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Abstract: Four chromium(Ⅵ)-resistant bacteria named YB-1, YB-2, YB-3 and YB-4 were isolated from Cr-electroplating sludge. 
YB-1 and YB-2 were identified as a member of Bacillus sp. based on morphology and Biolog Microstation System. The strain of 
YB-1 was selected to test for its resistance and ability to remove Cr(Ⅵ) from aqueous solution. The results indicate that YB-1 
exhibits high MIC value which can almost reach 140 mg/L and the growth of YB-1 in liquid medium containing 60 mg/L Cr(Ⅵ) is 
affected especially in the late exponential phase and stationary phase. Furthermore, the potential of living and freeze-dried YB-1 
biomass to remove Cr(Ⅵ) was studied in different pH, biosorbent dose, contact time and initial concentration using the batch method. 
At the optimal conditions, living and freeze-dried biomass are capable of absorbing 34.5 mg/g and 17.8 mg/g chromium(Ⅵ) at initial 
concentration of 60 mg/L, respectively. The adsorption data were fitted to Langmuir isotherm model for these two sorbents. Kinetic 
studies show that the rates of sorption all follow the pseudo-second order kinetics. 
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1 Introduction 
 

Heavy metals like copper, lead, cadmium and 
chromium could cause serious threat to the environment 
and human health. Chromium is widespread used in 
leather tanning, electroplating, metal finishing and 
chromate preparation[1]. There are two common stable 
states of chromium, hexavalent chromium and trivalent 
chromium[2]. Hexavalent chromium species is present as 
either dichromate )OCr( 2

72
−  in acidic environments or as 

chromate )CrO( 2
4
−  in alkaline environments[3]. 

Chromium(Ⅵ) and its compounds are all water-soluble 
and mobile that can accumulate in human body 
throughout the food chain, therefore Cr( Ⅵ ) is of 
particular concern and known to be much more harmful 
to human, animals and environment than Cr(Ⅲ). Cr(Ⅵ) 
has been recognized as one of the most dangerous heavy 
metals because it can cause skin or respiratory disease 
via diverse approaches and it is also carcinogenic. 
Consequently, removal of chromium(Ⅵ) from waste- 
water is quite essential. 

Toxic metal ions are commonly removed by several 
conventional physicochemical methods which have been 
practiced for decades, such as precipitation, ion exchange, 
membrane separation, but certain drawbacks including 
high cost, low efficiency and operational complexity 
limit their usage. 

Biological treatment using microorganisms or plants 
offers an alternative due to low operating costs of these 
materials and good performance[4]. Biosorption which is 
more effective especially at low metal concentration 
(below 100 mg/L) plays an important role in 
detoxification of metal pollution. Many microbial 
materials including bacteria, fungi and algae are 
considered having metal absorbing capacities. 
Adsorption of heavy metals was shown to be dependant 
on various factors like metal species, initial 
concentration, pH and contact time. 

Many Cr-adsorption bacteria have been reported in 
previous researches[3−5]. Generally, biosorption of 
metals on bacteria commonly used growing or dead cells 
as biosorbent in previous studies. But removing heavy 
metals by living and freeze-dried bacteria cells is limited. 
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Therefore, living and freeze-dried cells are applied in 
sorption of chromium(Ⅵ) in this work. 

The objective of the present study is to screen anti- 
Cr(Ⅵ) bacterial isolates from chromium-contaminated 
site, test Cr(Ⅵ) adsorption capacity and compare the 
metal sorption behaviour of the living cells and 
freeze-dried cells. A Bacillus sp. strain YB-1 isolated 
from Cr-electroplating sludge is employed for removal of 
hexavalent chromium in this study. Various parameters 
affecting the sorption, such as initial concentration, 
biosorbents dose, pH of metal solution, and shaking time 
for each cell form are investigated. The sorption 
equilibrium and kinetic model are also studied. 
 
