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Abstract
Chromium (VI) is one of the toxic heavy metals causing various human ailments like asthma to severe forms of cancer; 
hence, its removal from industrial effluents is essential. The present study demonstrates ameliorating techniques for the 
removal of Cr(VI). A chromium-reducing bacterium (CRB) identified as Ochrobactrum pseudintermedium ADV31 through 
16S rRNA gene sequencing, was found to remove concentrations of Cr(VI) up to 600 mg/L in nutrient medium. Calcium 
alginate (CA) and polyurethane foam (PUF) were the two different materials used for the immobilization of Ochrobactrum 
pseudintermedium ADV31. The efficiency of the immobilized cells and free form of bacterial cells with inoculum con-
centrations of 1% and 5% were compared for the removal of Cr(VI). Calcium alginate with 5% inoculum concentrations 
showed removal of 82% of 600 mg/L in 5 days, while PUF with 5% inoculum size showed removal up to 86% of 600 mg/L 
in 5 days. Free form of bacterial cell was able to remove 36.7%. The bacterium was able to tolerate a wide range of pH 
ranging from 6 to 9 and had an optimum temperature of 45 °C. The results confirmed that both forms of immobilization 
methods are equally effective for the removal of hexavalent chromium and can be used for various biotechnological 
processes for the metal bioremediation.
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1  Introduction

Chromium occurs naturally in animals, plants, rocks, soils, 
volcanic eruptions and gases. The different oxidation 
states of chromium range from divalent to hexavalent 
with Cr(III) and Cr(VI) being the most stable states. Triva-
lent chromium (Cr III), when taken in moderate amounts, 
is an essential trace element [1], whereas Cr(VI) is highly 
toxic, carcinogenic and mutagenic [2–4]. Anthropogenic 
sources of chromium contaminating the environment are 
industries that involve electroplating, steel production, 
leather tanning, wood treatment and textile dyeing activi-
ties which release large amounts of chromium in its efflu-
ent [5, 6]. Cr(VI) being highly soluble tends to contaminate 

groundwater sources, and its concentration goes beyond 
its permissible limit (0.05 mg/L) in drinking water [7]. On 
the other hand, occupational exposure to it can cause 
asthma, dermatitis, skin and nasal ulceration and other 
allergic reactions [8]. At the cellular level, Cr(VI) finds its 
way into the cells via the sulfate uptake pathway due to its 
structural similarity with sulfate [9]. Once Cr(VI) crosses the 
plasma membrane, it gets reduced mediated by soluble 
cytosolic reductases. During the process, various reactive 
oxygen species such as singlet oxygen, superoxide [10], 
hydrogen peroxide radicals and hydroxyl ion [11] are pro-
duced which easily combine with DNA, thus disrupting the 
normal physiological processes [12].
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Owing to various adverse effects of chromium, 
removal of chromium (VI) from contaminated environ-
ments and preventing its release into the ecosystem 
from anthropogenic sources is required (US EPA) [13]. 
One such treatment approach is bioremediation which 
is environment-friendly and cost-effective as compared 
to conventional physico-chemical methods which have 
drawbacks such as the generation of toxic sludge, higher 
reagent and incomplete metal removal. Bioremediation 
involves the removal of pollutants from the environment 
using microorganisms and plants [14–16]. Bacteria capa-
ble of reducing Cr(VI) are named chromium-reducing 
bacteria (CRB) [17]. Pseudomonas dechromaticans, iso-
lated from sewage sludge, was the first to be found to 
reduce Cr VI [18]. Earlier more focus was given on facul-
tative anaerobic bacteria such as Aeromonas, Aerococcus 
and Micrococcus [19]. Later, bacteria capable of reducing 
Cr(VI) aerobically like Thermus scotoductus were identi-
fied [20]. Polti et al. 2007 [21] identified ten genera of 
Streptomyces and one Amycolatopsis which were Cr(VI) 
resistant. Various mechanisms have been developed 
by microbes to resist the toxic chromium, regulation 
of sulfate uptake shuttle systems that are involved in 
cellular accumulation [22], and bacteria cell surfaces 
possess functional groups which reduce Cr(VI) to Cr(III) 
extracellularly [23]. It also includes adsorption of Cr(VI) 
to functional group followed by reduction in the cell 
membrane [20, 24], activation of scavenging enzymes 
such as catalase, superoxide dismutase to counter chro-
mate-induced oxidative stress [25, 26] and DNA damage 
repair system by SOS response [26, 27]. Therefore, the 
microbial response to the toxicity of heavy metal plays 
an important role in re-establishing the polluted areas. 
For better operational stability, reusability and higher 
efficiency, the application of immobilized enzymes or 
whole cell is proved to be advantageous.

