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 Combustion of fuels containing H2S results in emission of sulfur oxides to the 

atmosphere. It is causing serious environmental pollution problems and hazards to 
human health. An environmental friendly and reliable sulfur recovery method from 

natural gas is required to replace with conventional desulfurization plants. The purpose 

of the present research was to investigate the ability of isolated mixotrophic 
microorganisms for the removal of hydrogen sulfide from sour gas. Pure culture was 

obtained by propagation and screening of mixed culture in an enriched media. The 

mixed culture was originated from hot spring. The isolated bacteria were identified by 
Gram stain and microscopic observations. The prepared mixed gas of the components 

of H2S, CO2, Ar and CH4 comprise of 5, 5, 10 and 80 % v/v, respectively. Batch 

experiments were conducted under anaerobic condition while monitoring cell growth, 
elemental sulfur and utilized H2S. Several parameters such as temperature, pH and H2S 

concentration for optimal growth were investigated. Gas chromatography and atomic 

adsorption analyzers were employed to determine the amount of sulfide and elemental 
sulfur in gas and liquid phase, respectively. Maximum cell concentrations, elemental 

sulfur and utilization of hydrogen sulfide at 36 ˚C, mixed gas total pressure of 1.4 atm 

and pH, 6.5 were 1.35 g/L, 5.6 and 21.4 mg/L, respectively. It was found that the 
isolated bacteria are most probably a facultative chemolithotrophic sulfide oxidizer 

bacterium, due to slightly utilization of CO2. Also, variation of total mixed gas pressure 

in the range of 1 to 1.4 atm did not exert significant inhibition on biodesulfurization 
process. The modified Logestic model was developed to predict the cell growth. 

Leudking-piret and modified Leudking-piret models were derived for the hydrogen 

sulfide removal and elemental sulfur production. The projected models were well fitted 
with obtained experimental data and the model’s constant were determined. The 

calculated constants reveal that the consumption of H2S and sulfur formation are 

growth associated. 
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INTRODUCTION 

 

 In the last decades, clean air considerations have led to drastic reductions on allowable sulfur content for 

natural gas. The strict regulations on sulfur content of natural gas give an impetus to perform research on deep 

desulfurization [19]. H2S is one of the harmful sulfur compounds which must be removed from gas streams 

prior to utilize. Combustion of fuels containing H2S results in emission of sulfur oxides (SOx) to the atmosphere. 

It is causing serious environmental pollution problems and hazards to human health [5].Apart from 

environmental concerns, H2S has to be removed from gas streams as it is a malodorous, toxic, and corrosive gas 

[18]. 

 An environmental friendly and reliable sulfur recovery method from natural gas is required to replace with 

conventional desulfurization plants. Several methods for the removal of H2S from gas stream are commonly 

available such as claus, shell-paques and sulfinol. Some of these processes only remove H2S, whereas the others 

eliminate it and subsequently convert it to less harmful compound [11]. 

 Generally, high capital costs and special catalysts are drawbacks of these processes. In small natural gas 

field, biological methods can be considered as the most economical process at ambient conditions [14,18]. 

Biological oxidation of H2S to elemental sulfur and then sulfate is one of the major reactions of the nature sulfur 
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cycle [20,21]. Various groups of bacteria are able to oxidize the reduced sulfur compounds under aerobic or 

anaerobic conditions [7]. 

 Basic advantages of the aerobic process are extreme simple and economic. However, its main drawbacks 

are the occurrence of side reaction and the disposal of the foul air containing H2S. These difficulties may be 

resolved by the use of anaerobic treatment instead of an aerobic process [1,9]. 

 According to energy and carbon source, anaerobic H2S oxidizing bacteria are classified into two main 

categories. The first group is photoautotroph that utilizes light as energy source, H2S as an electron donor for 

CO2 reduction in a photosynthetic reaction. The second group is Chemolithotroph utilize H2S as an electron 

donor for nitrate or nitrite reduction. Chemolithotrophic H2S oxidizer bacteria are able to grow on organic and 

inorganic sulfur compound as energy source [2,19] Oxidation of hydrogen sulfide under denitrification 

conditions could lead to formation of sulfur and nitrogen. The major reaction can be summarized as follows 

(Cardoso, et al. 2006; Garrity, et al. 2004): 
2

3 2 2S  0.4NO  2.4H  S  0.2N  1.2H O              (1) 

 In the present study, the act of facultative chemolithotrophic microorganism as biocatalyst was investigated. 