2 Experimental 
 
2.1 Isolation of Cr-resistant bacteria 

The Cr-electroplating sludge sample was taken from 
Daxing Electroplate Factory in Changsha, China. It was 
collected in a sterile plastic bag and transported to the lab 
immediately. Bacteria were isolated on agar plates 
supplemented with different concentrations of Cr(Ⅵ) by 
dilution plate method as described[6]. The culture 
consisted of peptone 10 g, beef extract 5 g, NaCl 5 g and 
agar 20 g in 1 L deionized water and pH was adjusted to 
7.0−7.2. The sample was serially diluted in 10-fold of 
10−1−10−7 and 1 mL soil solution was dropped separately 
to the culture plates followed by pouring agar. The agar 
plates were incubated at 30 ℃ for 2 d. Colonies of 
distinct morphologies were selected to streak on separate 
plates and gradually enhance the concentration of Cr(Ⅵ) 
till there was no bacteria growing on the plates to obtain 
the Cr-resistant strains. Four pure isolates on 100 mg/L 
Cr(Ⅵ) culture were named strain YB-1, YB-2, YB-3 and 
YB-4. These isolates were purified and stored onto 
nutrient agar at 4 ℃. 

Isolation and application of metal-resistant strains 
are greatly significant because high level of resistance 
maybe indicates potential ability of binding metals[7]. 
Generally, a microbe can be regarded as a chromium- 
resistant strain only if its tolerance level surpasses 10.4 
mg/L which is the minimal inhibitory concentration 
(MIC) of E. coli[8]. 
 
2.2 Characterization of isolates 

Preliminary characterization of the isolates was 
carried out by colony observations, microscope and 
Biolog Microstation System (Biolog, USA). Gram- 
staining and spore-staining were performed following 
conventional methods[6]. Bacteria were identified by 
Biolog Microstation System based on the differences of 
carbon source utilization. 

2.3 Determination of MIC 
Resistance of YB-1 to Cr(Ⅵ) was measured in 

liquid nutrient medium. 1 mL of YB-1 cells suspension 
(incubated for 24 h) was brought into 99 mL medium 
amended with different concentrations of Cr(VI) ranging 
from 0 to 200 mg/L. After another 24 h of incubation on 
a rotary shaker (150 r/min), the optical density(OD) 
value at 600 nm (OD600) of the medium was measured 
spectrophotometrically to monitor the growth of YB-1. 
Liquid medium in the absence of Cr(Ⅵ) served as the 
control. Minimal inhibitory concentration(MIC) is the 
lowest concentration of chromium that totally inhibits the 
growth of bacteria. 
 
2.4 Effect of Cr(Ⅵ) on YB-1 growth 

The effect of Cr(Ⅵ) on the growth of YB-1 was 
evaluated. YB-1 was cultivated in conical flasks 
containing growth medium with or without Cr(Ⅵ) (60 
mg/L) on a rotary shaker (150 r/min) at 30 ℃ for 28 h, 
during which the OD600 of the medium was measured to 
determine the bacterial growth. Different sensitivity to 
Cr( Ⅵ ) of each growth phase was investigated by 
comparing with these two corresponding bacterial 
growth curves (with and without metals). 
 
2.5 Biosorbent preparation 

YB-1 was cultivated on a rotary shaker (150 r/min) 
at 30 ℃ . The cells in the exponential phase were 
harvested by means of centrifugation at 5 000 r/min for 5 
min and washed several times with deionized water. The 
living cells were freeze-dried for 12 h and then marked 
as the freeze-dried cells in this work. The living cells and 
freeze-dried cells for further sorption experiment were all 
stored at 4 ℃ until use.  
 
2.6 Biosorption experiment 

The test solutions of required concentrations of 
chromium(Ⅵ) used in this study were prepared from 
analytical grade K2Cr2O7. The pH of each working 
solution was adjusted to the desirable value with 1 mol/L 
NaOH and 1 mol/L HCl. 

The experiments were all conducted in 250 mL 
conical flask containing 100 mL metal solution on a 
rotary shaker, operating at 150 r/min after mixing the 
living or freeze-dried cells. Equal biomass was added to 
contact with 100 mL metal solution without nutriment 
and corresponding dry mass (0.1g) of living cells was 
calculated at each batch by drying an aliquot at 105 ℃ 
for 2 h. The effects of pH, initial concentration(C0), 
biosorbent dose(m) and contact time(t) were elucidated. 
Moreover, the adsorption equilibrium and kinetics were 
also studied in this work. Without special condition 
stated, pH, the initial concentration, contact time, 
temperature, quantity of the biomass and agitation rate 
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were 2.0, 60 mg/L, 48 h, 30 ℃, 0.1 g dry mass (for both 
living and freeze-dried sorbents) and 150 r/min, 
respectively. And the solution pH was measured at 
different contact time. 