The present study envisages isolation and identifica-
tion of a CRB from sewage which can efficiently remove 
higher concentrations of Cr(VI) aerobically. Further 
increase in removal efficiency is attempted through 
immobilization of the bacterium via entrapment and 
adsorption on inert materials.

2 � Materials and methods

2.1 � Isolation of chromium‑resistant bacteria

The bacterial cell culture was isolated from sewage in a 
previous study that was carried out by CSIR NEERI, Mum-
bai, India

2.2 � Maximum tolerance concentration

This test was performed by agar well diffusion method in 
which bacterial culture was bulk seeded in nutrient agar 
followed by the addition of varying Cr(VI) concentrations 
in mg/L (200, 400, 600, 800, 1000) in the bored wells. The 
maximum tolerance level is the maximum concentration 
of chromium in the nutrient medium in which the growth 
of the organism is supported.

2.3 � Growth studies of isolated bacterial culture

The isolated bacterial strain was grown in tryptic soy broth, 
and the cells were separated by centrifugation (5000 g for 
10 min at 10 °C). After washing the cells twice with saline 
water, they were resuspended in the phosphate buffer 
(0.1 M NaH2PO4-Na2HPO4; pH, 7.2). The bacterial cells were 
inoculated in conical flasks containing 100 mL sterile nutri-
ent broth having three different concentrations (200, 400, 
600 mg/L) of chromium as chromate salt. It was then incu-
bated in shaking conditions at 120 rpm at 35 ± 2 °C. Optical 
density was measured at 600 nm at intervals of 30 min. 
Absorbance was checked till constant optical density was 
reached. Optical density versus time graph was plotted.

2.4 � Identification of isolated bacterial culture

The identification of bacterial culture was done using 16S 
rRNA sequencing. Spin column kit (HiMedia, India) was 
used for the extraction of chromosomal DNA. Using a 
polymerase chain reaction, the bacterial 16S rRNA gene 
(1500 bp) was amplified in a thermal cycler. The purifi-
cation of extracted DNA was done using Exonuclease I 
Shrimp Alkaline Phosphatase (Exo-SAP). The sequencing 
of purified amplicons was done by the Sanger method 
in ABI 3500xL genetic analyzer (Life Technologies, USA). 
Sequencing files (ab1) were edited using CHROMASLITE 
(version 1.5) and further analyzed by BLAST (Basic Local 
Alignment Search Tool) with the closest culture sequence 
obtained from the NCBI (National Centre for Biotechnol-
ogy Information database) that finds regions of local simi-
larity between sequences.

2.5 � Optimum pH and temperature in presence 
and absence of varying amount of chromium 
(VI)

The influence of pH and temperature on growth was 
assessed. pH ranging from 4 to 9 was used to check the 
optimum pH, whereas exposure to different temperatures 
such as 4 °C, 15 °C, 30 °C, 45 °C and 70 °C was used to 
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determine the optimum temperature for the growth of 
the bacterium. The test system consisted of sterile nutrient 
broth supplemented with varying concentrations of Cr(VI). 
Eighteen-hour-old actively grown culture was inoculated 
in the test system, and the tubes were incubated at respec-
tive temperatures for 24 h. Media control was prepared in 
the same way as the test system but without the addition 
of culture. Positive and negative control was also prepared. 
Growth in the form of turbidity was measured at 660 nm.