To improve the biodesulfurization efficiency, it is required to utilize a pure strain of microorganism. For this 

purpose the mixed culture was grown repeatedly on enrich media and plate agar. Biodesulfurization process in 

anaerobic condition was conducted using the isolated pure microorganism. In order to obtain optimal growth, 

the effect of media temperature, initial pH and H2S concentration on microbial cell population were 

investigated. The kinetic models were developed for cell growth, H2S as substrate and products formation in the 

pure culture under several gas pressures.  

 

MATERIALS AND METHODS 

 

Bacteria and Medium Preparation: 

 Bacteria residing in sulfur spring have great potential to degrade reduced sulfur compounds (Martinko, and 

Madigan 2005). In this research, the mixed culture was sampled from the hot spring located in the hill side of 

the Alborz mountain range (Ramsar, Iran). For the growth of mixed culture, the chemical composition of 

NH4Cl, MgCl2.6H2O, KH2PO4, K2HPO4, NaNO3, yeast extract and Na2S2O3.5H2O were 0.6, 0.2, 1.2, 1.2, 0.3, 1 

and 7 g/L, respectively. Also, 2 mL of vitamins solution and 1 mL of trace metals were added to the prepared 

synthetic medium (Hirai, et al. 2001, Khavarpour, et al. 2011). All the chemicals used were analytical graded 

and supplied by Merck (Darmstadt, Germany). 

 The isolated organism was grown in a 125 mL degassed serum bottle under anaerobic condition at 

atmospheric pressure. The serum bottle was contained 50 mL of liquid media and the remaining volume was 

allocated for the removal of hydrogen sulfide considerations. The obtained mixed gas of the components of H2S, 

CO2, Ar and CH4 comprise of 5, 5, 10 and 80 % v/v, respectively. The sterilized media in serum bottles were 

inoculated with fresh isolated culture. To provide an anaerobic condition and acclimatize the isolated bacteria to 

H2S, the mixed gas was purged into an inoculated culture. The incubation was carried out in an orbital shaker 

(Stuart, S1500 and UK) with agitation rate of 180 rpm at 36 °C for 72 h. 

 

Batch Experiment: 

 The batch experiments were conducted in bioreactor (Infors, Switzerland) with working volume of 3.5 L. 

The bioreactor and the all reagent bottles were autoclaved in 121˚C and 20 minutes. The acclimated seed culture 

was prepared and harvested at a mid exponential phase. The inoculum of 250 mL seed culture was anaerobically 

transferred to the bioreactor containing 3250 mL medium. The mixed gas was purged into bioreactor at 

atmospheric pressure. To obtain the optimum growth condition, the experiments were carried out at various 

temperatures (24-40˚C) and initial pH in the range of 5-7. The effect of initial concentration of H2S in 125 mL 

degassed serum bottle was investigated. For the effect of initial H2S concentration, the total system pressure for 

the gas mixture varied from 1 to 1.4 atm. 

 

Analytical Method: 

 The cell population was determined by optical density of the media using spectrophotometer (Unico, 2100, 

USA) at wavelength of 600 nm (OD600nm). Gram stained slides for the screening samples of microorganisms 

were observed under optical microscope (Olympus B071, Japan). Gas chromatograph (Agilent, 7890A, USA) 

equipped with a thermal conductivity detector (TCD) was used for gas analysis. A packed column (HayeSep Q) 

with 80/100 mesh (Supelco, USA) was used to analyze hydrogen sulfide, argon, methane and carbon dioxide. 

The initial oven temperature was 80°C. The temperature was programmed with a step rate of 10°C.min
-1

 until 

reached to 140°C and remained at that temperature for 1min. The injector and detector temperatures were 100 

and 250˚C, respectively. Helium gas was used as carrier gas at a flow rate of 30 mL.min
-1

 [12]. The amount of 

produced sulfur was measured by atomic adsorption spectrophotometer (Shimadzu AA-6300, Japan). All gas 



767                                                                    Ghasem Najafpour et al, 2014 

Advances in Environmental Biology, 8(13) August 2014, Pages: 765-773 

and liquid samples were taken in every 6h. The gas analyses of samples were repeated twice and the obtained 

mean value was recorded. 

