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ABSTRACT 

 

 
Background and Objectives: Bioremediation is a process to reduce toxic heavy-metals, such as arsenic, in the environment 

using microorganisms. This study aimed to isolate arsenic remediating microbial strains from garbage leachates and to eval- 

uate the effects of several factors on bioremediation by isolated strains. 

Materials and Methods: After isolating arsenic-resistant bacteria from garbage leachates and determining their MIC values, 

Taguchi design of experiments was used to evaluate the effect of arsenic concentration, pH solution, temperature, and contact 

time on arsenic bioremediation by isolated bacteria. 

Results: The results revealed that 3 arsenic-resistant strains of genus Bacillus characterized as KL1, KL4, and KL6 had 

arsenic bioremediation activity. Based on the results, the highest bioremediation of arsenic by Bacillus sp. KL1 was obtained 

as 77% after 24 hours at 40°C, pH 5, and 150 ppm concentration. However, the maximum bioremediation of arsenic by KL4 

(91.66%) and KL6 (88%) was achieved after 24 hours at 40°C, pH 5, and 60 ppm concentration and at 35°C, 90 ppm con- 

centration, pH 5 after 36 hours, respectively. 

Conclusion: The results presented here may facilitate improvements in the eliminating arsenic from contaminated sites and 

reducing environmental pollutions. 
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INTRODUCTION 

 
Arsenic (As) is a toxic metalloid released into the 

environment either by natural phenomena (weather- 

ing, volcanic activity) or by anthropogenic activities 

such as mining, smelting, and combustion of fossil 

fuels (1, 2). Several oxidation states of arsenic in- 

clude+5 (arsenate), +3 (arsenite), 0 (elemental arse- 

nic), and −3 (arsine), which are found in the nature. 

However, the most common environmental oxidation 

states of arsenic are the pentavalent As (V) and triva- 

lent As (III) forms. As (III) is more toxic than others 

(3, 4). 

Chronic arsenic poisoning in the general popula- 

tion has been widely reported in many regions of the 

world (4). Thus, elevated arsenic levels have been 

reported in soils and ground water worldwide. In 

drinking water, the maximum arsenic concentration 

limit recommended by World Health Organization 

(WHO) is 0.01 mg/L (4, 5). High levels of arsenic 

in drinking water can affect human health and have 

immediate toxic effects on them (5). Many clinical 

presentations have been reported from chronic arse- 

nic toxicity, including skin lesions (eg, hyperkerato- 

sis, hyperpigmentation, desquamation and hair loss), 

cancer of various organs, such as skin, bladder, kid- 

ney, and lung, high blood pressure, diseases of the 

legs and feet, blood vessels, and reproductive disor- 

ders (6). 

Arsenic is generally toxic to life, however, some 

bacteria are resistant to arsenic and can use arsenic 

compounds as electron donors, electron acceptors, 

or possess arsenic detoxification mechanisms (2, 3). 

The most widespread resistance mechanisms detect- 

ed in bacteria are ars operons, which are either chro- 

mosomally or plasmid encoded. The most common 

types of these operons contain 5 (arsRDABC) or 3 

(arsRBC) genes (2). 

Development of effective tools and techniques to 

manage environmental pollutions is an interesting 

research field in biotechnology (7). Bioremediation 

is the process for reduction of environmental pollut- 

ants using microorganisms. Bioremediation of sever- 

al forms of arsenic by microbial community involves 

oxidation, reduction, and methylation and intracellu- 

lar bioaccumulation of these compounds (8, 9). 

Waste leachate production is one of the biggest 

problems in the world because liquid wastes contam- 

inate surrounding soil surfaces and ground water. 

Garbage leachate contaminated soils are good sourc- 

es to isolate such kind of bioremediation agents hav- 

ing potential to degrade the waste compounds (7). 

This study aimed to identify the bacteria in the 

municipal garbage leachates that have bioremedia- 

tion activity for arsenic and to evaluate optimization 

conditions using Taguchi method to have the highest 

bioremediation activity. 
 

