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the biogenic sulphides.

Summary
The objectives of the present work are to give some view on some biological-chemical methods used for the mine drainage water
treatment. These waters are often characterized by typical high concentrations of sulphates and metals as a consequence of the mining
industry of the sulphide minerals. The principles of the biological-chemical methods of the metals and sulphates elimination from mine
drainage waters include sulphate reduction, bioprecipitation by the application of sulphate-reducing bacteria (SRB) and sorption by

The culture of sulphate-reducing bacteria was isolated from the mineral spring Gajdovka (KoSice, Slovakia) in Postgate medium C.
Mine drainage water samples were collected in Slovak localities Banska Stiavnica and Smolnik.
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Introduction

Current and past mining activities, as well as vari-
ous industries discharge large quantities of wastewater.
Many processes, especidly in the mining and metd lur-
gica processing industry, produce acidic effluents con-
taining significant amounts of dissolved metals. When
these metal-contaminated wastewaters are exposed to
the environment they can cause serious and sometimes
permanent ecological damage (Halberg, 2010). Acid
mine drainages (AMD) usualy contain high levels of
sulphates and metals, such as copper, iron, manganese,
zinc, cadmium and lead, which are not biodegradable
and thus tend to accumulate in living organisms, caus-
ing various diseases and disorders. The amount and
toxicity of the generated mine drainage waters depends
on severd factors such as mineralogy of the rock
material, surface area, crysdlography, temperature,
oxygen concentration, etc. (Pinto et d., 2011).

Numerous techniques and methods have been
studied and developed for mine drainage waters
treatment. The use of biological-chemical treatment
processes, based on the activity of sulphate-reducing
bacteria (SRB), for remediation of metals and sul-
phates contaminated mine drainage waters from 2
Slovak localities — Smolnik and Banska Stiavnica
had been investigated in this work.

Under anaerobic conditions, sulphate can be used
as a termina eectron acceptor by sulphate-reducing
bacteria that couple the oxidation of the substrate
(organic or inorganic compounds) to the reduction of
sulphate and use the energy produced for growth and

maintenance. The anaerobic reduction of sulphate has
been used as a means for treating a variety of sulphate-
containing industrial effluents (Moosa et al., 2002).
Sulphates as the termina electron acceptor, a carbon
source and an electron donor are the primary nutrient
requirements for SRB. Possble eectron donors in-
clude: hydrogen, organic acids (ecetate, propionate),
various acohols (methanol, ethanol) as well as fu-
marate and aromatic compounds (Cao et d., 2012). In
most cases the organic carbon source can also act asthe
eectron donor (Postgate, 1984).

An important component of acid mine drainage
remediation systems based on bacteriad sulphate re-
duction is meta sulphide precipitation. In these treat-
ment processes, sulphate reducing bacteria generate
sulphide and bicarbonate ions that are used to neutral-
ize acidic effluents while the sulphide ions are used to
effect precipitation of the dissolved metal ions as metal
sulphides (Mokone et d., 2012). Sulphide precipitation
is the desired mechanism of contaminant removal
because metad sulphides are highly insoluble and less
bio-available compared with other metal species. This
process is particularly effective for removing heavy
metals such as cadmium, copper, lead, mercury, zinc
and iron to low concentration (Kuyucak, 2002). By
other studies was observed that Fe, Mn, Al, and Zn
seemed to be removed following precipitation or co-
precipitation as hydroxides (Macingova et a., 2011,
Zduski et a., 2003). Metals can aso be removed by
co-precipitation with (or adsorption onto) Fe and Mn
oxides and bacterialy produced metal sulphides (Jong
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and Parry, 2003). It was found that iron sulphide
material, produced by sulphate-reducing bacteria, is an
excellent adsorbent for a wide range of heavy metals
and had a very high specific uptake from solution for
metal ions (Jong and Parry, 2004).