 

RESULTS AND DISCUSSIONS 

 

Screening and Isolation of Bacteria: 

 Screening of the microorganism was carried out in an enriched mixed culture. The growth was 

accomplished in broth; the rich culture was inoculated on nutrient agar medium. These experiments were 

conducted under anaerobic condition and mixed gas at atmospheric pressure to supply H2S. The incubation was 

carried out in broth and Petri-dishes to identify various colonies. For such propose, a loop of culture was first 

streaked on to the agar plates and then incubated at 36°C for 72h. After identifying different colonies formed, 

each colony was inoculated on an individual plate agar with the same composition. The procedure, streaking out 

on plate, was repeated to isolate H2S oxidizing bacteria from other. The isolated bacteria were identified by 

Gram stain. The microscopic analyses were performed for the isolated organisms. Fig 1 shows three images of 

plates for two distinct organisms in morphological status of bacillus with magnification of 1000 folds. As it is 

shown in Fig 1, photographic and microscopic observation shows that strain 1 has white color colony, notched 

edge and it is gram positive. The strain 2 by contrast, has yellow color colony and rounded; they are gram 

negative bacteria. 

 

 
 

Fig. 1(a): Photograph of mixed culture microorganism on plate agar, (b) photographic and microscopic image of  

pure culture, strain 1(H1), (c) photographic and microscopic image of pure culture, strain 2 (H2) 

 

Hydrogen Sulfide Biodegradation: 

 Biodesulfurization experiments were conducted by the pure strain. In this process, hydrogen sulfide was 

consumed as an inorganic sulfur substrate. Several process variables such as temperature, initial pH and 

substrate concentration were investigated. The amount of cell dry weight along with produced elemental sulfur 

and utilized hydrogen sulfide in gas phase were monitored. 

 Effect of temperature on H2S removal under anaerobic condition was depicted in Fig2. Based on the 

environmental condition of the screened organism, the isolated cultures were incubated at temperature range of 

24-40°C. In addition, it is worth to note that majority of chemolithotrophic sulfide oxidizer bacteria are 

mesophilic [20]. Each point of this Fig represents an individual incubation lasted for 72 h. Fig 2 demonstrates 

low cell densities for the species of bacteria obtained at low temperature. At this temperature the quantity of H2S 

consumption and sulfur production were also low. At low temperature such behavior is expected due to low 

metabolic activity and its enzyme activities were drastically decreased [3]. The high amount of H2S 

consumption was consistently observed at 36°C. However, the removal efficiencies dropped at any temperature 

greater than 36°C. It was most probably attributed to the sensitivity of the microorganism to high temperature. 
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Fig 2: Effect of temperature on cell concentration, sulfur production and H2S utilization. 

 

 
 

Fig. 3: Effect of pH on cell concentration, sulfur production and H2S utilization. 

 

 The variation of initial medium pH value was monitored. One should note that the optimum pH may vary 

among the screened species. The pH plays major role on the growth of sulfur oxidizing bacteria. In fact, 

utilization of substrate by the microorganism in the media is mainly related to medium pH [20]. Generally, 

change in 1 pH units above or below the optimal pH has not dramatically effected on growth [3]. The optimum 

pH for strain 1 and strain 2 were 6.5 and 6, respectively. It can be concluded from Figs 2 and 3 that the strain 1 

was able to utilize more hydrogen sulfide than strain 2. Based on previous and present results pure culture 

showed high ability for consumption of H2S in compare to mixed culture [12].. Consequently the following 

experiments were performed using strain 1. Generally, for the removal of COD in waste water treatment mixed 

culture is more efficient than pure culture; while for eliminating single component such as H2S, pure culture 

served better than mixed culture.  

 Fig 4 presents cell concentration and elemental sulfur production, along with H2S and CO2 consumption 

with respect to time. A 50 mL Culture media was sterilized in a serum bottle total volume of 125 mL. In order to 

investigate consumption of H2S and CO2 by the microorganism, gas mixture was circulated in the media under 

sterilized condition and mixing for 5 min. The inoculation was carried out after the medium reached to 

saturation point. The conducted experiments with initial concentration of H2S and CO2 in gas phase were 30.2 

and 68 mg/L, respectively. After a delay of 8 h, the cell concentration had exponentially increased, at 60 h of 

incubation it has reached to 1.3 g/L during 60 h. The H2S consumption in gas phase reached to 21.4 mg/L to the 

end of stationary phase (72 h). As can be observed, the first round of isolated species slightly utilized CO2. 

These results may be due to the mixotrophic behavior of the isolated strain 1. This means that strain 1 is most 

probably a facultative chemolithotrophic sulfide oxidizer bacterium. It can grow either on CO2 and on an 

inorganic energy source or complex organic compounds as carbon and energy sources, or mixotrophically 

simultaneously use both pathways [6,20]. It is the most economical process if H2S is removed from gas stream 

and convert it to elemental sulfur at low temperature and pressure. Fig 4 depicts that strain 1 has a great 

potential to convert H2S to elemental sulfur. On the basis of obtained data at the end of the batch 

biodesulfurization the concentration of produced elemental sulfur was 5.6 mg/L. 
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Fig. 4: Variation of cell dry weight, elemental sulfur, CO2 and H2S versus time. 

