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Abstract

Heavy metal pollution, primarily due to hexavalent chromium (Cr(VI)), poses a significant threat to
ecosystems and human health. Chromium is widely used in industries such as tanning, electroplating,
and dye manufacturing, which results in the discharge of toxic residues into the environment. Cr(VI)
is highly soluble, mobile, and carcinogenic, making its removal from contaminated sites a pressing
environmental challenge. Among various remediation strategies, bioremediation using bacteria
provides a cost-effective, eco-friendly, and sustainable approach. This study focuses on the initial phase
of a broader bioremediation project that involves developing a bacterial consortium for chromium
detoxification. Here, we report the isolation, screening, and characterization of a potent chromium-
tolerant bacterial isolate obtained from wastewater. Several morphologically distinct bacterial
strains were isolated using selective enrichment techniques on chromium-supplemented media.
The isolates were screened for their chromium tolerance and resistance levels based on minimum
inhibitory concentration (MIC) assays. Among them, two isolates exhibited exceptional resistance
to Cr(VI), maintaining high (Full) growth at concentrations as high as 250 ppm. Morphological and
biochemical profiling revealed distinct features, and 16S rRNA gene sequencing confirmed their
identity as members of the Bacillus subtilis and Lysinibacillus macroides groups. These isolates hold
promise for further development into a functional part of a microbial consortium aimed at efficient
chromium bioremediation. Future work will focus on optimization studies, consortium compatibility,
and real-world application trials.
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INTRODUCTION

Chromium (Cr) is a naturally occurring
transition metal that has gained notoriety due
to its extensive industrial use and associated
environmental hazards. Industries such as
leather tanning, electroplating, textile dyeing,
and metallurgy utilize chromium compounds
extensively, especially in the hexavalent form
[Cr(VI)].22 Cr(VI) is highly soluble, mobile in
aquatic systems, and known for its carcinogenic,
mutagenic, and teratogenic effects on living
organisms.3 Continuous discharge of untreated or
inadequately treated chromium-laden effluents
has resulted in the accumulation of toxic metals
in soil and water bodies, posing severe ecological
and public health risks.?

Recent literature has emphasized the
diverse strategies employed by bacteria to survive
in heavy metal-contaminated environments*
provided a comprehensive overview of bacterial
resistance mechanisms, including efflux pumps,
enzymatic detoxification, and biofilm formation,
reinforcing the ecological and biotechnological
significance of using native microbes for
remediation. In addition to detoxification
mechanisms, microbes also play a crucial role
in supporting phytoremediation in metal-
contaminated soils,®> provided detailed insights
into the role of rhizospheric and endophytic
bacteria in improving heavy metal uptake and
tolerance in plants. They emphasized that genera
such as Pseudomonas, Bacillus, Azospirillum,
and Enterobacter assist in phytoremediation
by mobilizing metals, producing plant growth-
promoting substances, and inducing stress
resistance mechanisms. These findings expand
the relevance of microbial applications from
direct bioremediation to integrated plant-microbe
remediation strategies, especially under field
conditions.

Chemical precipitation, ion exchange,
membrane filtration, and adsorption are examples
of conventional heavy metal cleanup procedures
that are often associated with high operational
costs, the generation of secondary pollutants,
and reduced efficiency in low-concentration
scenarios.® In contrast, bioremediation, which
exploits the natural detoxification capabilities of
microorganisms, has emerged as a sustainable,

cost-effective, and environmentally friendly
alternative for chromium removal.?”

