
Introduction

Hexavalent chromium (Cr+6) is a common water
pollutant and is toxic to most organisms. Cr+6 is highly
soluble in water and forms divalent species, chromate
(CrO4

-2) and dichromate (Cr2O7
-2). Cr+6 is a strong oxidizing

agent. As a result of redox reactions, Cr+6 is reduced to
trivalent chromium Cr+3, which forms insoluble chromium
hydroxide at neutral pH. In biological systems, the cellular
membranes are permeable to Cr+6. Cr+6 passes through
the cellular membrane and is reduced to Cr+3 in
mitochondria and nuclei, as well as in cytoplasm.
Although Cr+3 is impermeable to the membrane, Cr+3

generated inside the cell binds stably to protein and
interacts with nucleic acid (1).

Microbial transformations for different metallic
minerals have been reported by Chiong et al. (2) and
Lebedeva and Lyalikova (3). The transformations include
redox conversions of inorganic forms, inorganic to
organic form and vice versa (4). Some microbial
transformations enable the bacteria to increase their
tolerance towards heavy metals (2). Bacterial reductions
have been found in metallic minerals such as manganese
(5), mercury (6) and selenite (7). The reduction of Cr+6

by sulfate reducing bacteria has been reported by Smith

(8), Shakoori et al. (9), Schmieman et al. (10), and
Rahman and Gul (11). Many other researchers (12-15)
have reported that bacterial strains such as Pseudomona
sp., Enterobacter sp. and Desulfovibrio also have the
ability to transform Cr+6 to Cr+3. In bacteria when the
reduction of Cr+6 takes place at the cell surface or by
bacterial metabolic products such as H2S, Cr+3 is observed
to form extracellular insoluble chromium hydroxides,
which subsequently precipitate in the medium. Thus Cr+6

is detoxified and immobilized. This unique ability of
bacteria to reduce Cr+6 may be of use as a promising
means of bioremediation of Cr+6 (16).

In the present study, a Cr+6 tolerant bacterial strain
was isolated from domestic sewage and the effects of
Cr+6 on its growth and Cr+6 reducing ability were
determined.  

Materials and Methods

Chromium compound

Potassium dichromate (K2Cr2O7) A.R. grade from
Sigma was used as the source of hexavalent chromium
(Cr+6).
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Isolation of Cr+6 resistant bacterium

The Cr+6 resistant bacteria were isolated by agar plate
technique. The basal medium (g/l) Polypeptone 5, meat
extract 5, NaCl 5, glucose 5, and agar 20 was used for
the isolation of the bacterium. The pH of the medium was
adjusted to 7.0 with 0.1 N NaOH. The chromium
compound was dissolved in distilled water, sterilized, and
added to the medium in 250 ppm concentration prior to
plating. These plates were then inoculated with a suitable
dilution of sewage. The colonies that appeared were
transferred to agar plates having basal medium
containing 500, 1000, 1500, and 2000 ppm Cr+6 for
screening of tolerant strains.

Identification of hexavalent chromium resistant
bacterium

Taxonomic studies of the selected Cr+6 resistant
bacterium were carried out according to Buchanan and
Gibbons (17). The isolated bacterium was identified by
the following taxonomic studies:

1. Morphological characteristics (shape and size,
gram reaction, motility)

2. Cultural characteristics (nutrient agar colonies,
slant culture, stab culture)

3. Physiological characteristics (gelatin liquification,
milk clotting, indol, H2S, NH3 production, Voges-
Proskauer reaction, Methyl red test, starch
hydrolysis, catalase and urease).

Inoculum Preparation

The basal medium without agar was used for the
preparation of inoculum. Sterilized 50 ml of medium in a
250 ml conical flask was inoculated with a loop of
isolated bacteria and incubated at 30 °C on rotatory
shaker rotating at 150 rpm for 18 h.