 

Mathematical Models: 

 Mathematical models consideration is a fundamental part of each comprehensive investigation of biological 

processes. Kinetic studies provide a strategy for the progress of data analysis and solving problems encountered 

in industrial utilization. A useful analytical kinetic model should include temporal variations of biomass, 

products and limiting substrate [22]. 

 

Growth Kinetics: 

 The unstructured model is a practical relation which demonstrates the cell as an entity in the solution. 

Malthus equation is an appropriate rate model which describes exponential cell growth. This model relates the 

cell growth to cell density and predicts unlimited growth with respect to time; the relation is stated as follow 

[17]: 
dX

.X
dt

         (2) 

 where X is the cell dry weight (g.L
-1

), μ is the specific growth rate (h
-1

) and t is the incubation time (h). In 

order to project microbial growth, Logistic equation can estimate lag, logarithmic growth and stationary phases 

[17]. However, Logistic equation cannot describe the death phase. In batch cell cultivation the population 

changes only by the birth and death of cells. In another word, the growth or decline of cells was tracked in terms 

of its birth rate and death rate. In fact, an inclusive model is required to accommodate these phases of growth. 

To explain the above issues in a mathematical model, the growth and decline of cells are distinctly considered: 

1
1.

dX
X

dt
         (3) 

2
2.    

dX
k X

dt
         (4) 

 X1 and X2 are growth and decline cells in g.L
-1

, respectively. k is decline or proportionality constant in (h
-1

). 

The growth rate equation can be introduced by the second order cell population inhibition by the following 

equation [23]: 

1 2 
max

max 

 (1- )
X X

X
          (5) 

 Substitute Eqs. (5) and (4) into Eq. (3) gives a first order differential equation in terms of X1 and t.; by 

integrating this expression and solving it for the initial value, the modified correlation was obtained which 

predicts all phases of batch cultivation. 
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m
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             (6)

 

 Cell dry weight as an indicator for microbial cells growth was monitored. The variation of mixed gas 

pressure was used to evaluate the effect of H2S concentration on cell growth. It is obvious that the dissolved H2S 

concentration in the culture media for high pressure would be higher than low pressure. High dissolved H2S may 

result in an inhibitory effect on bacterial growth. Fig 5 presents the cell growth at mixed gas pressure of 1, 1.2 

and 1.4 atm. Also, the cell concentration profiles based on Eq. (6) was fairly fitted with the experimental data 

and the data are illustrated in this Fig. It can be concluded that the cell growth rate was slightly affected by the 

gas pressure. The obtained parameters for the cell concentration based on Eq. (6) are summarized in Table 1. 

Unlike to constant k, the maximum specific growth rate decreased by increasing gas pressure. It means that, 
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high concentration of H2S may cause a long duration of growth phase; in overall there were no significant 

differences in removal sulfur. 

 
Table 1: Cell growth and Kinetic parameters for Leudeking-pirert, Modified Leudeking-pirert models. 

Mixed Gas Total Pressure (atm) Parameters Eq. (5)  

xm (g.L-1) k (h-1) m (h-1) %R2 

1 1.3 0.04001 0.05681 96 

1.2 1.38 0.04116 0.05359 98 

1.4 1.4 0.04227 0.05150 98 

  

Leudeking-pirert M N %R2 

0.00382 3.8 × 10-5 91 

Modified Leudeking-pirert A B %R2 

0.01287 3.7 × 10-4 99 

 

 
 

Fig. 5: Simulated cell concentration with experimental data at various mixed gas pressure. 

 

 The type of model that describes product formation in the basis of cell population is parallel to cell growth 

pattern; this means H2S removal is a growth related process. This product formation kinetics is also called 

growth associated. On the other hand, in many biological process production rate is proportional to cell 

concentration rather than growth rate. In contrast to the fact, the production kinetics may be non-growth 

associated. Leudeking-pirert kinetics combined the growth and non-growth associated parts as is stated in the 

following equation: 

dp dX
m n X

dt dt
            (7) 

 where m and n are growth associated and non-growth associated constants, respectively. The values of m 

and n are empirical constants that may vary with process variables (Gilani, et al. 2011). In corporating Eq. (6) 

into Eq. (7) and then integrate Eq. (7) with initial condition at t=0, P=P0, by simple algebraic manipulation 

yields: 
2

02
0

( ) 0 ( ) 0 2
0

( )