Several bacteria have evolved efficient
mechanisms to detoxify Cr(VI), including
biosorption, bioaccumulation, and enzymatic
reduction to the less toxic trivalent form [Cr(l11)].8
These mechanisms may operate individually or
synergistically, depending on the bacterial species
and environmental conditions. Recent studies
between 2015 and 2024 have reported multiple
bacterial strains with remarkable chromium-
resistance and detoxification capabilities. For
instance, Enterobacter cloacae B2-DHA, isolated
from contaminated soil, demonstrated 81%
Cr(VI1) reduction and could accumulate chromium
intracellularly at concentrations of 320 u/g
biomass after 120 hours.® Similarly, Sporosarcina
saromensis M52, isolated from offshore sediment,
showed the ability to tolerate up to 500 mg/L
Cr(VI1), with rapid removal efficiency of 50-200
mg/L within 24 hours.*

Understanding the molecular and
physiological basis of Cr(VI) resistance and
transformation is key to optimizing bacterial
performance under contaminated conditions.
A comprehensive review by Fernendez et al.'!
emphasized that bacterial response to chromium
includes chromate efflux pumps, enzymatic
detoxification systems, antioxidant responses,
and stress-regulatory pathways, all of which
contribute to metal resistance and adaptation.
However, the real-world application of microbial
bioremediation faces challenges such as varying
pH, temperature, heavy metal concentration, and
microbial competition in natural environments.*?
In this context, indigenous bacteria-organisms
isolated from the contaminated sites-have shown
promise due to their inherent adaptability to
the native physicochemical conditions. A study
by Bhattacharjee et al.® illustrated that bacteria
isolated from tannery wastewater significantly
reduced Cr(VI) levels under laboratory conditions,
validating the potential of site-specific strains.

Several studies have shown that
organisms such as Pseudomonas, Bacillus, and
Enterobacter have the capacity to remediate
chromium. However, most research focuses
on single isolates in the laboratory, with little
attention paid to mixed microbial consortia or
real-world applications. This work aims to bridge
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the gap by identifying naturally Cr-tolerant
bacteria, enhancing their removal capacity, and
evaluating the performance of a synthetic microbial
consortium. This research focuses on the isolation,
screening, and characterisation of chromium-
tolerant bacteria from industrially polluted sites.
By identifying promising strains that thrive in
chromiume-rich environments and characterising
their morphological, biochemical, and molecular
features, we aim to lay the groundwork for the
future development of bacterial consortia with
an enhanced potential for bioremediation of
chromium-contaminated ecosystems.

MATERIALS AND METHODS

Sample collection

Environmental samples were collected
from industrially impacted sites known for heavy
metal contamination. These included sewage
treatment plants, electroplating industries, dye
industry discharges, sludge, and pond water from
regions such as Panipat, Sonepat (STP 1 with a 30
MLD), Guru gram, Faridabad (STP 1 with a 30 MLD
capacity), Yamunanagar (Haryana) (STP 1 with 7
MLD capacity), Chandigarh, and Baddi (Himachal
Pradesh). Sampling bottles were acid-washed,
rinsed with deionized water, and pre-rinsed with
source water before collection. Samples were
stored at 4 °C and processed within 24 hours.

Preparation of chromium stock solution

A stock solution of Cr(VI) was prepared
by dissolving 2.84 g of potassium dichromate
(K,Cr,0.) in 1 litre of double-distilled water,
yielding a concentration of 1000 mg/L. Working
solutions were prepared via serial dilution with
sterile distilled water as required.

Enrichment and isolation of chromium-tolerant
bacteria

To isolate chromium-tolerant bacteria
from environmental sources, enrichment culture
techniques were employed to selectively promote
the growth of resistant strains. For this, 5 mL of
each collected wastewater sample was introduced
into 100 mL of sterile nutrient broth supplemented
with 100 mg/L of Cr(VI) in the form of potassium
dichromate. The flasks were incubated at 37 *
2 °C with constant agitation at 120 rpm for 48

hours to facilitate optimal aeration and bacterial
proliferation under metal stress. After incubation,
the enriched cultures were serially diluted from
10° to 10° to reduce microbial density and isolate
individual colonies. A 1 mL aliquot from each
dilution was plated onto nutrient agar medium
also containing 100 mg/L Cr(VI) to maintain
selection pressure. These plates were then
incubated under the same temperature conditions
for 24-48 hours. Distinct colonies that appeared
on the plates were picked based on differences in
morphology and further purified through repeated
streaking on fresh agar plates. Pure isolates were
preserved on nutrient agar slants and stored at 4
°C for subsequent analysis.