Bactericidal resistance to chromium compounds 

The bactericidal action of the chromium compound
was studied at a concentration of 3000 ppm for CrCl3
(trivalent, pH 5.0) and K2Cr2O7 (hexavalent, pH 7.0); 1
ml of bacterial inoculum having ~1.5 × 105 cells was
inoculated with 1 ml of 6000 ppm solution of the
respective chromium compound and incubated at 30 °C.
The samples were drawn after an interval of 0, 4, 8, 12,

16, and 20 min. A suitably diluted 0.5 ml sample was
transferred to nutrient agar plates and incubated at 30 °C
for 24 h. The number of colonies that appeared on
nutrient agar was counted and the surviving cells were
calculated as follows: 

Number of surviving cells per ml = Number of
colonies on plate × 2 × Dilution factor

The total number of killed bacteria was calculated by
the following formula:

Number of killed cells per ml = Initial number of cells
–– Number of surviving cells

Effect of hexavalent chromium on growth of the
isolated bacterium

These studies were carried out by inoculating medium
containing 250, 500, 1000, and 1500 ppm Cr+6 as
K2Cr2O7 with 30% inoculum V/V. The medium was
incubated at 30 °C with shaking at 150 rpm. The samples
were drawn at regular intervals of 6 h up to 60 h for
growth measurement (optical density at 600 nm (OD600).
The optical density of the medium was measured by
spectrophotometer (U2000, Hitachi).

Reduction of hexavalent chromium

The studies on the reduction of hexavalent chromium
were carried out for 1500 ppm Cr+6 in the basal medium
without agar. The medium was inoculated by 20% V/V
18-h-old inoculum and incubated at 30 °C with shaking
at 150 rpm. The samples were drawn at regular intervals
of 12 h up to 288 h for the estimation of reduced
hexavalent chromium. 

Effects of inoculum concentration on reduction of
hexavalent chromium

The effects of inoculum concentrations were studied
by adding inoculum 10%, 20%, and 30% V/V to the
medium containing 1500 ppm Cr+6 as K2Cr2O7. The
samples were drawn at regular interval of 12 h up to 96
h for estimation of reduced Cr+6. 

Analytical methods

Hexavalent chromium in the medium was determined
by diphenylcarbazide method (18). Total chromium was
assayed by AA spectrophotometer (2380, Perkin Elmer,
USA).
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Results and Discussion

Isolation and identification of Cr+6 tolerating
bacterium

The results of Cr+6 tolerant strains given in Table 1
show that 450 colonies appeared on basal medium
containing 250 ppm Cr+6. These isolates were then
transferred to the medium of higher concentrations of
Cr+6. Only one bacterial strain, C-171, appeared on
medium having 2000 ppm Cr+6. Hexavalent chromium is
known to be toxic for various bacteria, e.g., Bacillus
subtilis, Escherichia coli, and Proteus vulgaris, at low
concentrations (19). 

The bacterium C-171 was rod shaped and gram
negative, of size 0.55 × 1.52 µ and motile. The cultural
and physiological characteristics, given in Table 2, show
that the bacterium belongs to the genus Pseudomonas
and is named Pseudomonas sp. C-171.

Bacterial resistance to Cr+6 has been reported in
Pseudomonas ambigua (20), P. fluorescens (21), P.
auriginosa (22), Aeromonas dechromaticans (23),
Enterobacter cloaceae (11), and Desulfovibrio sp. (24).
Nucleotide sequence analysis of P. ambigua by Cervantes
et al. (22) revealed that a single open reading frame was
sufficient to determine the resistance to Cr+6.

Resistance of the organism to Cr+6

The resistance of the isolated strain (Pseudomonas sp.
C-171) towards the bactericidal action of Cr+6 was
studied by using 2 types of chromium compounds, i.e.
CrCl3 (trivalent, pH 5.0) and K2Cr2O7 (hexavalent, pH
7.0). The CrCl3 has no bactericidal effect while K2Cr2O7

exerted a powerful killing effect and killed more than
50% of cells in 20 min (Figure 1). The growth curves of
Pseudomonas sp. C-171 at different concentrations of
Cr+6 as K2Cr2O7 revealed that the rate of growth
decreased with the increase in Cr+6 (Figure 2). When
Pseudomonas sp. C-171 was grown in medium above
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Table 2. Characteristics of Cr+6 tolerating bacterium.