0

( ) ( ) ln( )

m
kt

m
t t kt

m m
tkt

X
X

X eX
P P m X X n

X e X
X

X e





   



                                                             (8) 

 This is a kinetic expression for product formation which is resulted in energy-yielding metabolism in 

anaerobic fermentations. The first and second terms of Eq. (7) are identified as energy used for both growth and 

maintenance. In fact Eq. (8) the parameter k as declining or promotion constant was added by Eq. (6) to these 

two terms. Based on Eq. (8), Fig 6(a) presents simulation of sulfur production rate. In order to define constants 

in Eq. (8), the equation was illustrated in a 3-dimensional graph. Since the H2S concentration did not exert a 

significant effect on cell population, temporal produced sulfur and utilized H2S was investigated at 1 atm gas 

pressure. The coefficient n, non-growth associated constant, was determined by the stationary phase data. Eq. 

(8) fitted with experimental data and the defined parameters were reported in Table 1. Similar to product 

formation rate, the substrate consumption rate was defined by two terms known as growth and non-growth 

associated parts. Modified Luedeking-piret equation is expressed as a model that can predict substrate utilization 

which is given by the following expression [8]: 
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dS dX
a b X

dt dt
              (9) 

In the same manor, with initial condition at t = 0, S = S0 , the following equation was obtained: 
2

02
0

( ) 0 ( ) 0 2
0

( )

0

( ) ( ) ln( )

m
kt

m
t t kt

m m
tkt

X
X

X eX
S S a X X b

X e X
X

X e





   



 (10) 

 Fig 6 (b) depicts the simulation of H2S consumption and cell dry weight versus time. The constant b similar 

to constant n can be calculated from the stationary phase data. Results revealed that Eq. (10) well fitted to 

experimental data. The values of a and b were reported in Table 1. As can be observed from Table1, the values 

of a and m are higher than b and n. These calculated values lead us to conclude H2S consumption mainly 

depends on the rate of cell growth. Therefore, the rate of H2S consumption was higher in exponential phase than 

in stationary phase. The batch experiments lead our continuous experiments to regulate media dilution rate and 

operate large scale bioreactor with viable organisms at exponential growth phase.  

 

 
 

Fig. 6(a): Simulation of sulfur production, (b) Simulation of H2S consumption and cell dry weight versus time 

 

Conclusion: 

 Biodesulfurization of sour gas under anaerobic condition was successfully performed by isolated microbial 

strains from hot spring. Batch cultivations were carried out using pure strains at optimum temperature 36˚C, pH 

of 6.5 and total mixed gas pressure of 1 atm. The obtained data demonstrated that the growth of these bacteria 

was strictly affected by the reactor temperature than the media pH. In addition, variation of total mixed gas 

pressure in the range of 1 to 1.4 atm did not exert significant inhibition on biodesulfurization process. The 

highest amount of utilized H2S and produced elemental sulfur were 21.4 and 5.6mg/L, respectively. The kinetic 

models were developed to predict not only a microbial growth rate but also a death phase rate. The second order 

inhibition model was proposed to describe the cell population growth. The kinetic parameters of cell growth 

(m, k), Luedeking-piret (m, n) and Modified Luedeking-piret equations (a, b) were determined. The results 
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revealed that the biodesulfurization process by the isolated strain was more growth related than non-growth 

associated processes. 
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Nomenclature 

A [g hydrogen sulfide.(g cells)-1] Growth-associated constant in substrate consumption rate 

B [g hydrogen sulfide .(g cells. h)-1] Non-growth-associated constant in substrate consumption rate 

CDW [g.L-1] Cell dry weight 

m [g sulfur.(g cells)-1] Growth-associated constant in product formation rate 

n [g sulfur.(g cells. h)-1] Non-growth-associated constant in product formation rate 

P [g.L-1] Concentration of sulfur 

P0 [g.L-1] Initial concentration of sulfur 

S [g.L-1] Concentration of substrate (hydrogen sulfide) 

S0 [g.L-1] Initial concentration of substrate (hydrogen sulfide) 

t [h] Time 

T [ ] Temperature 

 [g.L-1] Temporary biomass concentration 

X0 [g.L-1] Initial biomass concentration 

Xmax [g.L-1] Maximum biomass concentration at stationary phase 

X1 [g.L-1] Growing cells concentration 

X2 [g.L-1] Declining cells concentration 

K [h-1] Decline or promotion constant 

Greek symbols 

 [h-1] Specific growth rate 

 [h-1] Maximum specific growth rate 
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