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ABSTRACT  

Microbial bioremediation of heavy metals have received tremendous attention due to their 
significant in purification of various kinds of wastewaters. Bacillus mojavensis C6 which was isolated 
from industrial wastewater exhibit significant effect on bio-removal process of Cr (VI). The Plackett–
Burman design was used to identify the effect of eight variables on bacterial resistance toward Cr 
(VI). Using central composite design, the optimum values of each variable for heavy metal resistance 
were as follows: pH 7.0, incubation temperature 30°C, agitation speed 100 rpm and incubation period 
24 h for Cr (VI) removal. The heavy metals resistant bacterial strain was used in removal of Cr (VI) 
from industrial wastewater sample. There are significant biosorption of Cr (VI) from the industrial 
waste water sample by Bacillus mojavensis C6 and the biosorbent can be regenerated and reused for 
further bioremediation of heavy metals-contaminated water. It can be concluded that Bacillus 
mojavensis C6 can be considered a potential biotechnological agent for the removal of Chromium 
ions from industrial effluents. 
 
Keywords: Bacillus mojavensis C6, Chromium, Plackett–Burman design, Central composite design, 

biosorption 

 
Introduction 

Fresh potable water resources are required in a cleaner form due to its vital values for life. 
Unquestionably, the world population growth, long-time droughts, as well as developing industries 
are considerable reasons for the scarcity of available water resources. Besides over-exploitation, the 
release of heavy metals like chromium, nickel, arsenic, copper, cadmium, zinc, lead, and mercury and 
their compounds into the aquatic environment through industrial effluents is a very serious 
environmental problem. This may be attributed to their toxic accumulation in organisms, non-
biodegradable nature and cause numerous diseases and disorders (Özer & Pirinҁҁi 2006; Azimi et al., 
2017). 

Several types of heavy metals are found in industries’s wastewater, particularly Cr (VI). 
Chronic exposure to high amount of the chromium metal may cause Allergic dermatitis, metabolic 
disorders, chronic asthma and pulmonary fibrosis to lung carcinoma (Khezami & Capart 2005; Borba 
et al., 2006). In the 20th century, different industrial activities were introduced along the Nile, Cairo 
and Alexandria, Egypt. Industrial wastewaters coming from factories that lack a way for discharging 
their wastes through environment-friendly techniques are the main source for toxic pollutants 
contaminating water (Abdel-Shafy & Aly 2002; Migahed et al., 2017). 
One of the potential challenges is the efficient removal of different heavy metals pollutants from 
industrial wastewaters. The process of industrial wastewater treatment can perform by 
physicochemical, electrochemical and biological processes. Physicochemical and electrochemical 
treatments are not preferable as a result of ineffective, extremely expensive and produce huge quantity 
of sludge which is difficultly sequestering. That’s why the application of new generation of biological 
agents is more desirable for biosorption of heavy metals from industrial wastewaters. The biosorption 
process utilizes various microorganisms like bacteria, yeast and filamentous fungi are widely used as 
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an effective and alternative heavy metal separation technology (Bai et al., 2012; Kinoshita et al., 
2013).  

Microbial biosorption of heavy metals is extensively applied over conventional treatment 
methods due to their higher capability of heavy metals removal even at low concentration solutions, 
low cost process, minimal quantity of sludge produced and easily regeneration of biosorbent (Volesky 
2007). Amino, hydroxyl, carboxyl, and phosphate groups on bacterial cell wall display a vast 
capability to bond with the heavy metal ions (Deng & Wang 2012). The efficiency of biosorption 
process could be affected by numerous factors such as nature of the biomass, biomass concentration, 
pH, temperature, initial metal concentration and its affinity to the biosorbent (Ahalya et al., 2003; 
Ahemad & Kibret 2013).  

The present work aims to screen and optimized the critical medium components by the 
identified bacterial isolate using 16S rRNA sequence through application of statistical design of 
experiment. The study also monitors the efficiency of such bacterial strain to remove heavy metals 
from real industrial effluents collected from Egyptian chemical factory. 
 
