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Abstract

The aim of this paper is to verify experimentally the possibility of the biological transformation
of the alkaline earth metal sulphates (CaSO, and BaSQ,) to carbonates by sulphate-reducing
bacteria. These carbonates can be used in some industrial technologies (e.g. the energetic
industry — the recycling of desulphurization agent (limestone) for the thermal power plant, the
electrical industry — the production of colour display).
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Introduction

In nature the sulphur can be found as a pure element
or in the form of sulphide and sulphate minerals. Common
naturally occurring sulphur compounds include the
sulphide minerals, such as pyrite (FeS,), cinnabar (HgS),
galena (PbS), sphalerite (ZnS) and stibnite (Sb,Sj);
and the sulphates, such as gypsum (CaSO,), alunite
(KAI(SO,),), celestite (SrSO,) and barite (BaSO,). The
biological circulation of sulphur and its compounds in the
biosphere is considered as one of the basic biological
systems on the Earth (Lide, 1998). The participating
populations of different species of microorganisms (MO)
are able to transform organic substances into inorganic
ones and vice versa supporting the circulation of sulphur
in the nature. The natural biological circulation of sulphur
consists of assimilation and dissimilation parts. The
microbial population of the dissimilation part is called
sulphuretum (Postgate, 1984). In addition to other MO
also the sulphate-reducing bacteria (SRB) take part in the
sulphuretum. They realize the conversion of sulphate to
hydrogen sulphide under anaerobic conditions (Odom and
Singleton, 1993). Gaseous hydrogen or organic substrates
(lactate, malate, etc.) are the electron donor and sulphate
is the electron acceptor (equations 1 and 2). In this process
produced gaseous hydrogen sulphide reacts easily in the
water medium with heavy metal cations forming sparingly
soluble sulphides of the given metals (equation 3):

SRB
4 H, + SO — H,S +2 H,0 + 2 OH~ (1)
SRB
4 CH;COCOONa + 5 MgSO, — 5 MgCQO;3 + 2 Na,CO; +

+5 H2$ +5 COg + HQO (2)
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Me?* + H,S — MeS + 2H* (Me?* — metal cation) (3)

The above-listed equations show the possibility of using
SRB for the removal of soluble heavy metals and sulphates
from acid mine drainage (AMD) (Skousen et al., 1998;
Luptakova et al., 2002; Kaksonen and Puhakka, 2007) or
other industrial waste waters (Cork and Cusanovich, 1979).
In addition, the equation 2 suggests the usage of bacterial
sulphate reduction by SRB on the treatment process for
sulphate-contained sludge (Cork, 1985; Baldi et al., 1996;
Kennedy and Everett, 2001; Luptakova et al., 2003) being
the basis of the biological transformation of sulphates
to carbonates.

The objective of our study is to verify experimentally
the possibility of the biological transformation of the
alkaline earth of metals sulphates — CaSO, and BaSO,
by SRB. Under the appropriate conditions the SRB are
able to convert with a high efficiency the alkaline earth
metal sulphates in corresponding carbonates. These can
be utilized by some industrial technologies (e.g. in the
energetic industry — the recycling of desulphurization agent
(limestone) for the thermal power plant, in the electrical
industry — the production of colour display).

Materials and methods

In the experiment a culture of SRB (genera
Desulfovibrio and Desulfotomaculum) was used. It was
obtained from drinking mineral water Gajdovka (locality
KosSice-north, Slovak Republic). Culture was grown in
a Postgate lactate medium that was prepared sulphate-
-free. The pH was adjusted to 7.2 — 7.5 with 5 M NaOH
solution. Culture medium contained gypsum or barite
as the solid-phase electron acceptors. SRB were grown
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at 30 °C under static and anaerobic conditions. The inoculum
of SRB was 10 % (v/v). For the series of anaerobic tests
SRB adapted or non-adapted were used on the presence
of gypsum or barite. At the adaptation procedure SRB were
transferred three times into the media which contained the
test compound as the sole electron acceptor. The abiotic
controls were carried out without the SRB application at
the same conditions. The nefelometric method was used to
determine the concentration of sulphates at 490 nm using
the Spectromom 195 spectrophotometer. Soluble sulphide
was analysed using a methylene blue method based on
a colourimetric determination of dissolved H,S and HS~
using N, N-dimethyl-p-phenylenediamine. The pH of the
cultivation medium was determined using the PHM 210
MeterLab pH meter.