The samples were centrifuged at 5 000 r/min for 5 
min. Analysis of the residual chromium(Ⅵ ) in the 
supernatant solution was operated by UV 754N model 
spectrophotometer at 540 nm using 1,5-diphenyl 
carbazide as the complexing agent in acidic solution. 
Each set of experiments was conducted in duplicate and 
average values were applied for further analysis. 

The amount of Cr(Ⅵ) removed by these two kinds 
of biosorbent was calculated from the following 
equations: 
 

V
m

CC
Q ×

−
= e0                            (1) 

%100
0

e0 ×
−

=
C

CC
R                           (2) 

 
where  Q is the amount of absorbed metal ions per unit 
mass of sorbent (mg/g), R is the removal efficiency (%), 
C0 is the initial concentration of Cr(Ⅵ) (mg/L), Ce is the 
final concentration of Cr(Ⅵ) (mg/L), m is the dry mass 
of biomass (g), and V is the volume of the adsorption 
medium (L). 
 
3 Results and discussion 
 
3.1 Characterization of isolates 

Colony, microscopic observation and Biolog results 
of these four isolates after 48 h of incubation on agar 
plates are listed in Table 1. YB-1 and YB-2 with 
endogenetic-spore are all Gram-positive and rod-shaped. 
YB-3 and YB-4 are Gram-negative but could not be 
identified by Biolog. The Biolog profiles gave YB-1 and 
YB-2 the same Genus ID: Bacillus. This result accords 
with the characterization of bacteria after consulting 
Bergey’s Manual of Determinative Bacteriology. For 
YB-1, SIM (Similarity) in Biolog to Bacillus mycoides is 
0.44, SIM to Bacillus cereus or Bacillus thuringiensis is 
0.09. Species listed in Biolog profiles all belong to 
Bacillus sp., but are significantly different from       
the isolates. This may imply that Bacillus sp. has become 

dominant in chromium-plating sludge. Bacillus sp. is 
considered as a kind of bacteria capable of accumulating 
a great deal of metals because of peptidoglycan on the 
cells wall[9]. YB-1 was selected to apply in the further 
resistance and sorption experiment. The studied strain 
YB-1 was incubated on agar plates and slants at 30 ℃ 
for 2 d and after that stored at 4 ℃. 

There are numerous bacteria reported that resist 
heavy metals including Pseudomona sp.[10−12], 
Aeromona sp.[10], Bacillus sp.[3], etc. 
 
3.2 Determination of MIC 

The effect of different concentrations of Cr(Ⅵ) on 
the bacterial growth of cells is shown in Fig.1. 
 

 
Fig.1 Effect of Cr(Ⅵ) concentration on growth of YB-1 (30 ℃, 
150 r/min) 
 

It is found that the growth of Bacillus YB-1 can not 
be affected at all when the concentration of Cr(Ⅵ) is 
below 25 mg/L. And its minimal inhibitory concentration 
(MIC) reaches 140 mg/L when no colony appears after 
streaking on the agar plates. These values indicate that 
YB-1 has formed its own resistance mechanism to  
Cr(VI) due to growing in Cr(Ⅵ )-contaminated site 
chronically, such as biosorption, accumulation, 
precipitation, reduction of Cr( Ⅵ ) to Cr( Ⅲ ), and 
chromate efflux[13]. 

 
Table 1 Characteristics and identification of isolates 

Isolate Gram-staining Spore-staining Colony Cells shape Biolog result

YB-1 G+ Endogenetic-spore Circular, smooth, nontransparent, ivory white Rod Bacillus sp. 

YB-2 G+ Endogenetic-spore Circular, rough, nontransparent, ivory white Rod Bacillus sp. 

YB-3 G- − Circular, smooth, nontransparent, ivory white Rod − 

YB-4 G- − Circular, smooth, nontransparent, light yellow Rod − 
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3.3 Effect of Cr(Ⅵ) on YB-1 growth 

The response of YB-1 growth to Cr(Ⅵ) is shown in 
Fig.2. The sensitivity to 60 mg/L Cr(Ⅵ) is various in 
different growth phases. In the lag and initial exponential 
growth phase, the growth of YB-1 can not be inhibited 
by Cr(Ⅵ ) any more. But the bacterial biomass in 
Cr-containing medium decreases obviously in the middle, 
late exponential phase and the stationary phase compared 
with the control. Growth without metals shows a much 
longer exponential phase than that in the presence of 60 
mg/L Cr(Ⅵ). 
 