Materials and methods 
 
Samples collection  

Wastewater samples were collected and prepared as mentioned in (Migahed et al., 2017); these 
wastewater samples obtained from the industrial effluents discharge pipe of different cement as well 
as iron and steel factories in Egypt. In addition, the sediment samples near to the discharge pipes were 
collected in plastic bags and prepared as reported by Webster (2008). Furthermore, water and 
sediment samples were collected from canal water near to iron and steel factory Egypt. The collected 
samples were used as a source for isolation of the heavy metal removing bacteria.  
 
Bacterial species and heavy metals 

Bacterial isolate C6 used in the present study was preselected to be the efficient heavy metal 
resistant isolate as previously reported by Helmy et al. (2018). The bacterial isolate C6 was cultivated 
in the glucose agar medium consisted of 1% glucose, 0.3% beef extract, 0.5% peptone and the pH of 
the medium was adjusted to 7.0. Culture was incubated at 30 °C for 24 h. Slants were grown at 30 °C 
for 24 h and stored at 4°C.  

The heavy metal was products of Aldrich chemical Co, Milwaukee, USA. Stock metal solution 
(1000 mg/L) of K2Cr2O7 was prepared in distilled water. The metal solution used in this work was 
prepared from the stock solution and was sterilized by filtration using 0.2 μm pore-size Millipore 
sterile filters. All chemicals used in this study were of analytical grade. 
 
Molecular identification of the most potential bacterial isolate C6 using 16S rDNA gene 
sequences 
 

The bacterial genomic DNA was extracted from the isolates according to Yadav et al. (2009). 
In the reaction, universal bacterial primers fD1 (5`AGAGTTTGAT CCTGGCTCAG3`) and rD1 
(5`TAAGGAGGTGATCCAGGC3`) were used (Eden et al. 1991; James 2010). DNA amplifications 
were performed in DNA thermal cycler model (Techno, Barloworld scientific, Cambridge, UK) with 
a final volume of 50 µL. PCR steps were performed as follows: denaturation at 95 °C for 5 min, 40 
cycles of denaturation at 95 °C for 1 min, primer annealing at 56 °C for 1.15 min, DNA extension at 
72 °C for 1.15 min and a final 10 min extension at 72°C. Amplicons were separated on 1.2% (w/v) 
agarose gel electrophoresis, eluted and purified using the Qiaquick gel extraction kit (Qiagen, 
Germany) following the manufacturer’s protocol (Nimnoi et al. 2010). DNA sequencing was carried 
out by ABI 3730xl DNA sequencer (GATC Company). The 16S rDNA sequences of isolates were 
aligned and compared with nucleotide data bases retrieved from the GenBank daTableases using the 
gapped BLAST program that is available from the National Center for Biotechnology Information 
server (http://www.ncbi.nlm.nih.gov). Identification of bacteria to the species level was developed 
using the algorithm described in CLUSTAL Omega as a 16S rDNA sequence similarity of 99 %. The 
Neighbor joining method was used to draw a phylogenetic tree. 

http://www.ncbi.nlm.nih.gov/
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Screening of significant variables using Plackett–Burman design 
The first step in the screening strategy was performed using the Plackett and Burman 

statistical design to identify nutritional and physical factors that have a significant effect on heavy 
metal biosorption by the bacterial strain (Plackett & Burman, 1946). A 12-run Plackett–Burman 
design was developed to analyze the effect of 8 independent variables (whey concentration, beef 
extract concentration, metal concentration, pH, temperature, agitation speed, inoculums size and 
incubation period). Each variable was investigated at two different concentration levels (minimum 
and maximum levels); the minimum level is represented by the "-" sign, while the maximum value is 
denoted by the"+" sign (Table. 1). The generated matrixes as well as the performed trials for the 
selected heavy metals biosorbent bacterial strain are represented in Table 1. In addition, a dummy 
variable was included to evaluate the standard error of the experimental design. All experiments were 
performed in duplicate.  
The main effect of each variable was determined as described in the following equation: 