Results and discussion

The hydrogen sulphide production from the gypsum as
the solid-phase electron acceptors during a 7-day period of
SRB cultivation at using adapted (SRB — A) or non-adapted
bacteria (SRB — N) is described in Fig. 1. Positive influence
of the adaptation procedure was observed. The hydrogen
sulphide amount in the case of adapted SRB using, in
comparison with the non-adapted SRB was above double.
Sulphates from gypsum were reduced by SRB according to
equation (4) forming hydrogen sulphide. In abiotic controls
(SRB — A (abiotic) and SRB — N (abiotic)) the negligible
hydrogen sulphide production was observed.

SRB
2C4H;0,Na + CaSO, — 2CH,COONa + CO, + CaCOj +
+H,S + H,0 (4)

The changes of sulphates and the hydrogen sulphide
concentration at adapted SRB application and at abiotic
control, when gypsum as the solid-phase electron
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Fig. 1. Hydrogen sulphide production from gypsum by non-adapted
sulphate-reducing bacteria (SRB-N) and adapted bacteria (SRB-A).
SRB-A (abiotic), SRB-N (abiotic) — abiotic controls.
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Fig. 2. Changes of sulphates (B)and hydrogen sulphide (®)
concentration during adapted SRB cultivation and changes of
sulphates (O) and hydrogen sulphide (O) in corresponding abiotic
controls using gypsum as the solid-phase electron acceptors.
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Fig. 3. Changes of pH values during adapted SRB cultivation (®)
and corresponding abiotic control (O) using gypsum as the solid-
-phase electron acceptors.

acceptor was used is demonstrated in Fig. 2. Changes of
corresponding pH values is shown in Fig. 3. The comparison
of biotic and abiotic conditions documented the similar
curve shape of changes of sulphates and hydrogen
sulphide concentration, and pH values only during the first
and second days (Figs. 2 and 3). Later the SRB presence
caused the sulphates concentration decreasing and the
hydrogen sulphide concentration increasing. In abiotic
control after the second day sulphates and hydrogen
sulphide concentrations changes were minimal. Also Fig. 2
documented the nutrient medium influence on the barite
dissolving. Fig. 3 described the contrast of pH values
changes between the SRB application and the abiotic
control. Shift of pH values to alkaline zone was recorded at
SRB presence. It corresponds with equation (4) because
CaCQO; as alkaline mater was produced. Abiotic conditions
report consistent decreasing of pH.

The opposed results were observed at the adaptation
of SRB using barite as the solid-phase electron acceptors
(Fig. 4). Non-adapted SRB produced nearly decimal higher
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Fig. 4. Hydrogen sulphide production from barite by non-adapted
sulphate-reducing bacteria (SRB-N) and adapted bacteria (SRB-A).
SRB-A (abiotic), SRB-N (abiotic) — abiotic controls.
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Fig. 5. Changes of sulphates (M) and hydrogen sulphide (®)
concentration during adapted SRB cultivation and changes of
sulphates ([0) and hydrogen sulphide (O) in corresponding abiotic
controls using barite as the solid-phase electron acceptors.
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Fig. 6. Changes of pH values during adapted SRB cultivation (®)
and corresponding abiotic control (O) using barite as the solid-
-phase electron acceptors.

concentration of hydrogen sulphide. At the moment we
cannot explain of this fact. Probably the barium toxicity
influenced on the SRB growth because the barium is
generally toxic to bacteria, fungi, mosses and algae (Roza
and Berman, 1971).

When the barium as the solid-phase electron acceptors
was used the changes of sulphates and hydrogen sulphide
concentration at adapted SRB application and at abiotic
control shows Fig. 5. Changes of pH values at using SRB
are shown in Fig. 6. The decrease of sulphate concentration
and the increase of hydrogen sulphide concentration were
observed in the case of SRB presence. At abiotic control
allocated the decreasing of sulphates. After the initial minor
increasing the hydrogen sulphide concentration showed
the decreasing.

Equations (5) and (6) describe the biochemical reaction
initiated by SRB in the presence of sodium lactate as an
electron donor and BaSQO, as an electron acceptor under
anaerobic conditions at pH 7 according to Baldi et al.
(1996).

