
Al-Azhar Bulletin of Science Al-Azhar Bulletin of Science 

Volume 34 Issue 2 Article 2 

2023 

Section: Botany and Microbiology 

Detoxification of Hexavalent Chromium Using Biofilm Forming Detoxification of Hexavalent Chromium Using Biofilm Forming 

Paenochrobactrum pullorum Isolated from Tannery Wastewater Paenochrobactrum pullorum Isolated from Tannery Wastewater 

Effluents Effluents 

Mohamad Mohamad Elshabrawy 
Botany and Microbiology Department, Faculty of Science (Boys), Al-Azhar University, Cairo, Egypt, 
M.elshabrawy92@gmail.com 

Ahmed Ibrahim Labena 
Egyptian Petroleum Research Institute (EPRI), Nasr City, Cairo 11727, Egypt 

Said Elsayed Desouky 
Botany and Microbiology Department, Faculty of Science (Boys), Al-Azhar University, Cairo, Egypt 

Mohammed Gamal Barghoth 
Botany and Microbiology Department, Faculty of Science (Boys), Al-Azhar University, Cairo, Egypt 

Mohamed Salah Azab 
Botany and Microbiology Department, Faculty of Science (Boys), Al-Azhar University, Cairo, Egypt 

Follow this and additional works at: https://absb.researchcommons.org/journal 

How to Cite This Article How to Cite This Article 
Elshabrawy, Mohamad Mohamad; Labena, Ahmed Ibrahim; Desouky, Said Elsayed; Barghoth, Mohammed 
Gamal; and Azab, Mohamed Salah (2023) "Detoxification of Hexavalent Chromium Using Biofilm Forming 
Paenochrobactrum pullorum Isolated from Tannery Wastewater Effluents," Al-Azhar Bulletin of Science: 
Vol. 34: Iss. 2, Article 2. 
DOI: https://doi.org/10.58675/2636-3305.1642 

This Original Article is brought to you for free and open access by Al-Azhar Bulletin of Science. It has been 
accepted for inclusion in Al-Azhar Bulletin of Science by an authorized editor of Al-Azhar Bulletin of Science. For 
more information, please contact kh_Mekheimer@azhar.edu.eg. 

https://absb.researchcommons.org/journal
https://absb.researchcommons.org/journal/vol34
https://absb.researchcommons.org/journal/vol34/iss2
https://absb.researchcommons.org/journal/vol34/iss2/2
https://absb.researchcommons.org/journal?utm_source=absb.researchcommons.org%2Fjournal%2Fvol34%2Fiss2%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.58675/2636-3305.1642
mailto:kh_Mekheimer@azhar.edu.eg


ORIGINAL ARTICLE

Detoxification of Hexavalent Chromium Using
Biofilm-forming Paenochrobactrum pullorum Isolated
from Tannery Wastewater Effluents

Mohamad Mohamad Elshabrawy a,*, Ahmed Ibrahim Labena b, Said Elsayed Desouky a,
Mohammed Gamal Barghoth a, Mohamed Salah Azab a

a Botany and Microbiology Department, Faculty of Science (Boys), Al-Azhar University, Cairo, Egypt
b Egyptian Petroleum Research Institute (EPRI), Nasr City, Cairo 1727, Egypt