Exi = (ΣMi+ - ΣMi-) / N 
where, EXi is is the main variable effect, and Mi+ and Mi- represent the sum of the recorded results of 
metal biosorption in trials. The independent variable (xi) contains high and low concentrations, 
respectively. N is the number of trials divided by two. The main effect figure with a positive sign 
indicates that "+" level of this variable is nearer to optimum metal biosorption, while the negative sign 
indicates that "-" level of this variable is nearer to optimum. 
 
Table 1: Plackett-Burman matrix design and the actual values of Cr (VI) biosorption capability of 

Bacillus mojavensis C6 strain. 
Trial no. Variables  

X1 X2 X3 X4 X5 X6 X7 X8 X9  X10 X11 Cr (VI) 

1 - - - + - + + - + + + 0.66 
2 - + + + - - - + - + + 0.94 
3 - + + - + + + - - - + 0.95 
4 + + - + + + - - - + - 0.85 
5 - + - + + - + +  + -  - 1.38 
6 + - + + +  - - - + - + 0.75 
7 + - + + - + + + - - - 1.22 
8 - - + - +  + - +  + + - 1.12 
9 + + - - - + - + + - + 1.49 

10 - - - - - - - - - - - 0.76 
11 + - - - + - + + - + + 1.01 
12 + + + - - - + - + + - 0.72 

* X1, Whey concentration (%); X2,  Beef extract concentration (%);X3, Metal concentration (ppm); X4, pH; X5, Temperature (°C); X6, 

Agitation speed (rpm); X7, Inoculum size (%);X8, Incubation period (h); X9, Dummy1; X10, Dummy 2; X11, Dummy 3; O.D., Optical 
density. The minimum level (-) was taken as 8%, 0.5%, 17.6 ppm for Cr (VI), pH 7, 30 °C, 150 rpm, 2%, 24 h, while the maximum level (+) 
was taken as 10%, 0.8%, 35.2 ppm for Cr (VI), pH 7.5, 35°C, 200 rpm, 4%, 48 h, respectively. 

Central composite design (CCD) and response surface methodology (RSM) 
After identifying the significant variables for heavy metal biosorption, central composite 

designs (CCD) was applied for describing the nature of the response surface and elucidate the optimal 
concentrations of the selected independent variables. 
The heavy metal biosorption of Cr (VI) was randomized and four independent variables, namely 
treated pH, temperature, agitation speed and incubation period were studied at five different levels 
(±1, 0, ±α) and sets of 20 experiments (batch experiments) were carried out according to Table 2.  
An empirical model which related the response measured to the studied independent factors using a 
second order polynomial equation (Dutta et al. 2011) as follow: 
Y = b0 + b1X1 + b2X2 + b3X3 + b11X12 + b22X22 + b33X32 + b12X1X2 + b23X2X3 + b13X1X3 
Where, Y is the predicted response (metal biosorption efficiency); b0 is the regression coefficient at 
center point; b1, b2 and b3 are the linear coefficients; b11, b22 and b33 are the quadratic coefficients; b12, 
b23 and b13 are the interaction coefficients. 
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Preparation of the biomass 
Bacillus mojavensis C6 was grown on the modified medium which consisted of 10% whey, 

8% beef extract and amended with membrane-sterilized solutions of 70.4 ppm Cr (VI). The bacterial 
cells were incubated at 150 rpm, pH 7.0 and 30 °C for 24 h. The cells were harvested by 
centrifugation at 10.000 rpm for 15 min and then washed with sterile glass distilled water. The dead 
cells were prepared by drying at 105 °C for 2 h (Abdel-Monem et al., 2010). 