 
Fig.2 Growth of YB-1 with or without Cr(Ⅵ) (30 ℃, 150 
r/min) 
 
3.4 Effect of pH on Cr(Ⅵ) sorption 

The influence of pH was tested by varying the pH in 
the range of 1.0 to 6.0. It was adjusted using 1 mol/L 
NaOH and 1 mol/L HCl when biomass had been added 
to the solution to avoid the effect of water in cells on pH. 

The maximum metal uptake 25.5 mg/g (living cells) 
and 18.3 mg/g (freeze-dried cells) were all observed at 
pH 2.0 as shown in Fig.3. As the pH increases or 
decreases from 2.0, sorption behaviors are all inhibited 
more or less. It can be seen that the removal of Cr(Ⅵ) 
 

 
Fig.3 Effect of pH on Cr(Ⅵ) sorption (30 ℃, 150 r/min, 
m=0.1 g, C0=60 mg/L, t=48 h) 

on living YB-1 is higher than that on freeze-dried cells at 
any given pH. Optimum pH 2.0 has been reported for 
removal of Cr(Ⅵ) by various materials[4,14−16]. 

The pH can remarkably affect the chemical property 
of the functional groups (such as carboxylate, phosphate 
and amino groups) on the cells wall and metal ions in the 
solution. Therefore, adsorption of metal ions is pH 
dependent[17]. For other positive metal ions, low pH 
brings large hydrogen ions to compete with metal ions at 
binding sites resulting in low uptake, so that the optimum 
pH was usually between 5 and 9[18]. But Cr(Ⅵ) sorption 
is more complicated because chromium( Ⅵ ) exists 
predominantly in the form of negative dichromate ions 
(such as ,HCrO4

− )OCr 2
72
−  in solution. The mechanism 

of effects of pH on sorption is that low pH (2.0) makes 
the surface of cells protonated which is propitious to 
anionic adsorption, leading to descending of Cr(Ⅵ) in 
solution. Cr(Ⅵ) sorption capacity also decreases as pH 
decreases to 1.0. This could be explained by TEWARI’s 
investigation that −2

4CrO and −2
72OCr  are two 

comparatively active forms of  Cr(Ⅵ) in contrast to 
−
4HCrO  which is the dominant form at pH 1.0[16]. 

 
3.5 Effect of initial concentration on Cr(Ⅵ) sorption 

The removal of Cr(Ⅵ) by living and freeze-dried 
cells of YB-1 is presented as a function of the initial 
concentration of Cr(Ⅵ) at pH 2.0. Fig.4 indicates that as 
the initial concentration increases from 40 mg/L to 400 
mg/L, the sorption capacity increases from 22.3 mg/g to 
79.5 mg/g for living biomass and 14.9 mg/g to 47.5 mg/g 
for freeze-dried one due to greater impetus. The 
maximum uptake 79.5 mg/g and 47.5 mg/g could be 
considered promising. 
 

 
Fig.4 Effect of initial concentration on Cr(Ⅵ) sorption (30 ℃, 
150 r/min, m=0.1 g, pH=2.0, t=48 h) 
 
3.6 Effect of biosorbent dose on Cr(Ⅵ) sorption 

The removal of chromium(Ⅵ) was evaluated by 



LIU Yun-guo, et al/Trans. Nonferrous Met. Soc. China 18(2008) 

 

484

varying sorbent dosage from 0.01 g to 0.4 g (dry mass) at 
initial concentration of 60 mg/L. Quantity(Q) and 
efficiency(R) are plotted against the dosage of living and 
freeze-dried cells added to solution as presented in Fig.5.  
 

 
Fig.5 Effect of biosorbent dose on Cr(Ⅵ) sorption (30 ℃, 150 
r/min; C0= 60 mg/L, pH=2.0, t=48 h) 
 

Reducing biomass means relatively elevating Cr(Ⅵ) 
concentration that uptake increases if only the biosorbent 
has not been saturated by ions. But R value increases 
because of more binding site supplied by more 
biosorbents. The sorption capacity is 45 mg/g and 28.21 
mg/g when the mass of cells is just 0.01 g (dry mass) for 
living and freeze-dried cells, respectively. 
 
