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Abstract -- The effect of the hydraulic retention 
time and the sulphate-total COD ratio on the per-
formance of an anaerobic biological process applied 
to acid mine drainage water (AMD) was evaluated 
using cheese whey as a carbon source. Laboratory-
scale fixed bed bioreactors operating at 25 ± 2 ºC 
were used in the experiments. Maximum sulphate 
reduction and hydrogen sulphide production were 
achieved at a hydraulic retention time of 8 days and 
at a sulphate-total COD ratio of 0.5. Under these 
conditions, the sulphate removal was found to be 
68.1% while the hydrogen sulphide production was  
0.27 L/day. At the same time, the total COD removal 
obtained was 55.4%.  
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I. INTRODUCTION 
Acid mine drainage (AMD) is a big problem in the min-
ing industries causing the pollution of surface and un-
derground waters. In many cases this pollution provokes 
the disappearance of all aquatic life (Sheoran and Sheo-
ran, 2006). The River Tinto, located in the county of 
Huelva (Southwestern Spain) is a typical case of ex-
treme environment; its average pH is 2.3 and it has a 
high concentration of heavy metals (Fe, Zn and Cu). In 
this river extremophile microorganisms are the only 
ones that make up the biological community, which is 
composed of filamentous algae, fungi and bacteria. 
Among the eukaryotes, heterotrophic protist represents 
the main consumer group in this ecosystem (López-
Archilla et al., 2001).  The pollution caused by the Riv-
ers Tinto and Odiel is the equivalent of around 40,000 
tons of sulphuric acid per year. The main source of pol-
lution is originated in a deposit of 34 Km2, which pro-
duces 3 million m3 AMD per year. This deposit is 3.2 % 
of the total area and 15.5 % of the hydraulic resources 
of the watershed. There are several technologies for 
AMD purification at laboratory, pilot and full-scales. 
One of the technologies developed has been the utiliza-
tion of sulphate reducing bacteria (SRB) which can use 

sulphate as an electron acceptor and form hydrogen sul-
phide leading to an increase in the pH of the water and 
the precipitation of heavy metal sulphides (Wakao et al., 
1979; Maree et al., 1991; Dvorak et al., 1992; Canty, 
1994; Battaglia et al., 2000; Chang et al., 2000; Jong 
and Parry, 2003; Bhagat et al., 2004; Boshoff et al., 
2004; Cohen, 2006; Sheoran and Sheoran, 2006; Van 
Roy et al., 2006; Azabou et al., 2007; Chang et al., 
2007; Hien-Hoa et al., 2007). SRB require a source of 
carbon to use sulphate in anaerobic conditions as a ter-
minal electron acceptor, which is reduced to H2S and 
HCO3

-. The process for heavy metals removal involves 
two stages: the production of H2S by SRB, as previously 
explained, and the precipitation of metals by the bio-
logically produced H2S. This second step allows the 
selective recovery of some metal sulphides (Hammack 
and Edenborn, 1992; Kuyucak and Saint-Germain, 
1994; Marchal et al., 2001; Jong and Parry, 2003; Bha-
gat et al., 2004, Cohen, 2006; Sheoran and Sheoran, 
2006; Van Roy et al., 2006; Azabou et al., 2007; Chang 
et al., 2007; Hien-Hoa et al., 2007). In addition, metallic 
hydroxides and carbonates are also settled due to the 
alkalinity generated during the anaerobic process. It is 
known that carbonate/bicarbonate buffering is produced 
by the generation of CO2 in the anaerobic process, 
which is partially dissolved in the anaerobic liquor. 
Therefore, pH values in a well-operated process remain 
in the range of 6.5-8.5 (Kaksonen and Puhakka, 2007; 
Neculita et al., 2007). Different organic compounds 
have been used as sources of carbon: lactate (Dvorak et 
al., 1992; Jong and Parry, 2003; Bhagat et al., 2004; 
Azabou et al., 2007), ethanol (Hien-Hoa et al., 2007), 
sucrose (Zakaria et al., 2007), phenols (Eccles, 1999), 
starch making process (Chang et al., 2007), tannery 
effluent (Boshoff et al., 2004), beet or sugar cane mo-
lasses (Maree, 1991; Kuyucak and Saint-Germain, 
1994). The optimum sulphate-total COD ratio for SRB 
growth may be in the range of 1:0.5 to 1:4, while the 
recommended C:N:P ratio should be 110:7:1 (Dvorak et 
al., 1992; Kuyucak and Sant-Germain, 1994). In gen-
eral, the authors agree that the sulphate-total COD ratio 


