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Abstract

Background: Chromium (Cr) is an important heavy metal widely used in industries. It is one of the seventeen chemicals with the highest 
danger to human health according to the United States environmental protection agency (USEPA).
Objectives: The aim of this study was to isolate and identify Cr (VI)-resistant bacteria from Soltan Abad River sediments (Shiraz-Iran) and 
evaluate their potential for the detoxification of Cr (VI) to Cr (III) under environmental conditions.
Materials and Methods: Bacterial isolates were identified on the basis of colony morphology, Gram staining, and biochemical tests 
using standard microbiological methods. The minimum inhibitory concentrations (MICs) of chromium were determined by the broth 
agar dilution method. Cr (VI) reduction assay was determined by measuring the absorbance of the purple complex of Cr (VI) with 
1,5-diphenylcarbazide. The growth of Cr (VI)-resistant bacteria was determined at different concentrations of Cr (VI). Finally, the effects 
of temperature and pH on the growth of selected bacteria and Cr (VI) reduction were investigated using an Luria-Bertani (LB) medium 
containing 50 mg/L Cr (VI).
Results: The results indicated that Pseudomonas aeruginosa and Serratia marcescens were the most resistant bacteria with MICs of 200 
and 150 mg/L, respectively. Both bacteria completely reduced 25 and 50 mg/L of Cr (VI) in 36 hours and 48 hours, respectively. The growth 
rate of both bacteria decreased with increases in the Cr (VI) concentration, and the chromate reduction was directly correlated with the 
growth of the bacteria. These bacteria were capable of reducing Cr (VI) at a wide range of temperatures (25 to 45°C) and pH levels (5 to 9). 
The optimum medium conditions for Cr (VI) reduction and the growth of the isolates were temperatures between 30 and 40°C and a pH 
of 7.0 to 8.0.
Conclusions: P. aeruginosa and S. marcescens can be good candidates for the detoxification of Cr (VI) in Soltan Abad River.
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1. Background
Chromium (Cr) is an important heavy metal widely 

used in industries. It is released into the environment 
by a large number of industrial operations, including 
chrome plating, petroleum refining, leather tanning, 
wood preservation, textile manufacturing, and pulp 
processing (1). Cr is one of the seventeen chemicals with 
the highest danger to human health according to The 
United States environmental protection agency (USEPA). 
According to the world health organization (WHO), the 
maximum concentration of chromium in drinking wa-
ter should be no more than 0.05 mg/L (2). Hexavalent Cr 
(Cr6+) is the most toxic and carcinogenic form of Cr, due 
to its high solubility in water, rapid permeability through 
biological membranes, and subsequent interaction with 
intracellular proteins and nucleic acids (3). There are sev-
eral methods for Cr (VI) removal, such as chemical pre-
cipitation, membrane processing, ion exchange, liquid 
extraction, and electro dialysis (4). These methods are 
quite expensive and have many other disadvantages, like 

the generation of toxic sludge and other wastes, high 
energy requirements, and incomplete metal removal 
(5). On the other hand, bioremediation, which uses in-
digenous microorganisms, is an ecofriendly alternative 
for the detoxification and removal of Cr-pollutants (6). 
Microbial treatment of Cr (VI) pollution has the advan-
tages of economy, efficiency, and no secondary pollution. 
Bacterial and fungal remediation has been used in vari-
ous circumstances (7). Biosorption, bioaccumulation, 
and enzymatic oxidation/reduction are the processes by 
which the microorganisms interact with toxic metals. 
The enzymatic reduction of Cr (VI) involves membrane-
bound chromate reductase during anaerobic respiration 
or a soluble cytosolic chromate reductase under aerobic 
conditions, the activity of which is enhanced by NADH or 
glutathione as enzyme co-factors. Throughout this entire 
process, chromate acts as the terminal electron acceptor 
(8). There is a strong correlation between the Cr content 
and the number of metal-resistant bacteria in the soil (9). 
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A wide variety of bacteria have been reported for reduc-
ing/transforming Cr (VI) to Cr (III), under aerobic and 
anaerobic conditions, e.g., Intrasporangium sp. Q5-1 (10), 
Bacillus sp. (11), Escherichia coli (12), Pseudochrobactrum 
asaccharolyticum (13), Pseudomonas sp. (14), Staphylococcus 
aureus IFR-2, and Pediococcus pentosaceus IFR-3 (15). 