Materials and methods
Sulphate-reducing bacteria

A mixed culture of sulphate-reducing bacteria
was isolated using medium Postgate C from mineral
water collected at Ggdovka spring (KoSice, Slova
kia). It is water with pH 7.5, H,S odour and with
natural content of SRB. The predominant genus in
mixed cultures of SRB is usually Desulfovibrio. Bac-
teria were grown for 10 days at 30°C in glass reac-
tion flasks in anaerobic conditions that had been
generated by introducing an inert gas (Np) and
chemically with sodium thioglycollate.

Mine drainage water

Samples of the mine drainage water were col-
lected in Slovak localities Banska Stiavnica and
Smolnik. In the past in Banska Stiavnica were mined
ores minerals such sphaerite, pyrite, chalcopyrite,
marcasite, galenite. The predominant in Smolnik was
pyrite and chal copyrite. Therefore waters outflowing
from dumps contain increased concentrations of
metals (Fe, Cu, Zn, Pb). In our work sample from
Banska Stiavnica s the outflow from dump of “New
Shaft” (where the Pb-Zn ore deposit was). Second
sample is from the shaft Pech (Smolnik), which is
acid mine drainage from the enclosed and flooded
sulphide deposit (mainly FeS,).

The most expected heavy metas in the mine
drainage — Fe, Zn and Cu were analyzed by atomic

absorption spectrometry — AAS (Spectrometer Var-
ian). Sulphate determinations were made by the
DIONEX ICS-500 lon Chromatograph. Data for pH,
metals and sulphates concentrations in water samples
areshownin Table 1.

Sulphates elimination

The mine drainage water samples analyses con-
firmed high sulphates concentrations and therefore
were prepared 6 experiments with mixtures of mine
drainage waters with bacteria and medium that is spe-
cific for the nutritional needs of the genus Desulfovi-
brio in order to study an activity of SRB (reduction of
sulphates) under created conditions and to follow the
possihility of removing sulphates by SRB from these
waters to minimum levels. Four 250 ml bottles were
filled with modified Postgate medium C (without sul-
phates usualy present in standard medium), with mine
drainage water samples (BS, Sm) and inoculated with
amixture of SRB (inoculum 10%) taken from cultiva-
tion flasks. Experiment 2 was provided without SRB,
such as “abiotic control”. Two 100 ml bottles were
filled only with mine drainage water samples and in-
oculated with 15% of SRB mixture. Experiments con-
ditions are resumed in Table 2. After inoculation 1 ml
of liquid phase from each sample was taken out. Next
sampling was realized during 2 weeks. Solutions were
transferred to plastic tubes, centrifuged at 10000 rpm
for 10 minutes to small solid particles separation and
then were extracts diluted and anadlyzed. The con-
centration of the sulphates in the solutions was de-
termined by ion chromatography. During experiments
were aso measurements of pH vaues carried out.
Bottles were dl the time stored in thermostat at 30°C
and enclosed to avoid an oxygen entry.

Table 1. The analysis of mine drainage water samples
Tabela 1. Analiza probek sciekow

Sulphates Fe Zn Cu
Sample H
P P (mg/l) (mg/l) (mg/l) (mg/l)
Banska Stiavnica (BS) 6.15 980 <0.05 5.7 0.1
Smolnik (Sm) 3.80 1690 206.9 6.3 1.0

Table 2. Experimental conditions for sulphates elimination
Tabela2. Warunki eksperymental ne dla usuwania siarczanéw

. Nutrient medium Mine drainage water SRB inoculum Type of mine drainage
Experiment
(ml) (ml) (vol. %) water sample
1 225 - 10 -
2 250 - - -
3 125 100 10 BS
4 125 100 10 Sm
5 - 90 15 BS
6 - 90 15 Sm
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Metal removal

Following the theoretical findings about meta re-
moval by the application of SRB, were concentrations
of copper, zinc and iron ions in extracts from 6 above
mentioned experiments on the beginning and at the end
of each of them andlyzed by AAS. Under created con-
ditions (nutrients, pH, temperature) was metabolic ac-
tivity of SRB - hydrogen sulphide production, metals
bioprecipitation or adsorption onto bacterially produced
sulphides expected. The specific mechanism responsi-
ble to metal remova was not examined.