3.7 Time course of biosorption 

It can be seen from Fig.6 that the sorption capacity 
of Cr(Ⅵ) by living YB-1 increases rapidly within first 6 
h (almost 50% of uptake at equilibrium) and does not 
change with time prolonging after 5 d. But equilibrium is 
established within 20 h for freeze-dried cells as presented 
in Fig.7.  
 

 
Fig.6 Time course and change of pH of biosorption on living 
biomass (30 ℃, 150 r/min, m=0.1 g, C0=60 mg/L, pH=2.0) 

 

 

Fig.7 Time course and change of pH of biosorption on 
freeze-dried biomass (30 , ℃ 150 r/min, m=0.1 g, C0=60 mg/L, 
pH=2.0) 
 

During the course of sorption on living cells, we can 
observe the change of pH from initial pH 2.0 to 2.29 
after 120 h of contact time as given in Fig.6 and a 
decrease of oxidation reduction potential as removal of 
Cr(Ⅵ). The pH increases obviously just in the first 6 h 
and slowly after that, which is very similar to the 
removal rate of Cr(Ⅵ). PARK et al also reported that the 
solution pH increased abruptly from 2.00 to 2.13 after 
158 h in Cr(Ⅵ ) biosorption experiment using dead 
Aspergillus. niger[19]. But no increase of pH was 
observed in the course of sorption on freeze-dried YB-1. 

As we know, the reduction of Cr(Ⅵ) to Cr(Ⅲ) 
requires electron donors, resulting in a decrease of the 
oxidation reduction potential corresponding to the 
increase of pH. The increase of pH can be explained by 
the following reaction: −2

72OCr +14H+ +6e→ 2Cr3++ 
7H2O[20]. All these phenomena predict that Cr(Ⅵ) may 
be reduced to comparatively innocuous Cr(Ⅲ) by living 
cells without extra electron donors. In some cases, 
intracellular enzymes contribute to Cr(Ⅵ) reduction[21]. 
Special enzymes may exist in living Cr-resistant YB-1 
due to high concentration chromium condition it grew in 
before. As a result of redox reaction, more Cr(Ⅵ) is 
removed from solutions by living cells than freeze-dried 
cells in above-mentioned tests. That’s why isolation from 
contaminated sites could provide preponderant strains 
helpful to removing pollution. Much work remains to be 
done about the reduction of Cr(Ⅵ) by YB-1 in the future. 
 
3.8 Equilibrium study 

Langmuir and Freundlich isotherm models were 
widely used in the biosorption literature. 

The Langmuir isotherm is valid for monolayer 
sorption and it could be described as follows: 
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eq

eqmax
eq 1 bC

bCQ
Q

+
=                            (3) 

and the linearized form of Eqn.(3) is 

maxmax

eq

eq

eq 1
bQQ

C
Q
C

+=                          (4) 

where  Qeq (mg/g) and Ceq (mg/L) are the uptake of 
sorption and the residual concentration at equilibrium. 
Qmax and b are the adsorption isotherm parameters. 
Ceq/Qeq vs Ceq was plotted (Fig.8), Qmax and b can be 
calculated from the slop and the intercept. 
 

 
Fig.8 Langmuir adsorption isotherm of Cr(Ⅵ) on YB-1 (30 ℃, 
150 r/min, m=0.1 g, pH=2.0) 

 
The Freundlich equation is empirical and it is 

presented as 
nCKQ /1

eqFeq =                                (5) 

The logarithmic form of Eqn.(5) is 

eqFeq ln1lnln C
n

KQ +=                       (6) 

where  KF and n are the Freundlich constant and 
exponent. ln Qeq vs ln Ceq is plotted (Fig.9), n and KF can 
be determined from the slop and the intercept. 

The parameters of Langmuir and Freundlich model 
obtained at 30 ℃  are presented in Table 2. The 
adsorption data of Cr(Ⅵ) can be well described by 
Langmuir isotherm model given in Fig.8 with the 
coefficient (R2) of 0.995 5 for both two kinds of 
biosorbent. This illuminates that monolayer sorption is 
dominant for Cr(Ⅵ) sorbed on living and freeze-dried 
cells in this research. The magnitude of Kf and n shows 
easy separation of Cr(Ⅵ) from aqueous solution and 
high adsorption capacity[22]. 
 