2.6 � Immobilization of the isolated bacteria

Two different materials, calcium alginate (CA) and polyure-
thane foam (PUF), were used for the immobilization of bac-
terial culture. In total, 1% sodium alginate was prepared by 
dissolving 1 g of alginate in 100 mL hot distilled water with 
constant stirring. At room temperature, bacterial culture 
was added to the slurry of sodium alginate at two differ-
ent concentrations (1% and 5%) under constant stirring 
conditions for even dispersal. Sterile syringe of 10 mL was 
used, and the slurry solution was dispersed dropwise into 
0.2 M calcium chloride solution. Curing of gel beads was 
done for 2 h at 4 °C and then was washed thoroughly with 
distilled water. Control beads were prepared similarly but 
without the addition of bacterial culture. In total, 50 mL 
of sterile nutrient broth was inoculated with two inocu-
lum sizes of 1% and 5% for PUF with varying surface areas 
(30 cm2, 60 cm2 and 90 cm2). Flasks were incubated at 
37 °C under shaking conditions for 48 h for the formation 
of biofilm on PUF. After 48 h, PUF was washed with sterile 
distilled water to remove the unattached cells.

2.7 � SEM analysis of polyurethane foam

PUF from the control and test system was removed and 
washed with phosphate buffer (0.1 M NaH2PO4-Na2HPO4; 
pH, 7.2). The internal structure of PUF was observed under 
a scanning electron microscope for the formation of the 
biofilm.

2.8 � Batch studies for removal of chromium (VI)

Batch studies were carried out in triplicates. In total, 
7.062 g of K2Cr2O7 was weighed and dissolved in 50 mL 
of distilled water giving a concentration of 50,000 μg/mL 
of Cr (VI). The stock solution was further diluted as per the 
desired concentration. Batch studies were carried out in 
250-mL Erlenmeyer flask. Experiments were conducted 
for varying concentrations of chromium (VI) (200, 400, 
600 mg/L). The flasks were incubated at room tempera-
ture (30 °C) with continuous shaking at 150 rpm. At time 
interval of 1, 3 and 5 days, aliquots of the samples were 
removed and filtered through bacteria proof filter (0.45 
microns) and the concentration of chromium in the filtrate 
was checked using Inductively Coupled Plasma-Optical 
Emission Spectrometry (ICP-OES, Thermo Scientific, Model: 
iCAP 6300 Duo) which measures the total chromium. The 
efficiency of chromium (VI) removal by immobilized cells 
was further compared with the removal by free bacterial 
cells.

2.9 � Analysis of chromium (VI)

Absorbance of reference solutions and samples was meas-
ured using ICP-OES, and the background correction was 
performed with a blank solution. The percentage removal 
of chromium (VI) was calculated [28].

3 � Results and discussion

3.1 � Maximum tolerance concentration

The tolerance to Cr(VI) by the isolate was tested with 
different concentrations of Cr(VI) ranging from 200 mg/L 
to 1000 mg/L. The isolate showed a maximum tolerance 
concentration (MTC) value of 600 mg/L of Cr(VI) (Fig. 1). 
At a concentration of 800 and 1000  mg/L, a zone of 
inhibition was observed, indicating the inability of the 

Fig. 1   Maximum tolerance 
test inhibition at 800 mg/L and 
1000 mg/L of chromium (VI)
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isolated bacterial strain to grow at these concentrations. 
Other researchers have also isolated bacterial species 
for chromium removal, but they tolerate chromium of 
lower concentration than what has been reported in 
this study. Megharaj et al. 2003 [29] observed that the 
bacterial strain Arthrobacter spp. could resist 100 mg/L 
Cr(VI), while Bacillus sp. resisted only 10 mg/L. It was also 
seen that chromium-resistant bacteria isolated from tan-
neries could resist up to 250 mg/L [30]. Upadhyay et al. 
[31] found that Bacillus subtilis MNU 16 tolerated and 
reduced up to 36.77 mg/L of chromium concentration 
within 72 h.