To verify the adsorption properties of biogenic
sulphides, separately from previous experiments, were
sorption tests realized. They were conducted by mix-
ing 0.1 g of sorbent samples with 100 ml of mine
drainage water samples. Biogenic sorbent was pre-
pared by SBR cultivation in modified medium Post-
gate C (Jencarova and Luptakova, 2012). The mixture
was stirred for 4 hours in plastic Erlenmeyer flasks
using mechanical laboratory shaker. 2 ml of liquid
phase were taken out in predetermined intervals and
filtered. The concentrations of the metal ions (Cu and
Zn) in thefiltrates were determined by AAS.

Results and discussion

The presence of SRB in cultivation flasks was
verified by the microscopic examination. In addition
the sméll provoked by the hydrogen sulphide was obvi-
ous. This mixture of SRB isolated from Ggdovka
spring was used for experiments of sulphates removal.
Results of thisresearch work are shown on Figure 1.

From the results is possible to state that for sul-
phates elimination from mine drainage waters by
SRB are necessary both compounds, i.e. nutrient
medium with carbon source and bacteriainoculum. It
is obvious that in Experiments 5 and 6, where only
mine drainage water and inoculum were used, no
visible changes in sulphates decreasing are present.
Bacteria without nutrients were not able to grow and

realize sulphate reduction. In Experiments 3 and 4,
where nutrient medium took part, is decrease evi-
dent, especialy in water from Banska Stiavnica,
where amost al sulphates were removed. In Ex-
periment 1, where only nutrient medium with little
initial sulphate concentration was used, were all sul-
phates eliminated by SRB within 5 days. In “abiotic
control” (Experiment 2) were no changes noticed.

The pH value of nutrient medium before SRB
inoculation and mine drainage water addition was in
al experiments adjusted to 7.5 that is the suitable pH
for SRB growth (optimum 6.5-7.5). During experi-
ments duration were changes of pH measured and
are resumed in Table 3. It is evident that after mine
drainage waters addition, especialy AMD from
Smolnik (pH 3.8), the pH of solutions fell down. In
Experiment 6 it reached the value that limits SRB
activity. This induces that not only nutrient presence
but aso pH influences sulphates elimination from
mine drainage water samples (Fig. 1). pH values of
other 5 samples are in an appropriate range for SRB
existence and activity. Also 6.7-6.8 (Experiment 4)
IS satisfactory enough.

Metas remova from solutions in 6 experimental
bottles (composition explained in Table 2) was next
investigated activity. Concentrations of copper, zinc
and iron ionsin extracts on the beginning and at the end
(“find concentration”) of individual experiments were
analyzed by AAS. The determined concentrations are
in Table 4. The total amount of metals in solution after
SRB inoculation and mine drainage water addition into
the bottles with (or without) nutrient medium was
marked as “initid concentration”. In the case of copper
were values very low on the beginning dready. Con-
centrations of zinc decreased in Experiments 1-5,
probably because of bioprecipitation or adsorption.
Only in Experiment 6 was the increase recorded,
caused most probably by dissolving of solid particles
from nutrient medium and SRB inoculum consist of
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Fig. 1. Changes of sulphates concentration during bacterial sulphate-reduction
Rys. 1. Zmiany stezenia siarczandéw podczas zastosowania bakterii redukujacych siarczany
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Table 3. pH values during experiments
Tabela 3. Wartosci pH podczas eksperymentéw