 
 
MATERIALS AND METHODS 

 
Samples collection. A total of 50 samples of 

waste leachate were collected in labeled sterile bot- 

tles from the main municipal solid waste leachate 

contaminated site in Kermanshah province, Iran, and 

transferred to the laboratory. All samples were kept 

at 4oC for further experiments. 

 
Isolation of arsenic-resistant bacteria. Bacteria 

from the waste leachates were isolated using a serial 

dilution procedure and up to 10-5  dilutions were pre- 

pared. To isolate arsenic-resistant bacteria, 100 μL of 

each suspension was spread on arsenite-containing 

(0.4 mM) nutrient agar medium. The plates were in- 

cubated at 35oC for 72 hours, then, the presence of 

bacterial colonies on plates was investigated (10). 

To purify arsenic-resistant bacteria, single emerged 

colony on plates were picked up and streaked on ar- 

senite-containing (0.4 mM) nutrient agar media. 

Finally, automated 16SrDNA gene sequencing and 

biochemical tests (oxidase, catalase, urease, indole 

production, nitrate reduction, MR, VP, citrate utili- 

zation) were used to characterize the bacteria which 

were grown on the arsenic-containing media. Gene 

sequencing and biochemical analysis were per- 

formed at Iranian Biological Resource Center. 

 
Detection of the minimum inhibitory concen- 

tration of arsenic. The minimum inhibitory concen- 

tration (MIC) was assessed using a preparation of se- 

rial dilutions of arsenic (25, 50, 75, 100, 125, 150, 175, 

200, 225, 250, 275, 300 ppm). Also, 100 microliters 

of each dilution of arsenic was added to the surface 

of a nutrient agar plate. The bacterial suspension was 

prepared and adjusted spectrophotometrically at 625 

nm (OD625) to match a turbidity of 1.5 × 108  CFU/ 

mL (equivalent to 0.5 McFarland standards). Then, 

20 μL of 0.5 McFarl and of arsenic-resistant bacterial 

suspension was streaked on the surface of the agar 

plates. These plates were then incubated at 35°C for 7



MOJTABA TARAN ET AL. 

62 IRAN. J. MICROBIOL. Volume 11 Number 1 (February 2019) 60-66 http://ijm.tums.ac.ir 

 
 
 

 
 
 

 

days (7, 11). The plates were assessed daily for bacte- 

rial growth against control to ensure reliable results. 

Moreover, 3 different colonies of bacterial isolates 

with highest MIC were selected and identified by the 

Iranian Biological Resource Center, according to 16S 

rDNA gene analysis. 

 
Design of experiments (DOEs). Experiments 

were designed by Taguchi statistical method to eval- 

uate the effects of arsenic concentration, pH, tem- 

perature, and contact time on bacterial bioremedia- 

tion of arsenic (Table 1). 

 
Bioremediation of arsenic according to DOEs. 

A single colony of bacteria with the highest MIC was 

cultured in 100 mL nutrient broth and incubated at 

37ºC and 120 rpm. The arsenic working solutions 

were prepared according to DOEs. Then, 5 mL of 

each arsenic stock solution was mixed with 5 mL 

of bacterial suspension to prepare working concen- 

trations designed by Taguchi method. Then, the pH 

of suspensions was adjusted with sodium hydroxide 

or hydrochloric acid (0.1 M) according to DOEs. 

All samples were incubated at certain temperatures 

and  times  for  each  experiment.  After  incubation, 

the samples were centrifuged at 12000 rpm for 5 

minutets and supernatants were collected. Atomic 

absorption spectrophotometry (GBC-q02) was used 

to measure arsenic concentrations in these solutions 

(7). The experiments were performed in triplicate to 

ensure their reproducibility. 

 
Statistical Analysis. The data obtained from Tagu- 

chi experiments was analyzed using the fixed-effects 

model of analysis of variance (ANOVA) in Qualitek-4 

software (V. 14.5, Nutek Inc., MI, USA). 
 

