
 

 

Abstract— In order to describe the relative 
predominance of lactate oxidation and fermentation under 

conditions of biological sulfate reduction, kinetic constants 

( max and Ks) were determined. Chemostat cultures under 

various conditions were employed. The kinetics of sulfate 

reduction and lactate utilization were investigated at residence 

times 1 to 5 d and feed sulfate concentrations of 1.0 to 10.0 g l-1. 

At low lactate concentration, lower max and Ks characterized 

the lactate oxidizers (sulfate reducing bacteria) relative to the 

lactate fermenters. The kinetic properties of the lactate 

oxidizers (LO) were max of 0.2 h-1
 and Ks of 0.6 g l-1 compared 

with a max of 0.3 h-1 and Ks of 3.3 g l-1 for the lactate fermenters 

(LF). The interaction between lactate oxidizers and lactate 

fermenters was demonstrated with the use of mathematical 

models. The LO outcompeted the LF under conditions of low 

lactate concentration (≤5 g l-1) and high sulfide concentration 

(0.3-0.6 g l-1). Lactate fermenters outcompeted the oxidizers 

under conditions of excess lactate concentration (>5 g l-1). The 

predictions by the mathematical models employed were in good 

agreement with the experimental results obtained for bacterial 

growth rates. The importance of an understanding of the 

impact of physicochemical conditions on the metabolic 

dominance in optimizing biological sulfate reduction (BSR) 

system, was highlighted in this study. 
 

Index Terms—Acid rock drainage, biological sulfate 

reduction, fermentation, oxidation 

 

I. INTRODUCTION 

cid rock drainage (ARD) generation is a potential 

hazard to the ecosystem. The release of untreated 

ARD increases the salinity of receiving water and 

contributes to environmental deterioration and ecological 

imbalances. Biological sulfate reduction (BSR), as mediated 

by sulfate reducers (SRB) has potential for the treatment of 

ARD. Lactate can be employed as a carbon-source and 

energy donor for the SRB. Its utilization is associated with 

advantages in BSR process. The biological treatment of 
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ARD is often mediated by mixed microbial consortia. 

However, lactate-fed sulfate reducers are prone to 

competition from other lactate-utilizers in mixed consortia 

[1]. In a sulfate-fed BSR, sulfate reduction is dependent on 

lactate oxidation, such that an optimized lactate oxidation 

results in an optimized BSR process. The competitive 

interaction is linked to the kinetic properties of the 

constituting community members as defined by maximum 

specific growth rate (μmax) and substrate affinity (Ks) [2]. 

Experimental results presented elsewhere [3]-[4] showed 

that lactate oxidizing SRB were less active under conditions 

of high lactate concentrations and dilution rates. Presence of 

high lactate concentrations encouraged the proliferation of 

lactate fermenters. These trends were characterized by 

reduced BSR performance. This phenomenon resulted from 

the independence of lactate fermentation on sulfate 

reduction. Hence, reduced BSR efficiency occurs when 

lactate fermentation prevails.  

The present study investigated the hypotheses proposed in 

previous study [4]. The hypotheses attributed the trends 

observed in the kinetics of biological sulfate reduction, by 

mixed cultures, based on the effect of the volumetric sulfate 

loading rate to be a consequence of shift in lactate 

metabolism.  

Using the kinetic data described in a previous study [4], 

mathematical model description of the effect of feed 

substrate concentration on the BSR kinetics was 

investigated. This modeling approach was used to predict 

the relative dominance of competing microbial populations, 

thereby proposing and validating appropriate experimental 

configurations. To define the operating conditions where 

lactate oxidation dominates, microbial kinetic parameters 

were determined in this study. These parameters were used 

to demonstrate the competition between lactate oxidation 

and lactate fermentation under biosulfidogenic conditions 

i.e. biological sulfate reduction. Model values for the 

bacterial growth rates were compared with the experimental 

results.  

II. MATERIALS AND METHODS 

A. Experimental 

Laboratory scale chemostat cultures at different residence 

times (0.5 to 5.0 d) and sulfate concentrations (1.0 to 10.0 g 

l
-1

) were employed, using a SRB mixed culture inoculum 

isolated from the anaerobic pit of a facultative pond treating 

sewage and adapted to growth on lactate in the laboratory of 

Prof. John Duncan (Rhodes University, South Africa). 

Details of the medium composition are described elsewhere 

[3]. 
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The kinetic data employed in determining the kinetic 

parameters were obtained using the procedure described by 

[3]. Total dissolved sulfide was estimated 

spectrophotometrically at 670 nm, following the colour 

development of methylene blue between the sulfide and 

colorimetric reagent, N,N-dimethyl-p-phenylenediamine 

sulfate [5]. Acetate, propionate and lactate concentrations 

were estimated by HPLC [3]. Sulfate concentration was 

estimated turbidimetrically as barium sulfate [6]. Bacterial 

concentration was estimated as dry mass [3]. 

 

B. Modeling approach 

Lactate was assumed to be the dominant limiting 

substrate and the steady-state experimental data were used 

to determine the kinetic constants. The steady-state data 

were analyzed using the Chen and Hashimoto (Equation 1), 

Contois (Equation 2) and Monod (Equation 3) kinetic 

expressions to determine the kinetic constants.  
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For a continuous culture at steady-state, where cell death 

is negligible and the feed is sterile, µ = D. 