Experiment pH
Day 3 Day 6 Day 10 Day 13

1 7.2 7.0 7.1 7.2

2 7.2 7.1 7.1 7.2

3 7.3 7.4 7.3 7.4

4 6.2 6.7 6.7 6.8

5 7.3 7.5 1.7 7.6

6 4.9 4.8 4.6 45

Table 4. Metal concentrations in solutions
Tabela4. Stezenia metali w roztworach
Fe (mg/l) Zn (mg/l) Cu (mg/l)
Experiment Initial Final Initial Fina Initial Final
concentration concentration | concentration | concentration | concentration concentration

1 0.45 0.5 0.25 0.2 <0.03 <0.03
2 <0.05 <0.05 0.85 0.35 0.9 <0.03
3 19 13 0.4 0.35 <0.03 <0.03
4 62.1 0.5 0.3 <0.03 <0.03 <0.03
5 1.35 0.45 0.7 <0.03 <0.03 <0.03
6 172.85 192.5 0.7 4.55 <0.03 <0.03

zinc precipitates because of pH under 5. The most
notable remova of iron from solution appeared in
Experiment 4, where final concentration was 0.5 mg/l.
It can be explained by very suitable conditions for SRB
activity — hydrogen sulphide production as a conse-
quence of their metabolic processes and precipitation of
iron in form of insoluble iron sulphides. The increasing
of iron concentration occurred only in Experiment 6,
where probably dissolution of iron solid phase from
SRB inoculum decreased the Fe amount.

Sorption experiments carried out by mixing the
biogenic sorbent samples (iron sulphides) with mine

drainage water samples (BS and Sm) to confirm ad-
sorption properties of sorbent created by SRB were
investigated for 4 hours. The efficiency of copper and
zinc sorption from waters are illustrated on Figure 2.

In both cases the initial concentration of copper
was not very high and therefore amost 90% of Cu
ions were removed very quickly (within 15 minutes).
The overdl remova was 99.7% and 98.4%, respec-
tively. The zinc ions sorption was slower, after 240
minutes were from solutions 87% (sample BS) and
74% (sample Sm) of Zn ions removed.
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Fig. 2. Metal removal by sorption experiments from mine drainage waters

Rys. 2. Usuwanie metali przez sorpcje
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Conclusion

The purpose of this work was to investigate some
biologica-chemica methods, specificaly sulphaere-
ducing bacteria utilization, for the mine drainage water
remediation. The results of redlized experiments reved
that the mgjor mine drainage water contaminants (sul-
phates and heavy metals) can be diminated by SRB
activities under appropriate conditions. The biggest
amount of sulphates was removed in Experiment 3 with
mine drainage water sample from Banska Stiavnica. The
highest dimination of iron from solution was attained in
Experiment 4, where AMD from Smolnik was used.

Sorption experiments confirmed a suitability of biogenic
sorbent crested by SRB cultivation to treat the mine
drainage waters polluted with copper and zinc.
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Mozliwosé redukgji siarczandw za pomocg bakterii z kwasnych odciekow kopal nianych

siarczany (SRB) oraz sorpcje przez siarczki biogeniczne.

stowackich okolic Banska Stiavnica i Smolnik.

Celem niniejszej pracy jest zasugerowanie pewnego punktu widzenia na charakterystyke metod biologiczno-chemicznych zasto-
sowanych w drenazowych oczyszczalniach sciekow. Scieki te charakteryzujq sie czesto wysokim stezeniem siarczanéw i metali
bedgcych efektem przemystu gorniczego mineratéw siarczkowych. Do zasad biologiczno-chemicznych metod usuwania metali
i siarczanéw ze sciekéw mozna zaliczyé redukcje siarczanéw, biologiczne wytrgcanie przez zastosowanie bakterii redukujgcej

Kultury bakterii redukujgcej siarczany zostaty wydzielone ze zrédta mineralnego Gajdovka (Koszyce, Stowacja). Scieki pobrano ze

Stowa kluczowe: odciek wod kopalnianych, oczyszczanie, bakterie redukujqce siarczany
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