1. Morphological characteristics

a. Shape and size: Rod with rounded ends, 0.55 × 1.52 µ

b. Motility: Motile

c. Gram reaction: Negative

d. Growth: Aerobic

2. Cultural Characteristics

a. Nutrient agar colonies: Circular, Smooth Convex, Translucent, Pigment produced

b. Slant culture: Abundant, spreading growth

c. Stab culture: Filiform

3. Physiological Characteristics

a. Gelatin liquification Positive

b. Indol Negative

c. H2S Production Positive

d. Starch Hydrolysis Negative

e. Catalase Positive

f. Urease Negative

g. Methyl red test Negative

h. Voges-Proskauer reaction Positive

Table 1. No. of Cr+6 tolerant strain’s colonies on agar plates.

S. no. Concentration of No. of tolerant strain’s
Cr+6 (ppm) colonies

1 250 450

2 500 165

3 1000 20

4 1500 5

5 2000 1



250 ppm Cr+6, the accumulation of precipitates of
chromium hydroxide (Cr(OH)3) around the bacterial cells
and slight elongation of bacterial cells were observed. The
accumulation of chromium hydroxide around the cells
may have a protective effect against Cr+6 by limiting the
contact of Cr+6 with the bacterial cells and consequently
increase the tolerance of the bacterium towards toxicity.

Shimada and Matsushima (19) observed the elongation of
cells above 1000 ppm K2CrO4 concentration. 

Growth of Pseudomonas sp. C-171 and Reduction
of Cr+6

Figure 3 shows the growth of Pseudomonas sp. C-
171 and course of the Cr+6 reduction. Initially the rate of
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Figure 1. Killing curve of Pseudomonas sp. C-171 in different
chromium compounds.
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Figure 2. Growth curves of Pseudomonas sp. C-171 at various
concentrations of Cr+6.
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Figure 3. Reduction of Hexavalent chromium by Pseudomonas sp. C-171.



growth was slow due to the killing effect of Cr+6, which
was subdued with the passage of time. The accumulation
of Cr(OH)3 around the bacterial cells probably protected
them from the bactericidal effect of Cr+6. The rate of Cr+6

reduction was slower during the lag (0 to 24 h) and
stationary phase (96 to 288 h) than in the log phase (24
to 96 h). The rate of Cr+6 reduction during the log phase
of Pseudomonas sp. C-171 was because of the faster
growth and maximum production of H2S gas. This figure
also revealed that the reduction of Cr+6 is directly related
to the production of H2S. The accumulation of Cr(OH)3

around the bacterial cells during the stationary phase of
bacterial growth decreased the availability of H2S for
reaction with chromium, which consequently
decreased/stabilized the rate of Cr+6 reduction. 

Effect of inoculum concentration on reduction of
Cr+6

The results depicted in Figure 4 show that the rate of
Cr+6 reduction was dependent upon the concentration of
inoculum. The increase in the inoculum concentration
increased the reduction of Cr+6. Maximum reduction of
1125 ppm was recorded with a 30% V/V inoculum
concentration. This reduction was ~ 4-fold greater than
with 10% and ~ 1.50-fold greater than with 20%
inoculum. As the Pseudomonas sp. C-171 is H2S positive
and produces H2S during its growth, the increase in the
inoculum size provided a higher number of bacterial cells,
which in turn increased the rate of H2S production, thus
quickening the reduction of Cr+6. The H2S produced by
the bacterium reacts with chromium to form chromium
sulfide, which is not stable in aqueous solution and is
rapidly deposited in the form of Cr(OH)3. Smillie et al.
(25) reported reduction of Cr(VI) by bacterially produced
H2S in a marine environment. Fude et al. (15) also
confirmed the mechanism of reduction of Cr(VI) through
bacterially generated H2S. The increase in inoculum size
also increased the initial rate of Cr+6 reduction. The
dependence of Cr+6 reductions on the cell density has also
been reported by Wang et al. (12).
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Figure 4. Effect of inoculum concentration on reduction of Cr+6 by
Pseudomonas sp. C-171.
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