 
 

Table 1. Factors and their levels utilized in the Taguchi 

DOEs to evaluate bioremediation of arsenic 

RESULTS 

 
Isolation of arsenic-resistant bacteria lcolonies. 

Different colonies were grown on the nutrient agar 

plates supplemented with 0.4 mM arsenite. Sev- 

eralcolonies were selected and purified for further 

studies to check their resistance to arsenic. Three 

bacterial species were isolated as arsenic-resistant 

strains based on the biochemical and 16S rDNA gene 

analysis. The bacteria belonged to genus Bacillus 

and were characterized as Bacillus sp. KL1, KL4 and 

KL6 (Table 2). 

 
Determining arsenic MIC. The MIC of arsenic 

was determined for these species. Based on MIC val- 

ues, the maximum arsenic tolerance for KL1 was ob- 

tained to be 225 μg/mL and 90 μg/mL for both KL4 

and KL6 species. 

 
Different levels inarsenic bioremediation. The 

results of the Taguchi optimization method showed 

9 orthogonal arrays of experiments. These results 

indicated that the highest bioremediation of arsenic 

by Bacillus sp. KL1 (77%) was obtained at 4th run 

(40oC, 150 ppm, pH 5 and 24 h). However, the highest 

bioremediation of arsenic by KL4 (91.66%) and KL6 

(88%) was at 4th  (40oC, 60 ppm, pH 5 and 24 h) and 

7th  (35oC, 90 ppm, pH 5 and 36 h) runs, respectively 

(Table 3). 

 
The rate of arsenic bioremediation by the 3 strains 

of Bacillus was measured at several levels of different 

factors (time, pH, concentration, and temperature). 

Maximum bioremediation of arsenic by Bacillus 

sp. KL1 (62.62, 75.25, 57.47 and 62.74 %) was ob- 

served with different parameters at levels 1 (12 h; 

pH 5), level 3 (225 ppm), and at level 1 (35oC). In 

Bacillus sp. KL4, maximum arsenic bioremediation 

(87.62, 89.80, 88.95, 87.66%) was obtained at levels 1 

(12 h; pH 5), 2 (60 ppm) and 1 (30oC). However, max-

                                                                                             imum bioremediation by Bacillus sp. KL6 (78.22,

Factor Level 1 Level 2 Level 3 84.37, 76.33 and 79.92%) was observed at levels 1 (12
 

Time (h) 12 24             36                  h; pH 5), 3 (90 ppm) and 2 (35oC) (Table 4). 

pH 5 7 9 The effects of interacting factor pairs on the ar- 

Temperature (ºC) 30 35 40 senic   bioremediation   activity   demonstrated   that 

Concentration (ppm)a
 30 60 90 the  interactions  of  concentration  and  temperature 

Concentration (ppm)b
 75 150 225 (77.06), concentration and time (54.43), and concen- 

    tration and pH (56.14) were the most effective pair 
aConcentrations used for KL4 and KL6 strains 
bConcentrations used for KL1 strain 

on arsenic bioremediation of Bacillus sp. KL1, KL4, 

and KL6, respectively (Table 5). On the other hand,
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Experiment No Time (h)        pH          Concentration (ppm)     Temperature (oC)         Biore 

1 12 5 75 30 75.77 

2 12 7 150 35 73.11 

3 12 9 225 40 39 

4 24 5 150 40 77 

5 24 7 225 30 60.44 

6 24 9 75 35 42.11 

7 36 5 225 35 73 

8 36 7 75 40 40 

9 36 9 150 30 22 

 

 

Table 2. Biochemical charaterization of isolated bacteria 

 
Bacterial isolate Oxidase Catalase Nitrate Urease Citrate Methyl Voges- Indole

 reduction test utilization     Red          Prauskauer  

Bacillus sp. KL1 

Bacillus sp. KL4 

Bacillus sp. KL6 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

 