Abstract

Bioremediation of wastewater using microbes that can detoxify the harmful effects of Cr-VI is considered. Ninety-two
isolates were collected from tannery effluents and screened based on their abilities to remediate hexavalent chromium
using the LB agar medium supplemented by K2Cr2O7 as a source of Cr-VI. Of the total isolates, 44 isolates can grow at
200 ppm of CR-VI, while 7, 6, 21, 11, and 3 isolates showed growth at concentrations of 400, 600, 800, 1000, and 1200 ppm
of Cr-VI, respectively. Furthermore, the determination of Cr-VI reduction efficiency for isolates was performed using the
1,5-diphenylcarbazide (DPC) method, and the highest reduction efficiency (70.6%) was achieved by isolate 16 R. This
isolate was identified genetically based on the 16S rRNA gene with a higher similarity of 99.83% to Paenochrobactrum
pullorum, and the genetic tree relationship was constructed. The optimization process was conducted to obtain the
optimal reduction conditions, including contact time, pH, temperature, inoculum size, and Cr-VI concentration, using the
one-factor-atea-time (OFAT) method. The highest chromium reduction efficiency increased to 92.5% after optimization
for the most potent isolate at pH 9, temperature 30e35 �C, and inoculum size 3e4 ml after 5 days of incubation; biofilm
formation was also represented. This study is the first to prove the chromium-reducing characteristic of this strain, along
with its ability to form a biofilm, which strongly enhances the use of this strain in reduction and biological treatment
processes in wastewater treatment contaminated with Cr-VI.

Keywords: Biofilm remediation, Chromium-detoxification bacteria, Hexavalent chromium, Paenochrobactrum pullorum,
Wastewater treatment

1. Introduction

A ll living things depend on water to survive
[1]. Globally, water pollution is becoming a

major problem that causes illnesses and mortality.
Every day, approximately 14,000 people die as a
result of water contamination [2,3]. Industrial
effluent contamination of water was the most com-
mon type of pollution because of the recent rapid
industrialization of technology [4]. Several industrial
sectors, including metalworking, tanneries, wood
conservation, steel manufacture, etc., may introduce

toxic metals into the ecosystem through the disposal
of wastewater [5e7].
Chromium is a contaminant that has been

released by a variety of industrial activities. The
environment and human health are both signifi-
cantly impacted by its toxic effects [8e10]. Only the
trivalent and hexavalent forms of chromium, which
exist in nine valence levels ranging from �2 to þ6
are significant ecologically based on their stability in
nature [11].
The physicochemical characteristics and biolog-

ical reactivity of trivalent and hexavalent chromium
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have different features. While Cr-VI dissolves easily
in water, Cr-III is much more difficult to dissolve. In
addition, it is known that Cr-VI is very carcinogenic,
poisonous, and mutagenic, while Cr-III is a popular
dietary supplement and an essential trace element
for the metabolism of glucose, lipids, and amino
acids [12e14].
To reduce the toxic effect of chromium on eco-

systems, we must treat the effluents discharged
from tanneries. There are many traditional methods
used for reducing chromium, either physically
(membrane filtration) or chemically (ion exchange,
precipitation). These treatments are useless and
very expensive at the small-scale level for treating
wastewater with metal concentrations below the
range of 100 ppm. Therefore, these technologies
must be replaced by much more efficient, inexpen-
sive, and environmentally friendly methods that can
successfully reduce small concentrations of chro-
mium [9,15e18].
Numerous studies have demonstrated the use of

microbes and their enzyme activities to reduce Cr-VI.
It is thought to be one of the most advantageous and
useful strategies for converting Cr-VI to the signifi-
cantly less toxic Cr-III [19], being economical and
environmentally pleasant in comparison to conven-
tional techniques [20]. In 1977, Pseudomonas from
chromate-contaminated sewage sludgewas identified
as the first bacterial strain. Other strains that have
been reported as chromium-reducing strains include
Pseudomonas ambigua, Pseudomonas aeruginosa, Pseu-
domonas fluorescens, Bacillus. Subtilis, Bacillus cereus,
Achromobacter eurydice, Escherichia coli, Micrococcus
roseus, Enterobacter cloacae, Desulfovibrio vulgaris, and
Desulfovibrio desulfuricans [21]. A cost-effective and
environmentally friendly way to treat wastewater is
through the biological reduction of Cr-VI by micro-
organisms isolated from effluents [22,23].
Biofilm is defined as a microorganism assemblage

enclosed in a self-produced matrix of extracellular
polymeric substances composed of carbohydrates,
water, proteins, and DNA [24]. Observations of bio-
film resistance to high-stress conditions have found
their way into the bioremediation process [25].
Biofilm-mediated remediation is a cost-effective

and environmentally friendly method of cleaning up
environmental pollutants [26] because they immo-
bilize, absorb, and degrade a range of environmental
contaminants [25]. The role of the biofilm matrix is to
protect microbes from severe growth conditions such
as desiccation, antimicrobial agents, high acidity,
high shear stress, and high concentrations of toxic
elements [27,28]. Therefore, the purpose of this
research is to isolate, screen, and identify indigenous
biofilm-forming and chromium-detoxifying bacteria

from industrial wastes and determine the optimal
reduction conditions, including contact time, pH,
temperature, inoculum size, and Cr-VI concentra-
tion, for the most promising strain.