Soltan-Abad river is a seasonal river in the south of Shi-
raz, which after passing the industrial region, will end up 
in Maharlou Lake. High chromium contamination sourc-
es of this river are mainly due to industrial and domestic 
contamination and agriculture activities resulting from 
the utilization of fertilizers and mycocides (16).

2. Objectives
The aim of this study was to isolate and identify Cr (VI)-

resistant bacteria from Soltan Abad river sediments (Shi-
raz-Iran) and evaluate their potential for the detoxifica-
tion of Cr (VI) to Cr (III) under environmental conditions.

3. Materials and Methods

3.1. Sampling
Sediment sampling was done at three Soltan Abad river 

stations. The first sampling station was a site contami-
nated with urban waste water, while the second and third 
stations were contaminated with agriculture and indus-
trial wastes, respectively. GPS was used to determine 
the geographical situation of each site (Table 1). Tripli-
cate sampling was performed 3 times in the spring and 
summer of 2013, three times in sterilized glass contain-
ers for microbial examinations. The depth of sediment 
sampling was 3 - 5 cm. The in situ temperature and pH 
have been measured, and samples were transferred in ice 
packs to the laboratory within 24 hours.

3.2. Counting Bacteria 
For the enumeration of bacteria, a viable plate count 

technique was performed. A tenfold serial dilution was 
prepared by sequential dilutions of 1 gram of sediment 
samples. Then, 100 µL of the diluted suspension was 
transferred to nutrient agar plates containing 1 mM of 
potassium dichromate and incubated for 72 hours at 
30°C. Nutrient agar plates without potassium dichro-
mate were used as controls. Following incubation, the 
plates were checked for colony growth (17).

3.3. Enrichment and Isolation of Chromium (VI)-
resistant Bacteria

A total of 1.0 g of sediment was added into flasks con-
taining 100 mL of Luria Bertani (LB) broth medium (1% 
tryptophan, 0.5% yeast extract, 1% NaCl, a pH of 7) supple-
mented with potassium dichromate to reach a 50 mg/L 
concentration of Cr (VI) and maintained in a shaker in-
cubator with 160 rpm at 30°C for 5 days. The medium 

was then cultured on LB agar plates supplemented with 
a similar Cr concentration using the spread plate method 
and incubated at 30°C for 24 to 48 hours (18). Bacterial iso-
lates were identified on the basis of colony morphology, 
Gram staining, and biochemical tests using standard mi-
crobiological methods (19).

3.4. Determination of Minimum Inhibitory Concen-
trations (MICs) of Cr (VI)

The minimum inhibitory concentrations (MICs) of Cr at 
which no colony growth occurred were determined by the 
broth agar dilution method. The isolates were inoculated 
individually into 25 mL peptone water consisting of 1.0% 
(w/v) peptone and 5.0% (w/v) NaCl in 150 mL conical flasks 
and incubated at 28°C at 150 rpm to achieve a bacterial log 
phase. Nutrient agar plates containing different concen-
trations of Cr (VI) (50 - 250 mg/L) were inoculated asepti-
cally from the exponential growing cultures of each bacte-
rial strain. These plates were incubated at 37°C for 48 hours. 
The MIC was considered to be the lowest concentration of 
Cr (VI) at which no visible growth occurred (18). According 
to the results, two bacteria (Pseudomonas aeruginosa and 
Serratia marcescens) were selected for further analysis.