 
Table 3. Taguchi DOEs and corresponding bioremediation of arsenic by Bacillus sp. KL1 

 
mediation rate (%) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 4. The effects of different levels of factors on arsenic bioremediation by Bacillus sp. KL1, KL4 and KL6 

 
Factors Level 1 (%)                              Level 2 (%)                              Level 3 (%)

 

  

KL1      KL4      KL6 
 

KL1      KL4      KL6 
 

KL1      KL4      KL6 

Time (h) 62.62     87.62     78.22 59.85     87.58     74.40 45          86.13     70.33 

pH 75.25     89.80     84.37 57.85     86.61     70.84 34.36     84.92     67.73 

Concentration (ppm) 52.62     86.24     71.11 57.36     88.95     75.51 57.47     86.14     76.33 

Temperature (oC) 52.73     87.66     72.37 62.74     87.02     79.92 52          86.65     70.66 

 

 

it was indicated that interacting factor pair time and 

pH (12.63) has the minimum effect on the bioremedi- 

ation activity of KL1 strain, whereas, time and tem- 

perature showed the minimum effect on the arsenic 

bioremediation by KL4 and KL6 strains (7.18 and 

1.39 respectively). 

The ANOVA results indicated that pH parameter 

with the maximum sum of squares (S), variance (V), 

and percentage influence in KL1 (2526.02, 1263.01, 

and 75.92, respectively), KL4 (36.955, 18.477 and 

63.57), and KL6 (469.018, 234.509 and 62.1) strains 

is the most influential factor on arsenic bioremedia- 

tion (Table 6). 

It was found that the concentration parameter 

hadthe lowest effect on arsenic bioremediation by 

KL1 (1.38) and KL6 (6.271) strains, but time had the 

 

lowest effect on bioremediationin KL4 strain (2.69). 
 

 
 
DISCUSSION 

 
Nowadays, the use of microorganisms in biologi- 

cal removal of toxic compounds, such as arsenic, is 

potentially important (4). The first step in identifying 

bacteria with the ability of bioremediation is sepa- 

ration of resistant bacteria to high concentrations of 

heavy metals (12). There are many arsenic-resistant 

bacteria isolated from arsenic-rich environments. 

Ghodsi, in southwest of Isfahan, Iran, isolated 3 ar- 

senic-resistant bacteria related to Bacillus and Co- 

rynebacterium  genus,  whose  maximum  MIC  was 

128  mM/l  (12).  Sivakumar  Selvi,  in  Tamilnadu,
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Table 5. Estimating the effects of intracting factors pairs on arsenic bioremediation by Bacillus sp. KL1, KL4 and KL6 
 

 

 Bacillus sp. KL1  

Intracting factor pairs Levels Contribution (%) 

Time × Temperature 12 h × 35°C 14.24 

pH × Temperature 5 × 35°C 14.03 

pH × Concentration 5 × 225 ppm 28.98 

Time × pH 12 h × 5 12.63 

Concentration × Temperature 225 ppm × 35°C 77.06 

Time × Concentration 12 h × 225 ppm 34.13 

 Bacillus sp. KL4  

Intracting factor pairs Levels Contribution (%) 

Time × Temperature 12 h × 30°C 7.18 

pH × Temperature 5 × 30°C 29.04 

pH × Concentration 5 × 60 ppm 19.05 

Time × pH 12 h × 5 25.32 

Concentration × Temperature 60 ppm × 30°C 52.93 

Time × Concentration 12 h × 60 ppm 54.43 

 Bacillus sp. KL6  

Intracting factor pairs Levels Contribution (%) 

Time × Temperature 12 h × 35°C 1.39 

pH × Temperature 5 × 35°C 10.01 

pH × Concentration 5 × 90 ppm 56.14 

Time × pH 12 h × 5 16.85 

Concentration × Temperature 90 ppm × 35°C 23.82 

Time × Concentration 12 h × 90 ppm 40.46 

 
 