SRB
Na-lactate + BaSO, — biomass + BaCO; + BaS + CO, +
+ H,S (5)
BaSO, + 2H,S — BaS + SO, + 2H,0 + S (6)

Equation (5) suggests the biological decrease of the
sulphate concentration and equation (6) the chemical trend,
because produced hydrogen sulphide reduces BaSO, to
BaS. These facts probably explain the zero concentration
of sulphates in the Fig. 5. Experiments realized at biotic
and abiotic conditions have documented the consistent
decreasing of pH.

Conclusions

The study of the biological transformation of alkaline
earth of metals sulphates (CaSO, and BaSO,) confirmed
that SRB obtained from the drinking mineral water Gajdovka
could produce sulphide from the sulphate entity of gypsum
and barite. The sulphate concentration decreased by the
zero concentration in test cultures growing with BaSO, as
the electron acceptor, possibly due to BaS precipitation by
bacterially produced hydrogen sulphide. Hydrogen sulphide
formation from the barite was the slowest when compared to
gypsum as electron acceptor that is more soluble. Sulphate
reduction with gypsum as the electron acceptor probably
resulted in calcite formation (CaCOj) but no precipitation
of sulphide. With barite as the electron acceptor probably
sulphide precipitated as BaS (galena), which is why the
dissolved sulphide concentration remained low.

Acknowledgements. This work was supported by the Slovak
Research and Development Agency under the contract No.
APVV-51-027705, Slovak Grant Agency VEGA under the Project
2/0075/08 and by the ltalian National Council Researches under
CNR Project No. 6-1-132.48.2.



332 Mineralia Slovaca, 42 (2010)

References

BaLbpi, F., Pepi, M., BuRRINI, D., KNIEWALD, G., ScALl, D. & LANCIOTTI,
E., 1996: Dissolution of barium from barite in sewage sludges
and cultures of Desulfovibrio desulfuricans. App. Environ.
Microbiol., 62,2 398 — 2 404.

Cork, D. J., 1985: Microbial conversion of sulfate to sulfur — an
alternative to gypsum synthesis. Adv. Biotechnol. Process,
4,183 - 209.

CoRrk, D. J. & CusaNovicH, M. A., 1979: Continuous disposal
of sulphate by a bacterial mutualism. Devs ind. Microbiol.,
20,591 - 602.

KAKSONEN, A. H. & PuHAKKA, J. A., 2007: Sulfate reduction based
bioprocesses for the treatment of acid mine drainage and the
recovery of metals. Eng. Life Sci., 7,6, 541 — 564.

KENNEDY, L. G. & EVereTT, J. W., 2001: Microbial degradation of
simulated landfill leachate: Solid iron/sulfur interactions. Adv.
Environ. Res., 5, 103 — 116.

Lipg, D. R., 1998: CRC Handbook of Chemistry and Physics. CRC
Press, 79th edition, 2 496. Available on: <http://www.3rd1000.
com/elements/Sulfur.htm>

LuPTAKOVA, A. & KUSNIEROVA, M. & Fecko, P., 2002: Mineralne
biotechnologie II. Sulfuretum v prirode a v priemysle. VSB-TU
Ostrava, ISBN 80-248-0114-0.

LuPTAKOVA, A., KUSNIEROVA, M., BEZOVskA, M. & FECko, P., 2003:
Biological treatment of calcium sulphates sludges genetared
by desulfurization of thermal power plant flue gases. In: 20th
Annual International Pittsburgh Coal Conference Coal — Energy
ant the Environment, Pittsburgh, USA, ISBN 1-890977-20-9.

Obowm, J. M. & RIVERs SINGLETON, J. R., 1993: The sulphate-reducing
bacteria Contemporary Perspectives. Springer-Verlag, New
York, ISBN 0-387-97865-8.

PosTGATE, J. R., 1984: The sulphate-reducing bacteria, 2nd edition.
Cambridge University Press, ISBN 0-521-25791-3.

Roza, O. & BERmaN, L. B., 1971: The pathophysiology of barium:
hypokalemic and cardiovascular effects. J. Pharmacol. Exp.
Ther., 177 433 — 439.

SKOUSEN, J., RosE, A., GEIDEL, G., FOREMAN, R., EvaNs, R. & HELLIER,
W., 1998: A handbook of technologies for avoidance and
remediation of acid mine drainage. Published by the National
Mine Land Reclamation Center at West Virginia University.

Rukopis doruceny 22. 6. 2010
Rukopis akceptovany red.radou 7. 9.2010
Revidovana verzia doruc¢ena 19. 10. 2010