3.5. Cr (VI) Reduction Assay
The more resistant bacteria (P. aeruginosa and S. marces-

cens) were inoculated into 100 mL Screw capped glass vials 
containing 85 mL of broth medium (a pH of 8.0 ± 0.2) con-
taining (g/L): sodium thioglycollate (0.5), L-cysteine (0.25), 
peptone (5.0), NaCl (2.5), sodium sulphite (0.1), supple-
mented with sterilized Cr (VI) by a 0.22 μm membrane filter 
(25, 50, 100, and 150 mg/L), and incubated at 37 ± 1°C for 108 
hours. Uninoculated media containing Cr (VI) were used as 
controls. Samples were collected at regular 12-hour inter-
vals up to 96 hours and centrifuged at 10,000 rpm for 10 
minutes at 4°C. The supernatant obtained after centrifuga-
tion was used to measure Cr (VI) concentrations. The Cr (VI) 
content in each supernatant was determined by measuring 
the absorbance of the purple complex of Cr (VI) with 1,5-di-
phenylcarbazide (DPC, Sigma-Aldrich) at 540 nm using a 
UV-Vis spectrophotometer (Shimadzu 1700, Japan). The 
DPC reagent was prepared by adding 24 mL of 85% H3PO4 to 
56 mL of distilled water. This solution was mixed with 0.076 
g of DPC previously dissolved in 20 ml of 95% ethanol. The 
reagent was stored in the dark at 4°C. The reaction mixture 
was set up in a 10 mL volumetric flask as follows: 200 μL of 
sample volume was increased to 1 mL using glass distilled 
water, followed by the addition of 330 μL of 6 M of H2SO4 
and 400 μL of DPC, and the final volume was increased to 
10 mL using glass distilled water. The Cr (VI) concentration 
was calculated by the standard curve of K2Cr2O7 (25, 50, 100, 
and 150 mg/L). The efficiency of chromate reduction was 
determined in terms of % Cr (VI) reduction by measuring 
the difference between the Cr (VI) concentration at 0 and 
108 hours of growth. Total chromium [Cr (VI) + Cr (III)] was 
measured using a Perkin-Elmer Analyst 300 atomic absorp-
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tion spectrophotometer (AAS). Hexavalent Cr reduction 
was determined from the difference between total Cr and 
Cr (VI) and Cr (III) concentrations (20, 21).

3.6. Growth of Chromium (VI)-resistant Bacteria
The more Cr-resistant bacterial isolates (P. aeruginosa 

and S. marcescens) were inoculated into LB broth (a pH 
of 7.0) containing different concentrations of Cr (VI) (25, 
50, 100, and 150 mg/L) and incubated in an orbital shaker 
(200 rpm) at 30°C for 96 hours. The inoculum was 2% of 
the total volume of the medium. Samples were drawn at 
regular intervals of 12 hours. Bacterial cell density (dilut-
ed 10-fold with water) was determined by measuring the 
optical density at 600 nm using a UV-Vis spectrophotom-
eter (Shimadzu 1700, Japan) (22).

3.7. Survey on the Effects of Temperature and pH 
The effects of temperature and pH on the growth of se-

lected bacteria (P. aeruginosa and S. marcescens) and Cr 
(VI) reduction were investigated using an LB medium 
(5 mL) containing 50 mg/L of Cr (VI). To investigate tem-
perature’s effect, media were inoculated with 25 µL of 
overnight cultures of the bacterial isolates (OD600) and 
incubated at various incubation temperatures (25 - 45°C). 
To survey the effect of pH, a sterilized culture medium 
was adjusted to a pH of 5.0, 6.0, 7.0, 8.0, 9.0, and 10.0 with 
predetermined amounts of sterilized 0.1 N of HCl or 1 N of 
NaOH, and the inoculated tubes were incubated at 37°C 
in a water bath. Bacterial growth was measured after 72 
hours of incubation by measuring the optical density 
(OD) of cultures at 600 nm. The culture was centrifuged 
(10,000 rpm, 5 minutes) and the supernatant was used to 
determine the residual Cr (VI) concentration (23).