Table 6. ANOVA test for Taguchi results 

 
Factor DOF (f)           Sum of Sqrs (S) Variance Pure sum (S') Percent (%) 

 KL1 KL4 KL6  KL1       KL4     KL6 KL1       KL4     KL6 KL1       KL4    KL6 KL1    KL4     KL6 

Time (h) 2                 538.93   4.349   93.335 269.46   2.174   46.667 538.93   4.349   93.335 16.19  7.48     12.356 

pH 2                 2526.02 36.955 469.018 1263.01 18.477 234.509 2526.02 36.955 469.018 75.92  63.567 62.091 

Concentration (ppm) 2 46.066   12.266 47.371 23.033 7.633   23.685 46.066   12.266 47.371 1.38 26.26   6.271 

Temperature (°C) 2 215.95   1.564   145.638 107.97 0.782   72.819 215.95   1.564   145.638 4.69 2.69     19.28 

 

 

South  India,  isolated  2  arsenic-resistant  bacteria 

from agricultural soils that belonged to the genera 

Enterobacter asburiae and Enterobacter cloacae. 

The MICs of both isolates were 40 mM and 400 

mM for sodium arsenite and sodium arsenate (11). 

In this study, 3 bacterial strains of genus Bacillus 

were isolated from garbage leachates that grew in 

the presence of elevated arsenic concentrations. The 

finding of the present study revealed that arsenic-re- 

sistant bacteria displayed high levels of resistance to 

feasible bioremediation strategies. Among isolated 

strains, Bacillus sp. KL1, with the highest level of 

 

tolerance to toxic effects of arsenic (MIC=225 μg/ 

mL), can be primarily considered as an appropriate 

candidate to resolve arsenic environmental pollution. 

However, the bioremediation activity of bacteria is 

greatly affected by several factors (concentration of 

toxic compounds, pH, contact time, temperature) and 

optimization of the conditions could result in high 

biosorption and bioremediation of heavy metals (4). 

Taguchi designs prepare a potent and impressive 

method to design processes that operate constant- 

ly and optimally over a variety of conditions (13). 

However, in the present study, Taguchi optimization
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method was used to determine optimized conditions 

for bioremediation of arsenic by isolated strains. The 

results of the Taguchi optimization method repre- 

sented 9 orthogonal arrays of testing (Table 4); the 

optimum conditions for the highest bioremediation 

by Bacillus sp. KL1, KL4 were achieved at the 4th run 

and at the 7th  run for KL6 strain. 

In the present study, the effects of parameters, in- 

cluding contact time, solution pH, arsenic concen- 

tration, and temperature, were assessed on bioreme- 

diation activity of Bacillus sp. KL1, KL4 and KL6. 

Contact time is an important parameter to achieve 

the maximum biosorption (14). The results of this 

study indicated that the highest uptake of arsenic by 

Bacillus sp. KL1, KL4 and KL6 takes a shorter time 

(12 h) and metal biosorption reduces with increasing 

contact time. This is perhaps due to the induction of 

metal exudation into solution by bacteria (15). 

The present finding also supports previous studies 

on other bacteria (10, 16-18), which concluded that 

efficient bioremediation of arsenic occurs in the solu- 

tion pH, range 5-7. This study indicated that pH 5 is 

optimum for the maximum biosorption of arsenic by 

3 isolated Bacillus strains. Among the plausible ex- 

planation for this result is that metal biosorption de- 

pends on the protonation or deprotonation of the cell 

wall functional groups (19). At low pH, by creating 

a positive charge on the metal binding site due to the 

high concentration of proton, metal cations and pro- 

tons compete for binding sites, which results in lower 

uptake of metal (19). On the other hand, at values of 

pH higher than the optimum, formation of hydrox- 

ylated complexes of the metal cations will compete 

with binding site, resulting in decreasing metal bio- 

sorption (19-21). However, maximum biosorption of 

metal cations has been reported in weak acidic and 

neutral pH due to a more negative charge of the bac- 

terial cell surface (10, 16-18). 