2. Materials and methods

2.1. Chemicals

Analytical-grade chemicals, reagents, and micro-
biological media were used. Potassium dichromate
(K2Cr2O7; Merck Millipore Ltd, Bangalore, India)
was used to prepare Cr-VI solutions by dissolving in
deionized water. 1,5-Diphenylcarbazide has been
used for the chromium reduction assay and was
prepared by dissolving in 95% acetone [22].

2.2. Sample collection

Samples were collected from the tannery indus-
trial area at the Robbiki Leather City, Cairo, Egypt,
and brought to the lab in sterile bottles and kept at
4 �C, where they were used as an inoculum source
to get the bacterial isolates that could reduce Cr-VI
under aerobic conditions.

2.3. Isolation and selection of the most promising
Cr-VI-tolerant bacterial strains

Isolation of the bacterial isolates was done using
an enrichment culture technique [29]. LuriaeBertani
Broth supplemented with K2Cr2O7 at 200 ppm as a
source of Cr-VI and 1 ml of wastewater sample that
was serially diluted were incubated by shaking at
170 rpm for 12 h at 37 �C. After 12 h, isolate the
enriched cultures by spreading them on LB agar
plates with 200 ppm of K2Cr2O7 and incubating
them for 24e36 h at 37 �C. Bacterial colonies with
different morphologies were obtained after several
streaking and purification. From this preliminary
screening, strains that demonstrated good growth
with chromium resistance were chosen for further
studies [30]. Moreover, to determine the most potent
bacteria that can tolerate Cr-VI, the growing bacte-
ria were inoculated in LB agar supplemented with
400, 600, 800, 1000, 1200, and 1400 ppm of K2Cr2O7 at
37 �C for 72 h [22,31]. All the obtained isolates were
first screened for tolerance against Cr-VI, and the
most promising bacteria were selected to be
screened for chromium reduction [20,29].

2.4. Assay of chromium reduction efficiency

The Cr-VI reduction was detected by the 1,5-
diphenylcarbazide (DPC) method [22] when
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measured by spectrophotometry at 540 nm. The
presence of Cr-VI is shown by the purple color
complex that was formed. Using a standard curve
made from a standard solution of K2Cr2O7, the
following equation was used to determine Cr-VI
reduction efficiency of the isolates [32]:

Removal efficiency ð%Þ¼Co �Ce

Co
� 100 ð1Þ

Co is the initial concentration of Cr-VI in ppm
and Ce is the final concentration of Cr-VI in ppm.

2.5. Identification of the most potent bacterial
isolates by 16S rRNA

A promising approach for identifying the phylo-
genetic relationships between bacteria is 16S rRNA
gene sequencing, which is used to identify bacteria
from a variety of sources [33]. Online BLAST search
tools (http://www.ncbi.nlm.nih.gov/BLAST) were
used to compare the acquired sequences to known
sequences in the NCBI database, and the similarity
and homology of the resulting 16S rRNA sequence
were investigated, and the evolutionary history was
then inferred [34]. By automatically applying the
BioNJ algorithms and Neighbor-Join, pairwise dis-
tances obtained with the Tamura-Nei model are
applied to a matrix [35].