3.8. Statistical Analysis
Statistical analysis was performed by SPSS software, and 

the interpretation of data was done based on ANOVA and 
Duncan tests.

4. Results

4.1. Counting Bacteria
The logarithmic mean of the numbers of bacteria in the 

medium containing Cr (VI) in the spring (85.532 ± 2.25 
(CFU/g)) was significantly lower than the medium with-

out Cr (VI) (180.275 ± 3.72 (CFU/g)) in the same season (P 
< 0.01). In the summer season, the logarithmic mean of 
the bacterial count in the medium containing Cr (130.112 
± 3.92 (CFU/g)) was significantly lower than the medium 
without Cr (250.727 ± 5.23 (CFU/g)) (P < 0.01) (Figure 1).

4.2. Identification of Cr (VI)-resistant Bacteria
The results obtained from morphological and biochem-

ical tests are shown in Table 2. Six bacteria were identified 
as Cr (VI)-resistant bacteria, including Pseudomonas aeru-
ginosa, Bacillus cereus, Kelebsiella peneumoniae, Enterobac-
ter cloacae, Serratia marcescens, and Micrococcus luteus.

4.3. Minimum Inhibitory Concentration
The results of the MIC experiment indicated that P. ae-

ruginosa has the most resistance to Cr (VI), followed by S. 
marcescens, B. cereus, K. peneumoniae, E. cloacae, and M. lu-
teus, respectively (Table 3).

4.4. Cr (VI) Reduction Assay
The effects of initial Cr (VI) concentrations (25, 50, 100, 

and 150 mg/L) were investigated in the Cr (VI)-reducing 
ability of P. aeruginosa and S. marcescens. The results 
showed that the cells of both bacteria completely re-
duced 25 and 50 mg/L Cr (VI) in 36 hours and 48 hours, 
respectively. The reduction efficiency decreased with in-
creases in the Cr (VI) concentration and reached 66% and 
50% for P. aeruginosa and S. marcescens, respectively, at 150 
mg/L Cr (VI) (Figures 2 and 3).

4.5. The Rate of Growth 
Growth curves of P. auroginosa and S. marcescens in the 

LB broth medium (a pH of 7.0 and a temperature of 30°C) 
in the absence and presence of Cr (VI) at different concen-
trations of Cr (VI) (25, 50, 100, and 150 mg/L) are shown in 
Figures 4 and 5, respectively. As shown in Figures the the 
lag phase and optical density of bacteria greatly depend 
on the concentration of Cr (VI) in the medium. Bacterial 
growth was significantly influenced by Cr (VI) at the con-
centration of 150 mg/L, while 25, 50, and 150 mg/L Cr (VI) 
concentrations had only a slight effect on their growth. 
At 25 and 50 mg/L concentrations of Cr (VI), the lag phase 
was 12 hours, whereas in the presence of Cr (VI) concen-
trations of 100 and 150 mg/L, the lag phase was observed 
at 24 hours and 36 hours, respectively.

Table 1. Location of Sampling Stations

Station Region Coordinate

North East

1 River sediments under the Soltan Abad entrance bridge 29° 32ʹ 11.1ʺ 52° 33ʹ 12.2ʺ

2 River sediments under the Soltan Abad town center bridge 29° 31ʹ 12.7ʺ 52° 32ʹ 26.2ʺ

3 River sediments under the bridge of the Fasa Road Traffic Police 29° 29ʹ 07.6 52° 38ʹ 17.4ʺ
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4.6. Survey of the Effects of Temperature and pH
The optimum temperatures for growth and Cr (VI) reduc-

