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Introduction
 Microbiological reduction of sulphates (sulphate 
breathing) has been increasingly often used in biotech-
nological processes [1, 2, 3]. It involves the use of sul-
phate-reducing bacteria (SRB) whose activity is particular-
ly attractive in the processes of heavy metal removal from 
wastewater and underground water, in bioremediation of 
soil [4], utilisation of wastewaters [5, 6, 7, 8] and in bio-
degradation of organic compounds especially in systems of 
highly charged wastewaters, where aerobic processes are 
preceded by those of anaerobic biodegradation [9, 10]. Par-
ticular biotechnologies are adapted to specific needs and 
conditions, e.g. removal of metal ions from wastewater in 
which they occur in low concentrations [11] or reduction   
in chemical oxygen demand COD in municipal wastewater 
[8]. Bioprocesses of this type are promoted because of low 
cost, easy control, nontoxic wastewater, and first of because 
they are economically and ecologically beneficial [12, 13]. 
 Microbiological reduction of sulphates has been thor-
oughly studied [4, 14, 15, 16] and applied in technologies 
of natural environment protection and restoration, in clean-
ing of environments polluted with organic compounds, sul-
phates and soluble heavy metals [4, 11].  In the process 
of microbiological reduction of sulphates SRB (Sulphur 
Reducing Bacteria) use sulphates as the final acceptors of 
electrons in the breathing chain. SRB gain energy from 
oxidation of organic compounds, for instance lactates and 
simple organic compounds contained in wastewater of 
post-wastewater sediments [1, 16]. In general the process 
can be described as:

(C, O, N, P, H) + FeSO4 H2O --BRS-- FeS + COO- + CO2 (1)

 In these processes, bio-treatment of wastewater re-
duces the level of organic compounds content (COD) and 
simultaneously removes heavy metal ions in the form of 
nontoxic insoluble sulphides which are easy to separate 
and allow recovery of metals [1]. Usually in technologies 

of treatment of wastewater heavily charged with organic 
compounds, aerobic processes are preceded by anaerobic 
ones [18] in which the activity of SRB, occurring in bottom 
sediments and underground water, especially in the regions 
polluted with organic compounds [19], is determined by 
the supply of organic substances and sulphates. In the case 
of mixed bacteria cultures with domination of SRB, com-
peting e.g. with methane bacteria, it is determined by the 
ratio of the initial concentrations of COD to [SO4

2-][18].
The process of sulphate breathing will not proceed if the 
environment conditions such as temperature, pH, salinity 
or organic compounds content, do not meet the demands 
of SRB, so the use of these bacteria must be preceded by 
checking the possibility of their application in each specific 
case.
 The general purpose of this study is to check the possi-
bility of using SRB for the process of dairy industry waste-
water purification. This type of wastewater contain main-
ly carbohydrates, dominated by lactose (30.9%), proteins 
(23.6%, including 80% of casein) and fats (41.4%) com-
ing from milk and its products [17]. The main aim of the 
study was to evaluate the catabolic activity and dynamics 
of growth of SRB culture in the process of COD reduction, 
accompanied by reduction of sulphates to sulphides which 
take place in a modified Starkey medium containing dairy 
industry wastewater as the only source of energy needed 
for the bacteria metabolism.

Materials and methods 
 The sulphate reducing bacteria (SRB) used in the study 
were isolated from the marshy soil from the vicinity of  
Poznan city and identified as Desulfotomaculum ruminis 
[18]. The isolated culture of these bacteria was stored and 
grown on liquid Starkey medium [18] containing [g/dm3]: 

MgSO4·7H2O – 2.00; Na2SO4 - 2.42; NH4Cl - 1.00; 
K2HPO4 - 5.00; CaCl2·6H2O - 0.25; 
FeSO4(NH4)2SO4·6H2O - 0.50.