3.2 � Growth study of culture in the presence 
of chromium (VI)

The growth curve was made by inoculating the cul-
ture in nutrient broth with different concentrations of 
Cr(VI) and taking readings at intervals of 30 min. The 
growth of bacteria in the nutrient media without Cr(VI) 
was rapid and achieved its logarithmic phase within 
2 h. On the contrary, the lag phase in the presence of 
Cr(VI) was found to be 8 h (Fig. 2). Similarly, Faisal et al. 
[32] in his study found that the attainment of the log 
phase by Brevibacterium CrT-13 took 4 h when nutrient 
media were supplemented with K2CrO4. Guo et al., 2010 
[33] studied endophytic bacteria for removal of various 
heavy metals. It was found that bacteria showed a high 
amount of ATPase activity when the media were sup-
plemented with toxic metals. It is well known that there 
is a great demand for energy to cope with the toxicity 
of the compounds [34]. Similarly, the bacterial species 
in the present study took a longer lag phase which is 
probably to generate high energy to overcome the toxic 
effects of Cr(VI).

3.3 � Identification of isolated bacterial culture

The bacterial culture was identified as Ochrobactrum 
psuedintermedium strain ADV31 by 16S rRNA sequencing 
(through neighbor-joining method) with a total score of 
2353 and 99.39% similarity index (Fig. 3). Ochrobactrum 
psuedintermedium is gram-negative, motile and nonspore-
forming bacteria. It belongs to α-proteobacteria subclass. 
Ochrobactrum spp. like Ochrobactrum sp. strain CSCr-3 [35], 
Ochrobactrum anthropi [36], Ochrobactrum intermedium 
SDCr-5 [37] are widely used for bioremediation of heavy 
metals and have been previously isolated from chromium-
contaminated soils. However, Ochrobactrum psuedinterme-
dium ADV31 for removal of Cr(VI) has not been previously 
mentioned in the literature.

3.4 � Optimum pH and temperature in the presence 
of varying amounts of Cr(VI)

Heavy metal tolerance capacity can be affected by certain 
environmental parameters, such as temperature and pH. 
Under optimum conditions the growth is faster as well as 
enzymatic activity is higher. Optimum pH for Ochrobac-
trum pseudintermedium ADV31 was found to be 6 (Fig-
ure 4a). However, this bacterium could resist and grow 
in the pH range from 6 to 9. The reason for investigating 
the effect of pH on heavy metal tolerance by bacteria is 
because at very low pH (< 4) the heavy metal tolerance 
ability is reduced, and this is due to competition of hydro-
nium ions (H3O+) with heavy metals for binding sites on 
the microbial surface [38]. Another environmental param-
eter which affects heavy metal tolerance is temperature 
since it is directly linked to microbial growth and metabo-
lism. The results obtained showed that 45 °C was found to 
be the optimum temperature (Fig. 4b).

Fig. 2   Growth curve of Ochro-
bactrum pseudintermedium 
ADV31 in the presence and 
absence of chromium (VI)
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3.5 � SEM analysis of polyurethane foam

The internal structure of control PUF and test PUF was ana-
lyzed using a scanning electron microscope (Fig. 5). PUF 
has a porous structure. It is chemically inert and mechani-
cally stable concerning abrasion. The microscopic figure 
clearly shows that the PUF, used as a support for biofilm 
formation, showed dense bacterial growth of Ochrobac-
trum pseudintermedium ADV31. The size of the bacteria 
was between 1.36 and 2.085 µm. From the above results, 
it can be concluded that PUF proves to be an excellent 
support material for biofilm formation.