tion were between 30 and 40°C for both bacteria, P. aerugino-
sa and S. marcescens. The growth of both bacteria increased 
as the temperature increased up to 35°C and then decreased 
at 45°C. The Cr (VI) reduction by both bacteria also increased 
as the temperature increased up to 35°C and decreased 
above 40°C. However, more than 95% of Cr (VI) was reduced 
by both isolates between 25 - 45°C. No significant difference 
was observed in the growth of both isolates in the presence 
or absence of Cr (VI) at different temperatures (Figure 6). 
The bacterial isolates P. aeruginosa and S. marcescens can 
grow and reduce more than 95% of Cr (VI) in a wide range 
of pH levels between 5.0 to 8.0. The optimum pH for bacte-
rial growth and Cr (VI) reduction by both isolates was found 
to be between 7.0 and 8.0. Growth and Cr (VI) reduction was 
significantly reduced at a pH greater than 8.0 (Figure 7).
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Table 2. The Results of Morphological and Biochemical Tests
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B. cereus + + + Rod + - - - + - + + - K/A +

K. peneumoniae - - - Rod + - + - - + + - K/K +

E. cloacae - + - Rod + - - - - - + + - A/A +

S. marcescens - + + Rod + - - - - - + + - K/K +

M. luteus + - - Coccus - - - - + - + - - K/K -

Table 3. The Results of the MIC Test

Bacteria Chromium, mg/L Without Phenanthrene Without Bacteria

50 100 150 200 250

P. aeruginosa + + + + - + -

S. marcescens + + + - - + -

B. cereus + + - - - + -

K. peneumoniae + + - - - + -

E. cloacae + - - - - + -

M. luteus + - - - - + -
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Figure 2. Effect of Different Initial Cr (VI) Concentrations on Chromate 
Reduction by P. aeruginosa
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Figure 3. Effect of Different Initial Cr (VI) Concentrations on Chromate 
Reduction by S. marcescens
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Figure 4. Growth of P. aeruginosa at Different Concentrations of Cr (VI)
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Figure 5. Growth of S. marcescens at Different Concentrations of Cr (VI)
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5. Discussion
The biotransformation of highly toxic and mutagenic 

hexavalent Cr to relatively nontoxic trivalent Cr (III) form 
by chromate-reducing bacteria offers an economical as 
well as ecofriendly option for Cr bioremediation (6). In the 
current study, the logarithmic mean numbers of bacteria 
in the medium containing Cr (VI) in both the spring and 
the summer were significantly lower than the medium 
without Cr (VI) in the same seasons. This result showed that 
hexavalent Cr is a toxic substance for bacteria and inhibits 
their growth. In the present research, the MIC test was used 
to determine the most resistant isolated bacteria to Cr (VI). 
The results indicated that the most resistant bacteria be-
longed to P. aeruginosa and S. marcescens with MICs of 200 
and 150 mg/L, respectively. Moreover, no growth could be 
observed at a concentration greater than 200 mg/L. It can 
be concluded that high concentrations of Cr (VI) inhibit 
the growth of bacteria. Shekhar et al. (2014) showed that Cr 
(VI) reduction by isolates was considerable and the Pseudo-
monas sp. was also the most resistant bacterium with an 
MIC of 200 mg/L (24). In the current study, both P. aerugino-
sa and S. marcescens completely reduced 25 and 50 mg/L Cr 
(VI) after 36 h and 48 h, respectively. Dey et al. (2014) showed 
that cells of Arthrobacter sp. completely reduced 50 and 
100 µM of Cr (VI) in 24 hours and 48 hours, respectively (6). 
Thacker and Madamwar (2005) have shown that the bacte-
rial isolate DM1 reduces 50 mg/L of Cr to 0 mg/L in 54 hours. 
They added a second aliquot of Cr, which was reduced to 0 
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mg/L in 99 h, and the third aliquot was reduced to 21.8 mg/L 
in 126 hours (25). Likewise, chromate reduction by viable 
cells of different chromate-reducing bacterial isolates was 
found to be influenced by the initial Cr (VI) concentration 
(26). The present study showed that the complete reduc-
tion by selected isolates failed to occur at the higher initial 
Cr (VI) concentration (Figures 2 and 3), which also corrobo-
rates the findings of several others (23, 27). Such a decrease 
in bacterial capability for chromium reduction with an in-
creasing concentration of initial Cr (VI) might be due to the 
toxicity of chromium to viable whole cells. 

