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ABSTRACT 

This study was designed to determine the efficiency of bioleaching of arsenic from realgar mineral using the isolate, 

Leptospirillum ferriphilum. The experiments were carried out in shaker flask, at fixed parameters 180 rpm, 0.2 % pulp density, 313 K 

at an initial pH of the media 1.5. The energy source, Fe2+ concentration was varied from 2−10 g/L. The effect of energy source on the 

kinetics of arsenic bioleaching was investigated. The maximum of 74.42% Arsenic was leached after 30 days when using optimum of 

6 g/L of Fe2+. The rate-controlling mechanism of arsenic bioleaching was examined based on shrinking core model (SCM). It 

explicated that ash layer diffusion step controls the rate of bioleaching.  
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1. INTRODUCTION 

 Arsenic is found in the natural environment n some abundance in the Earth’s crust and in some quantity in rock, salt, water, 

and air. It is present in more than 200 different minerals. Major quantity of arsenic is present in the ores such as realgar (As2S2), 

arsenopyrite (FeAsS), and orpiment (As2S3) (Pei Guo et al., 2011). Bioleaching is the process of extraction of metals from ores using 

iron-oxidizing or sulphur oxidizing bacteria (Dave et al., 2008; Mousavi et al., 2006). This method is used for leaching of arsenic 

because it is an eco-friendly and cost effective method (Anna et al., 2014). In the bioleaching, ferrous iron is oxidized to ferric iron as 

leaching agent. It can be described by Eq. (1&2) (Jinghong et al., 2007). 

2Fe2+ + 4H+ + O2    
L. ferriphilum

     4Fe3+ + 2H2O    (1) 

As2S2 + 2Fe3+                        2As3+ +2 S°+ 6Fe2+  (2) 

Till date, no work has been reported related to bioleaching of arsenic from realgar using L. ferriphilum (Jinghong et al., 

2007). The main objective of this work is to leach arsenic biologically from realgar using pure culture of L. ferriphilum. The 

efficiency of arsenic bioleaching is studied by varying the energy source supplied to the media. The efficacy was assessed by 

measuring parameters such as pH and redox potential. 

2. MATERIALS AND METHODS 

2.1. Realgar particles and bacteria: Realgar sample obtained from Lingshot mine (Zanskar, Kashmir, India) was crushed using jaw 

crusher. The ore was then grounded to size ranging from 100 to 1,200 µm using ball mill and used for bioleaching studies. X-ray 

Diffraction (XRD) analysis revealed that the ore sample contained 68.785% of realgar, 5.78% of tridymite 2H low, 2.61% of litharge, 

3.748% of quartz alpha, 12.30% of stishovite , and 7.223% of cristobalite beta high. The L. ferriphilum strain was isolated from mine 

drainage samples of Chitradurga mine province, Ingaldhal (Karnataka, India). The microbial population was cultured in 9K medium 

containing (NH4)2SO4 (3.0 g/L), KCl (0.1 g/L), MgSO4.7H2O (0.5 g/L), K2HPO4 (0.5 g/L), and Ca (NO3)2 (0.01 g/L). FeSO4.7H2O 

(44.2 g/L) was added as the energy source.  

2.2. Leaching experiment: Bioleaching experiments were carried out in 250 mL Erlenmeyer flask, each with 90 mL of the 9K 

medium and 10 mL of log phase cells of L. ferriphilum with initial pH of 1.5. This experiment was divided into five parts. In each part 

of the experiment, the concentration of Fe2+ which is used as energy source in the media is varied ranging from 2 -10 g/L. All the 

flasks were maintained at pH of 1.5, agitation speed 200 rpm, 0.2% (w/v) of realgar mineral concentration and temperature 313 K. For 

every 2 day interval, 5 mL of the sample from the media were centrifuged at 3000 rpm and the supernatant was extracted using 

Whatman filter paper and preserved at 277 K before determining the leached out arsenic. Concentration of arsenic in the solution was 

estimated by atomic absorption spectrometer (AA200 model; PerkinElmer). ηAs (%) which represents the bioleaching efficiency of 

arsenic was calculated using a the mathematical expression ƞAs% = (𝑁soln 𝑁T⁄ )  ×  100 , whereas where Nsoln is the arsenic 

concentration in aqueous phase at time t during bioleaching and NT the total arsenic concentration in the realgar concentrate. 

Thus, using SCM the analysis identification of rate controlling step was carried out. In SCM, the mathematical equations for 

ash layer diffusion control (ALDC) and chemical reaction control (CRCM) are 1+2(1  XAs)  3(1  XAs)2/3 = Kobt and 1  (1  XAs)1/3 

= kobt, where XAs is the fraction of arsenic leached in the aqueous phase and kob an observed kinetic constant (time1) applicable to the 

respective model. On the basis of the regression analysis from the charts 1+2(1XAs)3(1XAs)2/3 vs time and 1(1XAs)1/3 vs time, the 

rate-controlling step was identified. 

3. RESULTS AND DISCUSSION 

3.3. Effect of energy source on arsenic bioleaching and kinetics: Bioleaching efficiency of arsenic from the realgar ore by L. 

ferriphilum at different energy sources as a function of time is shown in Figure 1. After 30 days, the control experiment which was 

carried out in the absence of inoculum observed to leach 5.4 % of arsenic. Whereas, it was observed that at the end of the experiment, 

maximum leaching rates of arsenic were 67.19, 72.2, 74.42, 63.31 and 59.87 in the flasks containing 2, 4, 6, 8 and 10 g/L of Fe2+ 

concentration, respectively. Thus, it illustrates that leaching rate is closely correlated with oxidation of ferrous iron (Jinghong et al., 

2007). It is obvious that 6 g/L of Fe2+ is the optimum concentration of energy source that can be supplemented to the 9K media for 
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bioleaching using L. ferriphilum to achieve the maximum leaching efficiency. The kinetic models of ash layer diffusion control and 

chemical reaction control were verified to explain the rate-controlling mechanism with respect to SCM. The graphical results of SCM 

on bioleaching data is shown in figure 2a and 2b. From the results, it was clear that the bioleaching data fit better to ash layer 

diffusion-controlled SCM.  

 
Figure1. As bioleaching at different ferrous concentrations 

 
Figure.2. (a) Fitting of data to ALDC model, and (b) CRC model 
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