Summary
One of the most heavily laden pollutants is dairy wastewater with excessive volume of sulphates. Biological methods use sulphate-reducing 
bacteria Desulfotomaculum ruminis in dairy wastewater treatment. They carry out dissimilatory reduction of sulphates, which uses sul-
phate ions (IV and VI) as the final acceptors of electrons and hydrogen. Laboratory studies have shown that sulfides (mostly FeS) precip-
itated during dissimilatory reduction having deterrent effect on the decrease of ions SO4

2- to S2- when concentration of Fe is over 400 mg/
dm3. Diary wastewater treatment process with the participation of SRB results in secretion of hydrogen sulfide and a decreasing COD, i.e. 
reducing the concentration of organic substrates.
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Fig. 1 Changes in the rate of SO4
2- reduction to S2- taking place in the process of microbiological  reduction 

in a standard Starkey medium, (37oC, Desulfotomaculum ruminis)

Rys. 1 Stopień  redukcji SO4
2- do S2-  zachodzącej podczas mikrobiologicznej redukcji zachodzącej 

w pożywce standardowej Starkey’a ( temp. 37oC, Desulfotomaculum ruminis)

Fig. 3 The influence of the initial content of wastewater from “Krzepice” in modified Starkey  medium on the reduction in COD
Rys. 3 Wpływ początkowej zawartości ścieków z Krzepic w zmodyfikowanej średniej Starkey’a na redukcję w COD

Fig. 2 The influence of the initial content of wastewater from “Krzepice” in modified Starkey   medium on the effectiveness of micro-
biological reduction of sulphates to sulphides

Rys. 2 Wpływ początkowej zawartości ścieków z Krzepic w zmodyfikowanej średniej Starkey’a na efektywność 
redukcji mikrobiologicznej siarczanów do siarczków
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 The only source of carbon and energy was 10.16 cm3  
of sodium lactate. The medium also contained microele-
ments in the following amounts [g/cm3 ]: 

MnSO4·4H2O - 6.2·10-4; CuSO4·5H2O - 2.4·10-4;
ZnNO3·6H2O - 2.0·10-5;  (NH4)2MoO4 - 2.0·10-5; 
NaHSeO3 - 2·10-11; H3BO3 - 1.7·10-4.

 The media studied were industrial wastewater the 
Regional Diary Cooperatives in Krzepice and Radoms-
ko, containing organic and inorganic pollutants including 
sulphates and metals [17]. Kinetic studies were carried out 
at 37oC, pH=7.0 - 7.5 in anaerobic conditions (helium) in 
tightly closed reactors of 50cm3 capacity, filled with the 
modified Starkey medium without lactate and the waste-
water which was the only source of carbon and energy for 
SRB. The amounts of the wastewater are specified in the 

results section. After blowing helium to ensure anaerobic 
conditions, the samples were inoculated with a 4% inocu-
lum collected from the culture in the phase of logarithmic 
growth (after 24 hours). The wastewater samples of pH 
close to 6.5, were stored in a refrigerator. The samples to 
be used in experiments were heated to room temperature. 
Prior to the study they also had to increase their pH to about 
7.0, which was made by adding a diluted NaOH solution. 
The rate of the microbiological process of sulphate decom-
position was evaluated from the degree of SO4

2- reduction 
to S2- and the rate of reduction in chemical oxygen demand, 
measured at certain time intervals. To make the measure-
ments the reactors were blown with helium and the blown 
out H2S was absorbed in washer containing 0.02 mole/dm3 
solution of cadmium acetate. The sulphides precipitated 
were quantified by the iodometric method [20]. The effec-
tiveness of desulphurisation (reduction in COD - indicator 

Fig. 5 The influence of the initial content of the wastewater from “Radomsko” 
in modified Starkey medium on microbiological reduction in COD

Rys. 5 Wpływ początkowej zawartości ścieków z Radomska w zmodyfikowanej średniej Starkey’a na redukcję w COD

Fig. 4 The influence of the initial content of wastewater from “Radomsko” in modified Starkey medium on the effectiveness of micro-
biological reduction of sulphates to sulphides

Rys. 4 Wpływ początkowej zawartości ścieków z Radomska w zmodyfikowanej średniej Starkey’a na efektywność 
redukcji mikrobiologicznej siarczanów do siarczków



Inżynieria Mineralna — LIPIEC-GRUDZIEŃ <2014> JULY-DECEMBER — Journal of the Polish Mineral Engineering Society272

of organic matter content) was measured by the amount of 
oxygen consumed in the reactions upon heating the sample 
with an oxidising reagent (potassium dichromate) accord-
ing to the method described in [21].