 

The model description was based on the relationship 

between the kinetics of bacterial growth and the lactate 

utilization rate (LUR) (rL) as described by the Pirt Equation 

(Equation 4). Analysis led to values of bacterial yield (Yx/s) 

and maintenance ( sm ) coefficients.  
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III. RESULTS AND DISCUSSION 

The values of the kinetic constants obtained are as 

follows, lactate oxidizers were characterized by a max of 0.2 

h
-1

 and Ks of 0.6 g l
-1

 compared with a max of 0.3 h
-1

 and Ks 

of 3.3 g l
-1 

for the lactate fermenters. 

The competition between lactate fermenters (LF) and 

oxidizers (LO) was modeled by integrating the kinetic 

constants estimated above into the mathematical models 

employed in this study. The residual lactate concentration in 

the range 0.0 to 25.0 g l
-1

. This range of values was based on 

the lactate concentrations detected in the experiments [4]. 

As shown in Fig. 1, the lactate oxidizers were the 

predominant microorganisms, out-competing LF, at low 

lactate concentrations, ≤ 5.0 g l
-1

.
 
This can be attributed to 

the characteristic low Ks of LO. Lower value of Ks implies 

higher affinity for lactate by the LO and their consequent 

ability to thrive under conditions of limiting lactate 

concentrations as observed in the experiment where the 

chemostat cultures were fed with starting sulfate 

concentration of 1.0 g l
-1

 [4]. The equivalent feed lactate 

concentration of 2.22 g l
-1

 and the detected residual lactate 

concentrations were in the range 0.015 to 0.029 g l
-1

, for this 

experiment [4]. On the other hand, increasing lactate 

concentrations (> 5 g l
-1

) is associated with out-competition 

of the LO by the lactate fermenters. This trend corroborates 

the hypothesis reported in the previous studies of the shift in 

lactate utilization pathway from oxidation to fermentation at 

higher lactate concentrations, vis-à-vis increasing sulfate 

concentration. This phenomenon resulted in a decrease in 

biological sulfate reduction. Sulfate conversion decreased in 

the range 87-40% with increase in starting sulfate 

concentration in the range 1.0-10.0 g l
-1

 [4]. 

 

 
 
 
Fig. 1: Model description of competition for lactate between lactate 

fermenters and oxidizers in the current study. Specific growth rate ( ) as a 

function of lactate concentration. 
 

 

Based on a previous study [7], which showed that the 

growth of lactate fermenters was repressed by 50% in the 

presence of 0.165 g l
-1

 while that of the oxidizer remained 

unchanged. A second scenario was investigated in this 

study, such that the maximum specific growth rate, max of 

LF obtained was reduced to 0.15 h
-1

, while the 

corresponding Ks value of LF (3.3 g l
-1

) and the kinetic 

constants of the LO ( max of 0.2 h
-1

 and Ks of 0.6 g l
-1

) were 

kept constant. The simulation was carried out as previous in 

the previous scenario, varying the residual lactate 

concentration in the range 0.0 to 25.0 g l
-1

. The 

predominance of lactate oxidation persisted despite 

increasing concentration of lactate (Fig. 2). The trends 

observed concurs with the experimental results showing that 

the bioreactor fed with  10.0 g l
-1 

exhibited increasing 

volumetric sulfate reduction rate despite the associated 

increase in lactate concentrations (8.0-22.3 g l
-1

). Sulfide 

concentrations detected in this experiment were in the range 

0.3-0.6 g l
-1

 [4]. Hence the consistent prevalence of LO 

resulted from the sustained inhibitory effect of sulfide on 

LF. 

 

 

 
 

[Lactate] (g l
-1

)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 5 10 15 20 25

Lactate fermenters

Lactate oxidizers

-1 h

Proceedings of the World Congress on Engineering and Computer Science 2011 Vol II 
WCECS 2011, October 19-21, 2011, San Francisco, USA

ISBN: 978-988-19251-7-6 
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

WCECS 2011



 

 
Fig. 2: Model description of the observation at 10.0 gl-1 sulfate in the 
presence of high sulfide concentration (0.3 to 0.6 g l-1) inwhich the specific 

growth rate ( ) is estimated to be reduced by 50%. Specific growth rate ( ) 

as a function of lactate concentration. 
 

 

At starting sulfate concentrations of 2.5 and 5.0 g l
-1

, the 

experimental data showed that at high residence times 3-5 d 

where sulfide concentrations of 0.13-0.53 g l
-1 

were 

recorded, increasing volumetric sulfate reduction rates with 

increasing dilution rates were observed [4]. Conversely, at 

residence times 1-2 d, associated with sulfide concentrations 

of 0.014-0.088 g l
-1

, there was a sharp decline in the 

volumetric sulfate reduction rates with increasing dilution 

rates. These experimental observations are in agreement 

with the simulations carried out herein. 

IV. CONCLUSION 

In mixed consortia mediating the biological sulfate 

reduction process, limiting lactate concentrations encourage 

the proliferation of lactate oxidizers. Hence, consequent 

enhancement of sulfate removal. On the other hand, the 

growth of lactate fermenters is encouraged under conditions 

of higher lactate concentrations. This occurrence would lead 

to the prevalence of lactate utilization via the fermentative 

pathway, leading to reduced sulfate removal efficiency. 

Presence of sulfide inhibits lactate fermentation. 

Sulfide stripping, a common practice in acetate- and 

ethanol-fed BSR reactors, may be unnecessary and 

unbeneficial for lactate-fed reactors, except at sulfide 

concentrations inhibitory to the SRB. Furthermore, the 

findings provided herein will assist in the design of a BSR 

system mediated by mixed consortia and fed with “high-

energy substrates” which are prone to competition.  

.  
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