2.6. Detection of biofilm formation

Supplementing the brain-heart infusion medium
(BHI) with 5% sucrose and Congo red is required for
the qualitative method to detect bacterial biofilm
production. This medium consists of BHI (37 g/L),
sucrose (50 g/L), agar (10 g/L), and Congo red stain
(0.8 g/L). Congo red was prepared and autoclaved
separately from the other medium components to
ensure that there were no aggregates and that it was
distributed evenly within the medium. This is done
because Congo red tends to aggregate in aqueous
solutions. After that, it was added to the 55 �C, su-
crose-containing, autoclaved brain-heart infusion
agar. Incubation occurred aerobically at 37 �C for
24e48 h, and biofilm production was indicated by
the appearance of black colonies on CRA plates,
while the colonies of biofilm nonproducers
remained pink or red [36].

2.7. Optimization of chromium reduction using the
one-factor-atea-time (OFAT) method

The chromium reduction conditions have been
optimized in LB media using the OFAT method to
establish the optimal Cr-VI reduction efficiency at

different contact times of 1, 2, 3, 4, and 5 days; pH
values of 5, 7, 8, 9, and 11; temperature degrees of 25,
30, 35, 40, and 45; inoculum sizes of 1, 2, 3, and 4 ml;
and Cr-VI concentrations of 100, 200, 300, and
400 ppm of Cr-VI [30,32]. All experiments were
performed in triplicate, two times separately, and
the data were represented as a mean. Error bars
represented each value's standard deviation.

3. Results and discussion

3.1. Isolation and response of bacterial isolates to
different Cr-VI concentrations

Samples were obtained from chromium-contam-
inated wastewater effluents. Wastewater effluents
are considered one of the most ideal media for the
growth of many bacterial species due to the pres-
ence of proteins and chromium [37,38]. A total of 92
isolates were isolated from the tannery industrial
area at the Robbiki Leather City, Cairo, Egypt, and
using Cr-VI containing the LB medium at a con-
centration of 200 ppm K2Cr2O7, and all isolates were
able to show resistance and growth on this con-
centration. Then, after that, they were further grown
on media containing different concentrations of
K2Cr2O7 between 400 and 1400 ppm (equivalent to
141.6e495.6 ppm of Cr-VI) to determine their
growth and tolerance abilities. Table 1 represents
the isolates that can grow and tolerate this range of
Cr-VI concentrations (400e1400 ppm), which were
48 isolates, and the growth of tolerant strains varied
with different chromium concentrations, in which
seven isolates (14.58%) are showing strong to mod-
erate growth at 400 ppm, and 6 isolates (12.5%), 21
isolates (43.75%), 11 isolates (22.91%), and 3 isolates
(6.25%) are exhibiting strong to moderate growth at
concentrations of 600, 800, 1000, and 1200 ppm,
respectively. A decrease in bacterial growth was
seen along with an increase in the concentration of
chromium in the growth media. Similarly, the ca-
pabilities of many species of bacteria obtained from
tannery effluents to grow at elevated concentrations
of Cr-VI were frequently reported by several studies
[20,39e42].

3.2. Assay of chromium reduction efficiency

Thirty-seven bacterial isolates were selected based
on their ability to survive at several concentrations of
Cr-VI to determine their reduction efficiency ofCr-VI
at a concentration of 100 ppm. The reduction occurs
due to the enzymatic reduction system inside the
bacterial cell [43], and the generation of the purple
color complex indicated that the Cr-VI is still present.
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The data represented in Table 2 show that the
reduction efficiency of the selected isolates in the LB
medium supplemented with 100 ppm of Cr-VI is
different between the bacterial isolates. The propor-
tion of chromium reduction achieved by 40.5% of the
selected isolates was higher than 50%, whereas the
lower reduction capacity was achieved by 50.5% of
the other bacterial isolates. Out of these bacterial
isolates, one unique bacterial strain encoding 16 R
exhibited the highest significant growth as well as a

good response to chromium at elevated
concentrations compared with other isolates. More-
over, the outcomes revealed that the greatest reduc-
tion efficiency of Cr-VI was achieved by the isolate
16 R (70.6%); therefore, strain 16 R was selected for
further investigations. The greatest reduction ca-
pacity of isolate 16 R has appeared when compared
with the results obtained by Plestenjak et al. [41], who
isolated P. aeruginosa 3002 from tannery effluents and
were able to reduce about 50% of Cr-VI at a

Table 1. Effect of different concentrations of Cr-VI on the growth of bacterial isolates.