 
Table 2 Generated CCD matrix for independent variables used RSM  

Trials 
Cr (VI) 

Variables OD 
A B C D Actual Predicted 

1 0 0 0 0 1.35 1.35 
2 1 1 1 1 1.39 1.45 
3 0 0 -2 0 1.23 1.08 
4 0 0 2 0 1.02 0.94 
5 -2 0 0 0 1.34 1.24 
6 1 1 1 -1 0.90 0.92 
7 0 0 0 0 1.36 1.35 
8 -1 -1 1 1 0.89 0.95 
9 0 -2 0 0 0.80 0.68 
10 -1 1 -1 -1 0.91 0.95 
11 0 0 0 -2 0.73 0.60 
12 0 0 0 2 1.45 1.35 
13 -1 -1 -1 -1 0.70 0.80 
14 1 1 -1 -1 0.90 1.00 
15 0 0 0 0 1.35 1.35 
16 1 -1 -1 1 0.97 1.05 
17 1 -1 1 1 0.91 0.95 
18 0 2 0 0 1.44 1.33 
19 -1 1 -1 1 1.50 1.55 
20 1 1 -1 1 1.59 1.66 
21 0 0 0 0 1.35 1.35 
22 -1 -1 1 -1 0.85 0.86 
23 1 -1 -1 -1 0.74 0.78 
24 1 -1 1 -1 0.70 0.80 
25 -1 1 1 -1 0.82 0.90 
26 -1 1 1 1 1.34 1.38 
27 0 0 0 0 1.35 1.35 
28 2 0 0 0 1.43 1.30 
29 0 0 0 0 1.35 1.35 
30 -1 -1 -1 1 0.95 1.01 

Variables Symbol  Real levels 

  -2 -1 0 +1 +2 
pH A 6.25 6.5 6.75 7 7.3 

Temperature B 22.5 25 27.5 30 33 
Agitation speed (rpm) C 75 100 125 150 175 
Incubation period (h) D 15 18 21 24 27 

 
Biosorption of Cr (VI) from industrial wastewater sample by Bacillus mojavensis C6 

Fresh and dead cells of Bacillus mojavensis C6 were suspended in 50 ml of industrial 
wastewater, obtained from chemical factory in Egypt, containing 2.20 ppm Cr+6, 0.56 ppm Ni+2, 7.00 
ppm Zn+2, 61.0 ppm Fe+3 and Al+3 saturated and incubated under same conditions. The capability of 
biosorption, desorption and reuse of the biomass were conducted (Abdel-Monem et al. 2010). All the 
biosorption and desorption experiments were done in duplicate to confirm the results. Also, control 
was performed to ensure that no adsorption had taken place on the walls of the apparatus used. 

The initial and remaining heavy metal concentrations were measured by inductive coupled 
plasma optical mission spectrometry (Agilent ICP-OES5100, Australia) according to Ammerican 
Puplic Health Association, 2012 in Analysis and Consulation Unit, National Research center, Giza, 



Curr. Sci. Int., 8(2): 456-466, 2019 
ISSN: 2077-4435 

460 

Egypt. The efficiency of heavy metal biosorption and desorption were calculated in terms of 
percentage using the following equation (Simonescu and Ferdes, 2012): 
 

Efficiency of biosorption removal (E) = (Ci – Cfb) / Ci x 100 
Efficiency of desorption process (Rd) = (Cid – Cfd) / Ci x 100 

 
where Ci (ppm) is the initial concentration of metal ion, Cfb is the concentration of metal ion after 
biosorption (ppm), Cid is the initial concentration of metal ion subject to desorption process, Cfd is the 
concentration of metal ion after desorption (ppm). 
 
Statistical analysis  

The statistical analyses were carried out using IBM® SPSS® Statistics software version 23.0 
(2015). The degree of significance between treatments was analyzed using one way analysis of 
variance (ANOVA) at P ≤ 0.05. 
 