Results and discussion 
 The kinetic curve of dissimilative sulphate reduction 
in the standard Starkey medium has a specific shape cor-
responding to the three typical phases of microorganisms 
growth, i.e. to the induction growth lasting for the bacteria 
studied for about 15 hours, the phase of logarithmic growth 
- disturbed by a temporary decrease in the rate of trans-
formation, and the phase of equilibrium and stabilisation 
(Fig. 1).
 The process is completed in about 30 hours and after 
the concentration of sulphides studied in the Starkey medi-
um is 100 mg of sulphides in 1 litre (Fig. 1). In the modified 
Starkey media lactate has been replaced by a given waste-
water sample from the water treatment plant “Krzepice” in 
the amounts of 1%, 5% and 10%. After 6 days of reaction 
the greatest amount of sulphates was reduced in the me-
dium containing 10% of the wastewater (Fig. 2). For in-
stance, after 11 days of reaction, in the medium containing 
10% of the wastewater the presence of about 1200 mg of 
sulphides formed as a result of microbiological reduction 
of sulphates, was found. This result indicates that in these 
conditions the molar ratio of organic carbon introduced 
with the wastewater to the amount of reduced sulphates 
was the optimum.
 The decrease COD in the medium containing 10% 
wastewater after 11 days of reaction attained 85 mg O2/
dm3, and the COD values decreased from 120 mg O2/dm3 to 
35 mg O2/dm3.
 Simultaneously series of measurements were made for 
the wastewater from the water treatment plant “Radoms-
ko”. The kinetic curves characterising microbiological 
reduction of sulphates in the presence of these samples 

showed greater diversity (Fig. 4).
 The amount of sulphides obtained as a result of micro-
biological reduction of sulphates after 8 days in the medi-
um containing 1% or 5% of wastewater from “Radomsko” 
are lower than those of “Krzepice”, however kept in the 
same range and are close to 700 mg/dm3 and 1000 mg/dm3 

respectively, while in the medium containing 10% of this 
wastewater it is 1200 mg/dm3. 
 The reduction in COD observed for this series of ex-
periments is illustrated in Fig. 5. In the media containing 
5% or 10% of the wastewater, COD was reduced by about 
60 mg O2/dm3, while in the medium containing 1% of the 
wastewater - by about 40 mg/dm3.
 According to the above presented results, in the mod-
ified Starkey medium in which lactate has been replaced 
by diary industry wastewater, acting as the only source of 
carbon and energy for SRB, after about 10 days the non-
toxic sulphides are obtained as a result of microbiological 
decomposition of sulphates in the amounts from 400 mg 
S2-/dm3 to 700 mg S2-/dm3, in the form of precipitate. The 
above process is accompanied by a reduction in the content 
of organic pollutants measured by COD (chemical oxygen 
demand) which in the optimum conditions was 1000 mg 
O2/dm3. In order to maintain continuity of the process, the 
wastewater should be supplemented with additional por-
tions of sulphates to keep the best proportion between the 
content of sulphates and the level of wastewater pollutants. 
The pollutants present in the wastewater were proved to 
be nontoxic to the sulphur reducing bacteria and did not 
inhibit their growth. The bacteria strain tested can be used 
for the removal of soluble mineral (metal ions) and organic 
pollutants.

Acknowledgments
The study was supported by National Centre of Science 
with grant for research project no. NN 304 364 938.



273Inżynieria Mineralna — LIPIEC-GRUDZIEŃ <2014> JULY-DECEMBER — Journal of the Polish Mineral Engineering Society

Literatura - References 

1. Barton L.L., Tomei F.A.: Characteristics and activites of sulfate – reducing bacteria, Biotechnology Hand-
books, Vol. 8, Sulfate – reducing Bacteria Barton L.L. (Ed.) Plenum Press, New York, London, pp. 1-22, 
1995

2. Walenciak M., Domka F., Szymańska K., Głogowska L.: Biological reduction of sulfates in purification on 
waste from the alkohol industry, Polish J. Environ. Stud., 8 (1) 59, 1999

3. Meller A., Domka F.: Aktywność katabolityczna mikroorganizmów wyizolowanych ze środowisk natu-
ralnych w procesie biotransformacji fosfogipsu, Prze. Chem., 86 (2) 143-148, 2007

4. Jadali K., Baldwin S.A.: The role of sulphate reducing bacteria in copper removal from aqueous sulphate 
solutions, Wat. Res., Vol. 34 (3)  pp. 797-806, 2000

5. Luptakova, A., Macingova, E.: Alternative substrates of bacterial sulphate reduction suitable for the 
biological-chemical treatment of acid mine drainage. Acta Montanistica Slovaca. Volume: 17. Issue: 1. pp. 
74-80. ISSN 1335-1788, 2012