No. Isolate code 400 ppm 600 ppm 800 ppm 1000 ppm 1200 ppm 1400 ppm

1 196 R þþþ þþþ þþ þþ e e

2 6 R þþ þþ þþ e e e

3 80 R þ þ e e e e

4 167 R þ þ e e e e
5 69 R þþþ þþþ þþ e e e

6 116 R þþþ þþþ þþ e e e

7 65 R þþ þ þ e e e

8 66 R þ þ þ e e e
9 130 R þþþ þþþ þþ þ e e

10 123 R þþþ þþ þþ e e e

11 49 R þþþ þþþ þþ e e e
12 57 R þþþ þþþ e e e e

13 61 R þþþ þþþ þþ e e e

14 84 R þþ þþ þ þ e e

15 159 R þþþ þþþ þþ þ e e
16 165 R þ þ þ þ e e

17 90 R þþ e e e e e

18 148 R þþþ þþ þ þ e e

19 93 R þþ e e e e e
20 99 R þþþ þþþ þþ e e e

21 100 R þþ e e e e e

22 102 R þ e e e e e

23 103 R þ e e e e e
24 108 R þ þ þ e e e

25 109 R þþ þ þ e e e

26 112 R þ þ þ e e e
27 14 R þþþ þþþ þþ þ e e

28 16 R þþþ þþþ þþþ þþ þ e

29 173 R þþ þ þ e e e

30 176 R þþþ þþ þþ e e e
31 185 R þþþ þþ þþ þ e e

32 188 R þþþ þþþ þþ þ e e

33 197 R þþ þ þ e e e

34 228 R þ þ e e e e
35 231 R þ þ e e e e

36 34 R þþþ þþþ þþ e e e

37 139 R þþþ þþþ þþ e e e
38 140 R þþþ þþþ þþ e e e

39 204 R þþþ þþþ þþ e e e

40 136 R þþ þ þ e e e

41 208 R þþ e e e e e
42 213 R þþþ þþ þ þ e e

43 145 R þþþ þ þ e e e

44 32 R þþ e e e e e

45 216 R þþ þ e e e e
46 134 R þþþ þþþ þþ e e e

47 211 R þþþ þþþ þþ e e e

48 212 R þþþ þþþ þþ þ e e

Strong growth (þþþ), moderate growth (þþ), weak growth (W), and no growth (�).
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concentration of 100 ppm, while the reduction effi-
ciency lower to 20% at a chromium concentration of
200 ppm. However, Das et al. [43] isolated Bacillus
amyloliquefaciens CSB 9 strain with the capability to
completely reduce 100 ppm of Cr-VI but after a long
incubation time (144 h).

3.3. Identification of the most promising isolate by
16S rRNA sequencing

The strain with the highest reduction efficiency,
strain 16 R, was selected and identified based on 16S
rRNA sequencing, analysis, and alignment of the
data to find the relatives most similar to this isolate.
Based on nucleotide homology and phylogenetic
analysis, isolate 16 R was revealed to be Paenochro-
bactrum pullorum strain 280 (accession no.
NR_133808.1) with 99.83% homolog; hence, its
identification as P. pullorum 16 R. The phylogenetic

tree is represented in Fig. 1 [35]. However, the main
characteristics of Paenochrobactrum-type strains are
that their cells are Gram-negative, non-spore-
forming, rods of approximately 2.0 mm long. On
behalf of biochemical activities, cells are positive in
oxidase and catalase tests while negative in urease,
nitrate reduction, acid production from sugars, and
indole production tests. Finally, this type of strain is
growing aerobically [44,45].

