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ABSTRACT 

Recently due to strict environmental regulations, concentration of hazardous organic sulfur 
compounds from gas stream should be reduced. A new efficient method for removal of hydrogen 
sulfide from natural gas is required. Conventional methods for desulfurization are very costly and 
required solvent, high operation temperature, and pressure. In contrary, biological processes have 
great potential to eliminate hydrogen sulfide under mild conditions. Extensive research has been 
conducted on sulphur oxidizing bacteria for the removal of hydrogen sulfide. However, with 
present achievements is still not enough to satisfy the industrial requirements. To improve the 
biodesulfurization efficiency additional research required to isolate a particular strain organism. 
In this article the ability of newly isolated bacteria was discussed. For this purpose the mixed 
culture was isolated from native hot spring in the hill side of Damavand Mountain (in North of 
Iran). The isolated culture was inoculated on nutrient plate agar under anaerobic condition. After 
incubation for duration 72 h two distinct colonies white and yellow color were observed. Each 
species was separately grown in nutrient broth and then the optimal conditions were obtained. 
The desired conditions for white colony such as temperature, pH and agitation rate were 36˚C, 
6.5 and 180 rpm, respectively. All the above conditions for yellow colony were identical except 
for pH slightly reduced to 6. On the basis of optimal biodesulfurization conditions, maximum cell 
dry weight for the each isolated specie was achieved; approximately were 1.35 and 1.12 g.l-1 for 
white and yellow colony respectively. The removal of hydrogen sulfide from natural gas stream 
as the aim of present work was obtained. The percentage removals were 67 and 35% for white 
and yellow colony, respectively. 
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INTRODUCTION 

Nowadays, obtaining fossil fuel containing low sulfur concentration is one of global aims to reduction of 
environmental pollutions. H2S is one of the dangerous sulfur compounds which must be removed from 
fossil fuel prior to utilize [1, 2].. Combustion of H2S in fossil fuel makes sulfur-oxides (SOx) components. 
SOx emissions to the environment cause serious problems and hazards to human health [3, 4].. Besides of 
environmental concerns, H2S has toxic, malodorous, and corrosive properties which must be removed 
from natural gas streams[5] 
A number of industrial processes are common for elimination of H2S from sour gas. Some of these 
processes only remove the H2S, while others omit the H2S and subsequently convert it to the elemental 
sulfur; although, high capital costs and the need for special chemicals are disadvantages of these processes 
[5, 6].  
However, biological methods can be considered most economical at ambient conditions. In biological 
processes, microorganisms can act as biocatalyst. Various groups of bacteria can oxidize reduced sulfur 
compounds under aerobic or anaerobic conditions [7]. Simplicity and economy are advantages of the 
aerobic process. Whereas, side reaction and emission of foul air containing H2S are disadvantages of it. 
These difficulties will be resolved by using anaerobic treatment instead of an aerobic process [8, 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 [7, 10].  
In this article the ability of newly isolated bacteria was discussed. For this purpose the mixed culture was 
isolated from native hot spring in the hill side of Damavand Mountain (in North of Iran). The desired 
conditions for isolated bacteria such as temperature, pH and agitation rate were considered. Cell dry 
weight, removal of hydrogen sulfide and produced elemental sulfur for the each isolated specie were 
monitored.  

MATERIALS AND METHODS 

BACTERIA AND MEDIUM PREPARATION 

Bacteria residing in sulfur spring have great potential to degrade reduced sulfur compounds [11]. In this 
research, the mixed culture was sampled from the hot spring located in the hill side of the Damavand 
Mountain (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 vitamin solution and 1 mL of trace metals were added to the 
prepared synthetic medium [12]. 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 [13]. 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.  
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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 minute. 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. 

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 [13]. The amount of produced sulfur was measured by atomic 
adsorption spectrophotometer (Shimadzu AA-6300, Japan). All gas and liquid samples were taken in 
every 6 h. The gas analyses of samples were repeated twice and the obtained mean value was recorded. 

RESULTS AND DISCUSSION 

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 72 h. 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. Figure 1 shows three images of plates for two distinct organisms in morphological 
status of bacillus with magnification of 100 folds. As it is shown in Figure 1, photographic and 
microscopic observation shows that strain 1 has white color colony, notched edge and it is gram negative. 
The strain 2 by contrast, has yellow color colony and rounded; they are gram positive bacteria. 

(a) 
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(c) (b) 
Figure 1. Photograph of microorganism on plate agar. (a) Mixed culture, (b) pure culture, strain 1(H1), 

(c) 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 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 for the each isolated specie under anaerobic condition was depicted 
in Figure 2 (a) and (b) separately. 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 [14]. Each point of this Figure 
represents an individual incubation lasted for 72 h. Figure 2 (a) and (b) demonstrates low cell densities for 
the both 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 [15]. The high amount of H2S 
consumption for both species 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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Figure 2. Effect of temperature on cell concentration, sulfur production and H2S utilization 
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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 [14]. Generally, 
change in 1 pH units above or below the optimal pH has not dramatically effected on growth [15]. The 
optimum pH for strain 1 and strain 2 were 6.5 and 6, respectively. It can be concluded from Figures 3 (a) 
and (b) that the strain 1 was able to utilize more hydrogen sulfide than strain 2.  
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Figure 3. Effect of pH on cell concentration, sulfur production and H2S utilization. 

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