3.6 � Batch studies for removal of chromium (VI)

Calcium alginate and PUF were used for the immobiliza-
tion of Ochrobactrum pseudintermedium ADV31 cells, and 
their performance with respect to Cr(VI) removal and 
bead integrity for calcium alginate was observed. It was 
found that calcium alginate and PUF were much more effi-
cient as compared to the free form of the bacterial cells. 
At a lower concentration of 200 mg/L of Cr(VI), free cells 
were found to be as effective as immobilized cells. As the 
concentration of Cr(VI) was increased, the toxicity to free 
bacterial cells was much more than to the immobilized 
cells (Figs. 6, 7, 8). This is attributed to the entrapment of 
the cells inside the matrix which serves as a protective 
barrier for the bacterial cells. Although the duration for 

biofilm formation given was only 48 h, efficient chromium 
removal was observed. However, an increase in the incu-
bation period for biofilm formation may give much more 
effective results. Kavita et al. [39] in her study found that 
Ochrobactrum intermedium BCR400 could reduce 31.2% 
of 400 mg/L Cr(VI) in 52 h, whereas our study reveals that 
Ochrobacterum pseudintermedium ADV31 was able to 
remove 45% and 59% of 400 mg/L by free bacterial cells 
and PUF, respectively, in 24 h. Also, Rehman et al. [40] 
reported a 91% reduction of 100 mg/L of Cr(VI) in 96 h, 
while O. pseudintermedium ADV31could remove 91.5% of 
200 mg/L Cr(VI) in 72 h when immobilized on PUF. It was 
also seen that 1% calcium alginate beads were found to be 
stable in the present study for a period of 5 days. In a study 
carried out by Pal et al. [41], the reduction of chromate 
by B. sphaericus cells was performed using different inert 
materials. It was observed that 87.5% of 20 µM Cr(VI) was 
achieved by PVA-alginate immobilized cells after incuba-
tion for 24 h. Agar–agar, agarose and PVA borate beads lost 
its integrity and were unstable within 18–24 h.

4 � Conclusion

It is evident from the present findings that Ochrobactrum 
pseudintermedium ADV31 is not only resistant to chro-
mium (VI) toxicity, but can grow and is capable of remov-
ing toxic Cr(VI) up to 600 mg/L. It was also observed that 

Fig. 3   Phylogenetic tree of isolated bacteria and closely related 
species based on 16S rRNA gene sequences. The tree was con-
structed using the neighbor-joining method. The optimal tree with 
the sum of branch length = 0.32362990 is shown. The numbers at 

nodes indicate the percentages of occurrence of the branching 
order in 1000 bootstrapped trees. The evolutionary distances were 
computed using Jukes–Cantor method
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the immobilized cells are more efficient than the free 
form of a bacterial cell. The effectiveness of the immobi-
lized cells increased as the inoculum size increased. Also, 
the bacterium was able to grow in a wide range of pH. 
This indicates that the bacteria can resist pH shock and 
can effectively remove Cr(VI) from industrial effluents 
with varying pH. A temperature of 45 °C was found to 

be optimum, indicating that Ochrobactrum pseudinter-
medium ADV31 is mesophilic. Since industrial effluents 
are released in large quantities, the use of biosorbents in 
immobilized form can prove to be an excellent low-cost 
means for bioremediation of toxic metals present in the 
environment.

Fig. 4   a Effect of pH at 37 °C 
on growth of Ochrobactrum 
pseudintermedium ADV31 
under varying concentrations 
of Cr(VI), b Effect of tem-
perature at pH 7 on growth of 
Ochrobactrum pseudinterme-
dium ADV31 under varying 
concentrations of Cr(VI)
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Fig. 5   Scanning electron micrographs of internal structure of PUF. a Control PUF. b, c, d Test PUF with bacterial growth (×2000, ×5000, 
×10000 magnification)

Fig. 6   Chromium (VI) removal 
as chromate at 1% and 5% 
inoculum concentrations 
(1-day treatment time)
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