus is very
variable and adaptive and can, therefore, adapttavelbstrates contaminated with toxic metal ions.
Specific physiological profiles of identified spesiillustrate the possibility of rapid physiolodica
adaptation to adverse physical, chemical and bicdbgnvironmental conditions. Confirmation of the
presence of predominant representatives of thesggamillus in sludge substrates after extraction of
arsenic, antimony and lead means a direct linkegtocess of revitalizing the landscape influerimed
mining and restoring the original biological furmstiof the environment.
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