The growth of P. aeruginosa and S. marcescens decreased 
as the Cr (VI) concentration increased, and a lag phase of 
more than 12 hours was observed when they were exposed 
to a Cr (VI) concentration higher than 50 mg/L. The Cr (VI) 
concentrations from 25 to 100 mg/L had only a slight ef-
fect on the growth of the bacteria. When the Cr (VI) con-
centration increased to 150 mg/L, a drastic reduction in 
the bacterial growth rate was observed (Figures 4 and 5). 
This indicates that the growth of both bacteria was highly 
inhibited due to the toxicity of Cr (VI) at higher concentra-
tions. Our observations are in agreement with the work 
reported by Soni et al. (2013) and Singh et al (2013) (28, 29). 
Bae et al. (2000) reported that the E. coli growth rate de-
creased and the lag phase increased with increasing Cr (VI) 
concentrations in their medium. This was basically due 
to the inhibitory effect of higher Cr (VI) concentrations 
on the growth of organisms because each organism has a 
specific resistance at a specified growth condition. As the 
initial age of the inoculums remains fixed at 24 hours, the 
acclimatization period at varying Cr (VI) concentrations 
would not remain the same. Hence, the following behav-
ior was observed (30). Figures 2 - 5 show that the Cr (VI) 
reduction activity and the growth of P. aeruginosa and S. 
marcescens in the present study were dependent on each 
other. The growth of the cells stimulates Cr (VI) reduction, 
and efficient Cr (VI) reduction subsequently promotes bac-
terial growth (28, 31). This may be due to the nature of Cr 
(VI)-resistant bacteria that create a reducing environment 
to detoxify Cr (VI) for their own growth.

Environmental factors, such as temperature and pH, 
were found to influence the chromate-reducing potential 
of the viable cells of P. aeruginosa and S. marcescens (Fig-
ures 6 and 7) and regulate their metabolic activities. The 
optimum temperatures for growth and Cr (VI) reduction 
was between 30 and 40°C for both bacteria. The optimum 
temperature was between 35°C - 37°C for Ochrobactrum 
intermedium Rb-2 (32), Ochrobactrum sp. CSCr-3 (33), O. in-
termedium SDCr-5 (34), and Nesterenkonia sp. MF2 (35). It 
is presumed that the deviation of these factors from their 
optima might alter the chromate reductase activity due 
to changes in the conformation and/or ionization of the 
enzyme (36). In the current research, the optimum pH for 
growth and Cr (VI) reduction by both isolates was between 
7.0 and 8.0. More than 95% of Cr (VI) was reduced by both 
isolates between a pH of 5.0 and 8.0 and temperatures of 

25 - 45°C. However, a sharp decline in growth and Cr (VI) re-
duction was recorded at a pH of greater than 8.0. Thus, the 
results suggest that a slightly acidic medium (to a pH of 
8.0) was the most appropriate range to achieve maximum 
Cr (VI) reduction. This may be due to the highly stable na-
ture of Cr (VI) reductase enzyme so that changes in pH and 
temperature are not likely to affect the protein structure 
as well as the enzyme activity. The maximum growth of 
Bacillus isolates and Cr (VI) reduction were shown to be 
directly related to the optimum pH (8.0) (37). McLean et al. 
(2000) reported an optimum wide pH range between 6.0 
and 9.0 for Cr (VI) reduction by P. synxantha (34).

Our results in this study revealed that Cr (VI) concentra-
tions, pH levels, and temperature can be important envi-
ronmental factors to regulate bacterial metal tolerance. P. 
aeruginosa and S. marcescens, which can tolerate up to 150 
and 200 mg/L of Cr (VI) and have a reduction ability up to 
100% at optimized conditions, can be effective in remedia-
tion strategies for ecosystems polluted with hexavalent Cr.
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