Results and discussion 
 

In the present work, heavy metals resistant bacterial isolate C6 was identified by 16S rDNA 
gene and revealed 99% similarity with Bacillus mojavensis ifo 15718. It was then named Bacillus 
mojavensis C6 (Figure 1A, B). These results are similar to those previously reported by Camacho-
Chab et al. (2018) who reported that the most efficient bacterial isolate that can tolerate high 
concentration of heavy metals was identified as Bacillus species. 

 
Fig. 1: A PCR amplification of 16S rRNA sequence from the Bacillus sp. C6 isolate with a fragment 

size about 1200 bp; lane M, DNA ladder; lane 2, amplification product obtained, B. 
Phylogenetic tree based on 16S rRNA sequences of the genus Bacillus obtained from BLAST 
search representing the position of the target isolate and related strains. 

 
Plackett–Burman experimental design was used to determine the main effect of independent variables 
on biosorption of heavy metal and has been reported to be efficient in extensive biological processes 
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(El Razak et al., 2014). The bacterial growth in each trial, was measured at 620 nm and use as 
response of independent variable on metal biosorption. The results depicted in Table 1 showed a wide 
variation in bacterial growth ranged from 0.66 to 1.49 in 12-run experimental design. This effect was 
attributable to a strong influence of independent variable on heavy metal resistance process. The 
maximum growth of Bacillus mojavensis C6 (1.49) was obtained in trial 9 ("+" concentration of 
whey, beef extract, Cr (VI), and inoculums size and "-" concentration of pH, incubation temperature, 
agitation speed, incubation period).  

Table 3 represents the results of PBD with respect to coefficients mean squares, F-value and 
p-value of each variable. The results reveal that, out of eight independent variables studied, the Cr 
(VI) resistance was highly influenced by pH, incubation temperature, agitation speed and incubation 
period, whereas their p-values ranged from 0.037 to 0.019 and the other variables were fixed in the 
next stage of optimization. The coefficient of determination (R2) was 0.98 which establish satisfactory 
representation of the process model and a high correlation between the experimental and predicted 
values. 
 
Table 3: Statistical analysis of Plackett–Burman design results on heavy metal resistance. 
Variable Cr (VI) 

Mean square F-vlaue P-value 
Model 0.11 35.09 0.002* 
A-Whey conc. 0.001 0.24 0.65 
B-Beef extract conc. 0.02 5.79 0.074 
C-Metal conc. 0.02 4.98 0.09 
D-pH 0.03 9.44 0.037* 
E-Temperature 0.37 116.20 0.0004* 
F-Agitation speed 0.05 14.51 0.019* 
G-Inoculum size 0.006 2.65 0.202 
H-Incubation period 0.28 87.17 0.0007* 
J-J Dummy 0.02 7.53 0.052 
K-K  0.005 1.73 0.28 
L-L 0.001 0.28 0.634 
Std. Dev. 0.056 

0.99 
0.98 
0.96 
0.86 
5.71 

Mean 
R2 
Adj R2 
Pred R2 
C.V. % 
*= significant at 5% level (P≤0.005); C.V. %= Variation coefficient; R2= Determination coefficient; Conc.= Concentration 

 
By using Design Expert, the equations for predicting heavy metal resistance obtained from 

PBD (1st order model) were as follows:  
YCr (VI) resistance = 5.55+0.01(whey con.) + 0.26 (beef extract conc.) – 0.041(Cr (VI) conc.) – 

0.2 (pH) – 0.07 (temperature) – 0.003 (agitation speed) – 0.02(inoculums size) – 0.013 (incubation 
period) + 0.045 (Dummy 1) + 0.02 (Dummy 2) – 0.01 (Dummy 3). 

The main effects of the tested independent variables on heavy metal resistance were 
calculated and viewed graphically in Pareto chart (Figure 2). It presented the percentage of the 
contribution for 11 variables design with a range from 0.13 to 46.55% for bacterial growth in presence 
of Cr (VI). The (D, E, F and H) had the most significant influences on the resistance toward 
chromium ion model by Bacillus mojavensis C6.  