The results obtained from this study revealed that 

optimum temperature for biosorption by the isolated 

strain ranged 30oC-35oC, as the growth of the select- 

ed strain increases in this temperature range. Con- 

sistent with findings by Sari et al. (14), it was found 

that the bioremediation activity of all 3 strains was 

reduced at high temperature (40oC), as the raising 

temperature destroys the surface metal binding site 

in the bacterial cell wall (7). 

The effect of initial arsenic concentration on the 

biosorption capacity of Bacillus sp. KL1, KL4, and 

KL6 was studied under optimum conditions. The 

results provided evidence that the maximum per- 

centage removal of arsenic by Bacillus sp. KL1 was 

observed when the initial arsenic concentration var- 

ied from 30 ppm to 60 ppm (88.95%), but the arsenic 

biosorption decreased with increasing initial concen- 

tration to 90 ppm. These results may be described by 

an increase in the number of metal ions and the lack 

of free binding sites on the biosorbent cell wall at 

higher concentration levels. Never the less, at a low 

concentration, there are numerous free binding sites 

on the bacterial surface and, hence, metal biosorp- 

tion is highly effective. 

In 2 strains, KL1 and KL6, the biosorption of ar- 

senic increased with raising the initial concentration 

of metal ions. It is likely that the number of available 

metal uptake sites on these bacterial surfaces is more 

than KL1 strain. Therefore, reduction of the metal 

uptake may occur at the concentrations higher than 

this experiment. 

The results revealed that the effect of one factor 

on arsenic bioremediation activity is dependent on 

its interaction with other factors. Arsenic concentra- 

tion at the optimum level shows relatively less effect 

than other factors on arsenic bioremediation activity 

of the studied strains, but the maximum bioremedia- 

tion activity of KL1, KL4, and KL6 was achieved in 

its interaction with the optimal level of temperature, 

time and pH, respectively. 

The present study was designed to isolate several 

bacteria with arsenic biosorption activity from gar- 

bage leachates and determine the effect of different 

factors on arsenic bioremediation of these bacteria. 

One of the significant findings of this study was that 

3 strains of the genus Bacillus were isolated from 

garbage leachates with high resistance to arsenic 

which can be considered for biosorption. It was also 

shown that Taguchi optimization approach is an ef- 

fective tool for modeling and analyzing influential 

factors for the maximum arsenic bioremediation by 

these strains. The second major finding was that the 

optimum bioremediation of arsenic was influenced 

by 4 main factors: contact time, arsenic concentra- 

tion, solution pH, and temperature. 

The results of this investigation showed that despite 

the high resistance of KL1 strain to arsenic, the high- 

est biosorption was obtained by KL4 strain (91.66%) 

and then by KL6 strain (88%) in optimum condi- 

tions. In general, the most important results of this 

study was the effectiveness of 3 Bacillus sp. KL1, 

KL4, and KL6 for bioremediation of arsenic, and it
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looks promising that these microorganisms may be 

applied to treat environmental pollutions. 
 
 
 
 

REFERENCES 

 
1.   Bahar MM, Megharaj M, Naidu R. Arsenic bioremedi- 

ation potential of a new arsenite-oxidizing bacterium 

Stenotrophomonas sp. MM-7 isolated from soil. Bio- 

degradation 2012;23:803-812. 

2.   Bachate S, Cavalca L, Andreoni V. Arsenic-resistant 

bacteria isolated from agricultural soils of Bangladesh 

and characterization of arsenate-reducing strains. J 

Appl Microbiol 2009;107:145-156. 

3.   Pepi M, Volterrani M, Renzi M, Marvasi M, Gasperini 

S, Franchi E, et al. Arsenic-resistant bacteria isolated 

from contaminated sediments of the Orbetello Lagoon, 

Italy,  and  their  characterization.  J  Appl  Microbiol 

2007;103:2299-2308. 