6. Cao, J., Li, Y., Zhang, G., Yang, C. and Cao, X. Effect of Fe(III) on the biotreatment of bioleaching solu-
tions using sulfate-reducing bacteria. International Journal of Mineral Processing. 2013, vol. 125, s. 27-33. 
DOI: 10.1016/j.minpro.2013.09.004

7. Bai, H., Kang, Y., Quan, H., Han, Y., Sun, J., Feng, Y. Bioremediation of copper-containing wastewater 
by sulfate reducing bacteria coupled with iron. Journal of Environmental Management. 2013, vol. 129, s. 
350-356. DOI: 10.1016/j.jenvman.2013.06.050

8. Szulczyński M., Gąsiorek J., Domka F.: Niektóre aspekty skutecznego oczyszczania ścieków z równocze-
snym przetwarzaniem siarczanowych odpadów przemysłowych, Gaz, Woda i Technika Sanitarna 3 (III), 
65, 1987

9. Kosińska K.: Wykorzystanie procesu mikrobiologicznego rozkładu siarczanów do oczyszczania ścieków 
przemysłowych, Prace Naukowe  Politechniki Szczecińskiej, 11, 423, 1990

10. Brown R. S.: Regeneration of scrubber affluent containing sulfate radicals, US Patent No. 242, 448, 1980

11. Barnes L.I., Janssen F.I., Sherren I., Versteegh I.H., Koch R.O.: Simultaneous microbial removal of sulfate 
and heavy metals from waste water, Trans. Industry Metall., 101, C183-C199, 1992

12. Waligórska M., Seifert K., Domka F., Korzeniowski A.: Catabolic activity Bacillus and Desulfotomaculum 
ruminis bacteria a medium containing rape-seed oil methyl esters (R-Me). Polish J. Environ. Stud., 13 (6), 
729, 2004

13. Burgess S.G., Wood L.B.: Pilot-plant studies in production of sulfur from sulfate enriched sewage sludge, J. 
Sci. Food. Agric., No. 12, 2009

14. Winfrey M.R., Zeikus J. G.: Effect of sulfate on carbon and electron flow during microbiological methano-
genesis in fresh water sediment., Appl. Env. Microbiol., 33, No. 2, 1997

15. Choi E., Rim J.H.: Competition and inhibition of sulfate reducers and methane producers in anaerobic 
treatment, Wat. Sanit. Technol., 23, 1256, 1991

16. Bothe H., Trebs A.: Biology of inorganic nitrogen and sulfur, Springer, New York 1981

17. Danalewich I.R., Papagiannis T. G., Belyea R.L., Tumbleson M.E., Raskin L.: Characterization of dairy 
waste streams, current treatment practices and potential for biological nutrient removal, Water Res., 32, 
3555-3568, 1998

18. Bergey’s, Manual of Determinative Bacteriology, IX Edition,Williams and Wilkins, 1994

19. Szymańska K., Domka F.: Interaction of acid with metal sulfate reduction by Desulfotomaculum ruminis 
bacteria, Polish J. Environ. Stud., 12 (1), 99-104, 2003



Inżynieria Mineralna — LIPIEC-GRUDZIEŃ <2014> JULY-DECEMBER — Journal of the Polish Mineral Engineering Society274

Słowa kluczowe: bakterie redukujące siarkę (SRB), Desulfotomaculum ruminis, rozkład związków organicznych, redukcja siarczanów, 
oczyszczanie ścieków mleczrskich 

Zastosowanie mikrobiologicznego rozkładu siarczanów w procesie redukcji ChZT w ściekach przemysłu mleczarskiego
Jednym z zanieczyszczeń najbardziej obciążających środowisko naturalne są ścieki mleczarskie z nadmierną ilością siarczanów. Metody 
biologiczne pozwalają użyć bakterii redukujących siarczany szczepu Desulfotomaculum ruminis w oczyszczaniu ścieków mleczarskich. 
Baterie te dokonują dysymilacyjnej redukcji siarczanów, podczas której wykorzystują jony siarczanowe (IV i VI) jako ostateczne akceptory 
elektronów i wodoru. Badania laboratoryjne wykazały, że siarczki (głównie FeS) wytrącane  podczas dysymilacyjnej redukcji ograniczają 
zmniejszenie jonów SO4

2- do S2-, gdy stężenie Fe wynosi ponad 400 mg/dm3. Proces oczyszczania ścieków mleczarskich z użyciem SRB 
powoduje wydzielania się siarkowodoru i doprowadza do zmniejszenia ChZT, czyli zmniejszenie stężenia substratów organicznych.
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