3.9 Kinetic modeling 

The pseudo-first order and pseudo-second order rate 

 

 

Fig.9 Freundlich adsorption isotherm of Cr(Ⅵ ) on YB-1 
(30 ℃, 150 r/min, m=0.1 g, pH=2.0) 
 
equation were used in kinetic study. 

The first order rate equation is given as 
 

)(
d
d

eqad ,1 tQQK
t
q

−=                          (7) 
 
which can be expressed after integrating as below: 
 

303.2
lg)lg( ad ,1

eqeq
k

QQQ t −=−                    (8) 
 
where  Qt and Qeq are sorption capacity at time t and at 
equilibrium, respectively. K1,ad is the pseudo-first order 
rate constant. lg(Qeq−Qt) vs t is plotted (Fig.10) and K1,ad 
can be determined from the slop. 

The pseudo-second order rate equation is expressed 
as  

2
eqad ,2 )(

d
d

tQQK
t
q

−=                         (9) 

The integrated form of the pseudo-second order rate 
equation is commonly presented as 

eq
2
eqad ,2

111
QtQKQt

+=                        (10) 

where  K2, ad is pseudo-second order rate constant. K2, ad 
can be calculated from the slop of the plot of 1/Qt vs 1/t 
(Fig.11). 

The parameters of pseudo-first and pseudo-second 
order model are presented in Table 3. The rate of 
sorption on living and freeze-dried biomass all follows 
the pseudo-second order kinetics because the correlation 
coefficients of the second order was slightly higher than 
that of the first order. And the theoretical Qeq values of 
the pseudo-second order rate kinetics are also consistent 
with the experimental ones. 
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Table 2 Adsorption isotherm parameters for Cr(Ⅵ) 

Biosorbent 
Langmuir isotherm Freundlich isotherm 

Qmax/(mg·g−1) b/(L·mg−1) R2 K/(L·g−1) n R2 

Living cells 96.15 0.017 0.995 5 6.74 2.19 0.943 8 

Freeze-dried cells 58.82 0.012 0.995 5 3.79 2.26 0.987 7 

 
Table 3 First-order and second-order adsorption rate constants for biosorption of Cr(Ⅵ) 

Biosorbent 
First-order kinetic Second-order kinetic 

Qeq/(mg·g−1) K1, ad R2 Qeq/(mg·g−1) K2, ad R2 

Living cells 25.19 0.021 2 0.952 2 27.47 0.013 6 0.990 2 

Freeze-dried cells 9.79 0.218 3 0.829 3 18.55 0.108 8 0.955 9 

 

 
Fig.10 Linearized form of pseudo-first order model (30 ℃, 
150 r/min, m=0.1 g, C0=60 mg/L, pH=2.0) 
 

 
Fig.11 Linearized form of pseudo-second order model (30 ℃, 
150 r/min, m=0.1 g, C0=60 mg/L, pH=2.0) 
 
4 Conclusions 
 

Four Cr-resistant strains were isolated and two of 
them were identified as a member of Bacillus sp. by 
Biolog. The isolate YB-1 exhibited tolerance to 
chromium(Ⅵ) and the minimal inhibitory concentration 

was 140 mg/L. The results of biosorption study 
demonstrated that both living and freeze-dried cells of 
chromium(Ⅵ)-resistant bacterium YB-1 could remove 
chromium(Ⅵ) from dilute solutions. Living cells and 
freeze-dried cells were capable of removing 34.5 mg/g 
and 17.8 mg/g chromium(Ⅵ) at optimum pH of 2.0, 
initial concentration of 60 mg/L. Biosorption equilibrium 
was finished after about 5 d for living cells, 20 h for 
freeze-dried cells, respectively. The adsorption data all fit 
to Langmuir isotherm model at 30 ℃. The variety of pH 
in the course of biosorption was measured and we 
observed an increase of pH from 2.0 to 2.29 after 120 h 
using living biomass. This finding indicated that the 
reduction of Cr(Ⅵ) may happen while chromium is 
bound to the living cells. 
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