4.   Taran M, Safari M, Monaza A, Reza JZ, Bakhtiyari S. 

Optimal conditions for the biological removal of arse- 

nic by a novel halophilic archaea in different conditions 

and its process optimization. Pol J Chem Technol 2013; 

15:7-9. 

5.   Wang S, Zhao X. On the potential of biological treat- 

ment for arsenic contaminated soils and groundwater. J 

Environ Manage 2009;90:2367-2376. 

6.   Duker AA, Carranza E, Hale M. Arsenic geochemistry 

and health. Environ Int 2005;31:631-641. 

7.   Taran M, Sisakhtnezhad S, Azin T. Biological removal 

of nickel (II) by Bacillus sp. KL1 in different condi- 

tions: optimization by Taguchi statistical approach. Pol 

J Chem Technol 2015;17:29-32. 

8.   Satyapal GK, Rani S, Kumar M, Kumar N. Potential 

role of arsenic-resistant bacteria in bioremediation: 

current status and future prospects. J Microb Biochem 

Technol 2016; 256-258. 

9.   Ebele B. Mechanisms of arsenic toxicity and carcino- 

genesis. Afr J Biochem Res 2009;3:232-237. 

10. Nanda M, Sharma D, Kumar A. Removal of heavy met- 

als from industrial effluent using bacteria. Int J Envi- 

ron Sci 2011;2:781-787. 

11. Selvi MS, Sasikumar S, Gomathi S, Rajkumar P, Sasi- 

kumar P, Govindan S. Isolation and characterization 

of arsenic-resistant bacteria from agricultural soil, and 

their potential for arsenic bioremediation. Int J Agr 

Policy Res 2014;2:393-405. 

12. Ghodsi  H,  Hoodaji  M,  Tahmourespour  A,  Gheisari 

MM. Investigation of bioremediation of arsenic by bac- 

teria isolated from contaminated soil. AfrJ Microbiol 

Res 2011;5:5889-5895. 

13. Karna SK, Sahai R. An overview on Taguchi method. 

Int J Eng Math Sci 2012;1:1-7. 

14. Sarı A, Tuzen M. Kinetic and equilibrium studies of 

biosorption of Pb (II) and Cd (II) from aqueous solu- 

tion by macrofungus (Amanita rubescens) biomass. J 

Hazard Mater 2009;164:1004-1011. 

15. Shakibaie MR, Khosravan A, Frahmand A, Zareh S. 

Elimination of copper and zinc from industrial wastes 

by mutated bacteria. J Kerman Uni Med Sci 2009;16:13- 

24. 

16. Miyatake M, Hayashi S. Characteristics of arsenic re- 

moval from aqueous solution by Bacillus megaterium 

strain UM-123. J Environ Biotech 2009;9:123-129. 

17. Aryal  M,  Ziagova  M,  Liakopoulou-Kyriakides  M. 

Study  on  arsenic  biosorption  using  Fe  (III)-treat- 

ed biomass of Staphylococcus xylosus. Chem Eng J 

2010;162:178-185. 

18. Giri AK, Patel RK, Mahapatra SS, Mishra PC. Bio- 

sorption of arsenic (III) from aqueous solution by liv- 

ing cells of Bacillus cereus. Environ Sci Pollut Res Int 

2013; 20: 1281-1291. 

19. Ray L, Paul S, Bera D, Chattopadhyay P. Bioaccumula- 

tion of Pb (II) from aqueous solutions by Bacillus cere- 

us M1   . J Hazard Subst Res 2006;5:1-13. 

20. Gabr R, Hassan S, Shoreit A. Biosorption of lead and 

nickel by living and non-living cells of Pseudomonas 

aeruginosa ASU 6a. Int Biodeterior Biodegradation 

2008;62:195-203. 

21. Bhattacharyya KG, Sharma A. Adsorption of Pb (II) 

from aqueous solution by Azadirachta indica (Neem) 

leaf powder. J Hazard Mater 2004;113:97-109. 