3.4. Biofilm formation

In this study, we proved the ability of P. pullorum
16 R to form biofilm using the Congo red method.
The growth in a biofilm form exhibits enhanced
resistance and tolerance to toxic metals. Throughout
the cellular metabolic activity, extracellular activity,
chemical and physical adsorptions on the cell sur-
face, and photosynthesis, bacterial species trans-
form and remove Cr-VI from wastewater. This is
one of the many biological methods used to reduce
toxic substances in the environment [38,46]. Our
findings showed that the isolates 16 R have the po-
tential to change the color of Congo red brain-heart
infusion medium from red to black, which indicates
biofilm production (Fig. 2). The presence of extra-
cellular polymeric matrix on the cell surface may
assist bacterial cell to resist and overcome the toxic
effects of heavy metals like chromium (VI) or adsorb
it by chemical adsorption on the cell surface. Wang
et al. used an extracellular process to detoxify
chromium (VI) from wastewater by Shewanella
loihica bacteria [47]. The extracellular reduction of
Cr-VI is a safer mechanism for its removal, because
of the damaging absence < AQ: activity?>of intra-
cellular components and not required for specific
transportation channels to transport chromium into
the cells [48]. Self-biofilm formation is considered
now as an alternative, cheap, and reliable method
for wastewater treatment and for sure considered an
added value for the nominated strain but still needs
further investigation [26,49].

3.5. OFAT results

3.5.1. Effect of different contact times on Cr-VI
reduction efficiency
The results of Fig. 3 demonstrated that as the

contact time was extended, Cr-VI reduction effi-
ciencies improved as well. The optimum contact
time was 5 days with a maximal reduction efficiency
of 73.5%. The obtained results are competitive in
comparison with data reported by Li et al., who
determined the time needed for bioreduction of Cr-
VI at a concentration of 20 ppm by P. aeruginosa

Table 2. Chromium reduction efficiency of the selected bacterial isolates.

No. Isolate code Initial Cr-VI
Conc. ppm

Final Cr-VI
Conc. ppm

RE (%)

1 159 R 100 51.50 48.5%
2 213 R 100 75.33 24.6%
3 84 R 100 71.17 28.8%
4 165 R 100 66.44 33.5%
5 167 R 100 41.86 58%
6 6 R 100 66.25 33.7%
7 204 R 100 35.24 64.7%
8 49 R 100 72.11 27.8%
9 173 R 100 70.60 29%
10 61 R 100 54.71 45%
11 134 R 100 70.98 29%
12 65 R 100 68.52 31%
13 176 R 100 57.36 42.6%
14 130 R 100 72.68 27%
15 139 R 100 40.72 59%
16 116 R 100 60.58 39%
17 123 R 100 64.93 35%
18 57 R 100 64.74 35%
19 34 R 100 56.61 43%
20 196 R 100 59.82 40%
21 14 R 100 44.50 55%
22 16 R 100 29.37 70.6%
23 185 R 100 67.76 32%
24 212 R 100 65.87 34%
25 148 R 100 42.99 57%
26 194 R 100 44.88 55%
27 66 R 100 42.42 57.5%
28 140 R 100 30.89 69%
29 145 R 100 54.15 45.8%
30 211 R 100 34.10 65.8%
31 99 R 100 45.45 54.5%
32 188 R 100 49.42 50.5%
33 69 R 100 38.83 61%
34 196 R 100 51.27 48.7%
35 130 R 100 62.13 37.8%
36 213 R 100 43.01 56.9%
37 188 R 100 40.09 59.9%

12 M.M. Elshabrawy et al. / Al-Azhar Bulletin of Science 34 (2023) 8e17



strain (AB93066) under aerobic conditions was 60 h,
and the incubation time was increased to 100 h for
bioreduction of 35 ppm of Cr-VI [50]. In addition,
the findings of this investigation are in full agree-
ment with the findings observed by Das et al., who
isolated B. amyloliquefaciens, strain CSB 9, which

required 144 h to completely remove 100 ppm of Cr-
VI [43]. However, our findings are comparable with
the Mishra et al. observations that they isolated
Lactobacillus strains that can completely detoxify
32 ppm Cr-VI within 6 h [51]. Moreover, some
previous studies have reported that, after a specific

Fig. 2. Biofilm formation by Paenochrobactrum pullorum 16 R: (a) Positive result shows the formation of black color, (b) negative control shows red
color of media.