Subsequently, the significant variables identified by PBD are considered for the interaction and 
the optimum levels thoroughly by applying the Central Composite Design (CCD). A matrix of twenty 
experiments with four factors was generated using the statistical software package Design-Expert 
software 9.0.0 (Stat-Ease, Inc., Minneapolis, MN 55413, USA 2014). CCD matrix with observed and 
predicted responses is presented in Table 2. The results reveal that, the trial 20 exhibited the 
maximum activity in presence of Cr (VI) with pH adjusted to 7, Incubation temperature, 30 °C and 
100 rpm for 24 h (Table 2).  
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Fig. 2: Pareto chart representing the main effects of the different variables affecting the resistance of 

heavy metal by Bacillus mojavensis C6. The positive coefficients (blue bars) suggest a 
significant effect on resistance to Cr (VI). While, negative coefficients (green bars) imply non 
significant variable. 

 
The statistical significance of each coefficient was determined by ‘F’ test and ANOVA, 

which are listed in Table 4. The smaller the ‘p’ value, the more significant is the corresponding 
coefficient. The ANOVA results was performed to validate the mode and showed the model was 
highly significant (0.0001) with coefficient of determination (R2) of 0.92 in presence of Cr (VI).  

 
Table 4: Analysis of variance of second order polynomial model for the variables used in the CCD 

experiment for heavy metal resistance by Bacillus mojavensis C6. 
Variable Cr (VI) 

Mean square F-vlaue P-value 
Model 
A-pH 

0.158 
0.005 

13.03 
0.37 

˂0.0001* 
0.54 

B-Temperature 0.64 52.83 ˂0.0001* 
C-Agitation speed 0.032 2.66 0.12 
D-Incubation Period 0.83 68.64 ˂0.0001* 
AB 0.005 0.41 0.53 
AC 0.002 0.12 0.73 
AD 0.003 0.27 0.61 
BC 0.012 0.98 0.34 
BD 0.15 12.40 0.003 
CD 0.015 1.20 0.29 
A^2 0.012 1.01 0.33 
B^2 0.212 17.44 0.001* 
C^2 0.202 16.65 0.001* 
D^2 0.246 20.33 0.0004* 
Std. Dev. 0.11 

1.12 
0.92 
9.82 

Mean 
R2 
C.V. % 

*= significant at 5% level (P≤0.005); C.V. %= Variation coefficient; R2= Determination coefficient 

  
Therefore, the model is reliable for bacterial activity in presence of the tested metal ions. 

Regarding Cr (VI) ion removal by Bacillus mojavensis C6, both the main effect of model terms and 
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its quadratic effect were found to be significant. In addition, the interaction between the tested factors 
was found to be statistically significant at the used level of confidence. 

For predicting the optimal points mathematically, a second order polynomial equation was 
calculated as described in the following equation: 

YCr (VI) resistance= -23.2+3.64(pH) + 0.431 (temperature) + 0.064(agitation speed) + 0.07 
(incubation period) + 0.03 (pH^temperature) – 0.002 (pH^agitation speed) + 0.02(pH^inoculums 
period) – 0.0004 (temperature^agitation speed) +0.013 (temperature^ incubation period) – 0.0004 
(agitation^incubation period) – 0.34 (pH^2)  – 0.014 (temperature^2) – 0.0001(agitation speed ^2) – 
0.01(incubation period^2). 

The three-dimensional response surfaces of the interaction of the tested variables on the Cr 
(VI) and Ni (II) resistance could be clarified in Figure 3. From the plots, it can be reported that growth 
activity was interactively influenced by all selected variables in presence of both heavy metals. In 
addition, Bacillus mojavensis C6 can tolerate the toxic effects of Cr (VI) after optimization processes 
using CCD.  
 

  

  

  
Fig. 3: Three dimensional response surface plot showing the interaction effect of AB, AC, AD, BC, 

BD and CD on Cr (VI) biosorption by Bacillus mojavensis C6. 
 

These results are similar to those previously reported by Atar et al. (2012) who reported the 
better efficiency of heavy metal removal were found to be at pH= 5 which increase the negative 
charge density of the biosorbent, resulting in more heavy metals adsorption on the biosorbent. This 
effect may also due to the activation of functional groups on the biosorbent active sites (Ilhan et al., 
2004). Using Response Surface Methodology, the process was optimized at pH = 7 by the most 
potential biosorbent microbes (Migahed et al., 2017). The obtained results contradict with the result 
obtained by Simonescu & Ferdeş 2012 who mentioned that the biosorption capability by the tested 
isolates was enhanced at 30 °C. In addition, García et al. (2016) observed that the optimal temperature 
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for the Cd, Cr, Mn and Pb removal from aqueous solutions by the tested Bacillus strains was 27 ± 1 
°C. The biosorption process was optimized in terms of pH (5.74) and temperature (24.57 °C) by 
central composite design (Sahan et al. 2015).  

According to Bandela et al. (2016) a toxic heavy metal were removed from wastewater within 
incubation period of 24 h, 48 h and 72 h by all tested isolates. However, the higher heavy metal 
biosorption was reported at 72 h of incubation period. Furthermore, it was found that incubation 
period has significant effect on the process of metal removal from industrial effluents. In addition, 
Tarangini & Satpathy, (2009) found that agitation time is a crucial factor in establishing Cr 
biosorption by the resistance organisms (Bacillus subtilis and Pseudomonas aeruginosa). 
Thermophilic Bacillus species adsorbed Cu, Ni, and Cr from rotogravure wastewater when incubated 
at pH 7, agitation 100 rpm, time 48 h, and 60 °C – 70 °C (Al-Daghistani, 2012).  

In industrial scale, the reuse of the used living or dead Bacillus mojavensis C6 biomass after the 
heavy metal biosorption is one of the main challenges in applying the tested bacterial biosorption 
process. The results showed the capability of Bacillus mojavensis C6 biomass to be repeatedly used at 
least three times without significant loose in the heavy metal removal process. Generally, it was found 
that the dead cells of Bacillus mojavensis C6 were more effective than living cells in heavy metal 
biosorption with 1.06 folds in tested samples of Cr (VI) (Table 5). This may be attributed to strong 
affinity of dead cells which lack proton produced during metabolism for metal ions (Pardo et al., 
2003). In addition, the efficiency of Cr (VI) biosorption is more than Ni (II) biosorption in industrial 
wastewater. These results are in agreement with Al-Daghistani, (2012) who found that the four tested 
dead cells of Bacillus species showed higher adsorption potential for Cu, Ni, and Cr in comparison 
with the living cells.  
 
Table 5: Cr (VI) remediation by live and dead biomass of Bacillus mojavensis C6 in industrial 

wastewater samples. 
Cycles Biosorption Desorption 

Ci (ppm) Cfb (ppm) Rm* (ppm) E (%) Cid (ppm) Cfd (ppm) Rd (%) 
1 3.3 0.55 2.75 83.3 2.7 0.05 98.2 
2 3.3 0.59 2.71 82.1 2.65 0.06 97.8 
3 3.3 0.62 2.68 81.2 2.55 0.13 95.1 

 

                      * Rm=Residual heavy metal 

 
Conclusion 

Based on the above findings, Bacillus mojavensis C6 show efficient growth as well as resistant 
in heavy metal polluted waters, resulting in bioremediation of Cr (VI) from wastewater. The 
optimization of various factors affecting bacterial growth using PBD and CCD model seems to be a 
useful tool for prediction and understanding of interaction between independent variables. It was 
concluded that this bacterium, living or dead cells, is capable of metal biosorption for 3 cycles with no 
noticeable change in biosorption efficiency. The present work has proved that Bacillus mojavensis C6 
is an ecofriendly, effective and economic biosorbent for the removal of Cr (VI), 83.3% from industrial 
wastewater samples. 
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