Fig. 1. Phylogenetic tree for Paenochrobactrum pullorum based on the 16S rRNA gene sequence.

M.M. Elshabrawy et al. / Al-Azhar Bulletin of Science 34 (2023) 8e17 13



incubation time, the additional increase in the con-
tact time displayed no effect [52,53].

3.5.2. Effect of different pH values on Cr-VI reduction
efficiency
Different pH values were investigated (Fig. 4),

which showed that the reduction efficiency of the P.
pullorum 16 R strain was increased by increasing the
pH range from 7 to 9. The highest RE% at pH 7 was
88.3%. An optimal pH level for bacterial Cr-VI
reduction has been reported by many other re-
searchers. For instance, a Gram-positive bacterium
can reduce Cr-VI at a pH of 9.0, while P. aeruginosa
and Bacillus coagulans can reduce Cr-VI at a pH of
7.0 [54,55]. Ilias and his coauthors reported that the
optimum pH value for growth and bioreduction of
Cr-VI by bacterial strains IFR-2 and IFR-3 was
observed between pH 7.0 and 8.0, whereas the
growth and chromium (VI) bioreduction by both
strains were considerably lowered at pH values
higher than 8.0 [56]. However, the optimal Cr-VI
bioreduction observed by Camargo et al. for Bacillus
isolates were displayed to be related to pH (8.0) [23],

while McLean et al. noted that Cr-VI reduction by P.
synxantha was observed at a wide-ranging pH be-
tween 6.0 and 9.0 [30].
The variation in optimal pH values indicates that

altering pH is significant for different cultures to
achieve the greatest Cr-VI reduction during the
bioremediation of chromate [57]. Based on the pre-
vious observations, it is observed that the bio-
reduction is reduced at low pH values, which may
be primarily caused by the relationship between
bioaccumulation and the quantity of surface-nega-
tive charges brought on by the dissociation of
functional groups. It has been determined that Cr-
VI reduction is enzyme mediated because pH
changes have an impact on the rate of enzyme
ionization, change protein structure, and subse-
quently have an impact on the enzyme activity
[58e60].

3.5.3. Effect of different temperatures on Cr-VI
reduction efficiency
Temperature has a significant impact on microbial

Cr-VI reduction. The bio-detoxification of Cr-VI by
P. pullorum 16 R isolate was evaluated at five tem-
perature values (25, 30, 35, 40, and 45 �C), and the
results are given in Fig. 5. They indicated that the
reduction capacity of Cr-VI was reduced effectively
at temperatures lower than 30 �C and above 35 �C,
while the reduction efficiency was more effective
within 30e35 �C and increased up to 92.7%. It agrees
with the bioreduction of Cr-VI by Ochrobactrum
intermedium SDCr-5, for which the optimal temper-
ature was 37 �C [61,62] and also Thacker and
Madamwar observed that the maximum bio-
reduction of Cr-VI by the bacterial isolate DM1 was
observed at 35 �C [63]. Tan et al. observed that the
Bacillus sp. CRB-B1 strain, obtained from sewage
sludge, removed 97% of Cr-VI concentration
(150 ppm) at 37 �C. Also, Elahi and Rehman noted

Fig. 4. Effect of different pH values on Cr-VI reduction efficiency.
Fig. 5. Effect of different temperature degrees on Cr-VI reduction
efficiency.

Fig. 3. Effect of different contact times on Cr-VI reduction efficiency.
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that the Staphylococcus sciuri (A-HS1) strain isolated
from tannery effluent reduced 93% of Cr-VI at a
concentration of 104 ppm at 37 �C after 6 days of
incubation [40,64]. Furthermore, Suzuki et al. iso-
lated P. ambigua G-1 with the higher activity to
reduce Cr-VI over a wide temperature range from
40 to 70 �C [65].

3.5.4. Effect of different inoculum sizes on Cr-VI
reduction efficiency
In this study, the bioreduction of Cr-VI at a con-

centration of 100 ppm is gradually increased with
the increasing of inoculum dose as given in Fig. 6,
and the highest Cr-VI reduction was achieved at an
inoculum size of between 3 and 4 ml. Many previous
studies have reported that one of the significant
factors in reducing Cr-VI is initial inoculum size and
that there is a linear relationship between it and the
inoculum size [22]. Furthermore, as the inoculum
dose decreased, the time needed to complete the
bioreduction of Cr-VI increased, as reported by
Wang et al., who concluded that the bioreduction of
Cr-VI wastewater by Pannonibacter phragmitetus BB
strain was significantly affected by the inoculum
size [66].

3.5.5. Effect of different chromium concentrations on
Cr-VI reduction efficiency
The effect of chromium concentrations from 100 to

400 ppm was observed during this work. The
highest reduction capacity (92.5%) was observed at a
concentration of 100 ppm of Cr-VI, as represented in
Fig. 7, and the reduction efficiency was decreased
with the gradually increased Cr-VI concentration,
indicating that the bioreduction potentiality and
growth rate were affected with the raising of chro-
mium concentration. Therefore, the data recorded
by the previous studies have reported that bacterial
growth and RE% decreased when the concentration

of hexavalent chromium in the growth media
increased [67]. This is in agreement with Plestenjak
et al., who studied the effect of different chromium
concentrations on M. sciuri and P. aeruginosa and
reported that at a concentration of 100 ppm of Cr-VI,
the bacterial isolates diminished 50% of the Cr-VI
after 48 h of incubation while being less active to
lower 500 ppm of Cr-VI. This indicated that the last
concentration of Cr-VI is highly toxic to bacteria
cells [41].
Compared with mobile cells, the presence of

biofilm layers on the surface of P. pullorum 16 R cells
make this strain more stable, easier to reuse, and
better at solideliquid separation and causes less
clogging in water treatment systems [62]. This strain
may be exploited in the bioremediation of Cr-VI-
contaminated environments, particularly waste-
water, because its ability to significantly reduce the
wide levels of Cr-VI in artificial as well as industrial
water samples suggests that this strain has the
greatest role in the bioremediation of chromium-
polluted environments.

3.6. Conclusions

There is considerable amount of environmental
contamination due to the extensive industrial use of
chromium. As a result, research for alternate
methods to treat environments contaminated with
Cr-VI came into existence. To reduce chromium-
contaminated environments, microbial remediation,
a technology with enormous promise, has gained a
lot of attention. So, in this study, the microbial
reduction of Cr-VI using a P. pullorum 16 R strain
isolated from tannery effluent was investigated, and
there are no previous reports on the bioreduction of
chromium using this strain, so this research may be
considered a novel record. Simultaneously, by
studying the impact of factors such as contact time,

Fig. 7. Effect of different chromium concentrations on Cr-VI reduction
efficiency.

Fig. 6. Effect of different inoculum sizes on Cr-VI reduction efficiency.
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pH, temperature, inoculum size, and initial chro-
mium content on the development and ability of the
isolates to reduce chromium, the best conditions for
chromium reduction were found. This study found
that the optimum contact time was 5 days; the op-
timum temperature range was 30e35 �C; and the pH
for the strain was found to be 7:9, respectively.
Furthermore, the reduction of Cr-VI increased in
proportion to inoculum size. After the optimization
process, the reduction efficiency increased from
70.6% to 92.5%. This work suggests that the P. pul-
lorum 16 R strain can be used to remediate Cr-VI
from contaminated industrial effluents. Conse-
quently, it can be concluded that future research can
focus on how to utilize improved biotechnology,
especially for self-biofilm forming during the
removal of Cr-VI, to understand the bioreduction
mechanism of chromium bacteria and study the
prospects for creating a new strategy for the
continuous elimination of chromium (VI) from in-
dustrial wastes.
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