Primary screening and Minimum Inhibitory
Concentration (MIC) determination

For MIC determination, nutrient agar (NA)
was prepared by dissolving 28 g/L of commercially
available NA powder (HI Media Laboratories Pvt.
Ltd., India) in distilled water and sterilized by
autoclaving at 121 °C for 15 minutes. The plates
were supplemented with graded concentrations
of potassium dichromate ranging from 100 to
1000 mg/L. Each bacterial isolate was streaked
on the surface of the plates and incubated at
37 £ 2 °C for 48 hours under static conditions.
Control plates without chromium were also
included to assess normal growth behaviour. The
MIC was determined visually based on the lowest
Cr(VI) concentration that inhibited visible bacterial
growth as shown in Table 1.

Secondary screening for chromium removal
efficiency

To evaluate the chromium-removal
capability of the most tolerant bacterial isolates,
a secondary screening was performed under
controlled conditions. The selected strains were
inoculated into the nutrient broth supplemented
with 100 mg/L of Cr(VI) and cultured in 250 mL
Erlenmeyer flasks. Each flask received 1 mL of
bacterial inoculum, standardized to 2.1 x 10’ CFU/
mL using a hemocytometer to maintain uniform
cell density across experiments. Cultures were
incubated at 37 + 2 °C with continuous shaking at
120 rpm for 48 hours to ensure proper aeration
and nutrient availability. After incubation, the
bacterial cells were separated by centrifugation
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at 6000 rpm for 10 minutes. The collected
supernatant was then analyzed for remaining
hexavalent chromium concentration using Atomic
Absorption Spectroscopy (AAS), which provided
precise quantification of chromium reduction by
each isolate.

Biochemical characterization

Biochemical characterization of the
isolates was carried out using standard procedures
to support their phenotypic identification.
Tests included catalase and oxidase to assess
respiratory enzyme activity, urease for nitrogen
metabolism, and nitrate reduction to detect
anaerobic respiration capability. Indole production
was tested to evaluate tryptophan degradation,
while the methyl red and Voges-Proskauer (MR-VP)
tests determined the type of glucose fermentation
pathway. Colony morphology, Gram staining, and
cell shape were also recorded. Results for both
isolates, MBCR26 and MBCR44, were documented
in tabular form for comparative analysis.

Molecular characterization and phylogenetic
analysis

Genomic DNA from the selected
chromium-tolerant bacterial isolates was extracted
using the ZR Fungal/Bacterial DNA MiniPrep
Kit, following the manufacturer’s instructions.
The quality and quantity of the extracted DNA
were checked using agarose gel electrophoresis.
For molecular identification, the 16S rRNA
gene region was amplified through polymerase
chain reaction (PCR) using universal bacterial
primers 27F (5'-AGAGTTTGATCCTGGCTCAG-3’)
as the forward primer and 1492R
(5'-TACGGYTACCTTGTTACGACTT-3’) as the reverse
primer as shown in Table 2.

The PCR products (amplicons) were
visualized on a gel to confirm the presence of the
expected fragment size and were then purified for
sequencing.

The sequencing was carried out in
a direction to ensure accurate base calling.
The resulting sequences were subjected to a
similarity search using the BLAST tool available
on the NCBI website to identify the closest known
relatives. For multiple sequence alignment,
ClustalW software was employed to align the
16S rRNA sequences with reference sequences.

To determine the evolutionary relationships and
taxonomic positioning of the isolates, phylogenetic
trees were generated using the neighbour-joining
method in MEGA version 11. Bootstrap analysis
with 1000 replicates was performed to assess
the reliability of the tree branches. The finalized
sequences were submitted to NCBI GenBank, and
unique accession numbers were obtained for each
isolate.

Standardization of bacterial inoculum

For uniform experimental conditions,
cultures were grown on NA slants for 48 hours.
Cells were suspended in 10 mL sterile distilled
water, homogenized, and cell density adjusted to
2.1x 107 CFU/mL using a hemocytometer. 1 mL of
standardized inoculum was used in all test flasks.

RESULTS

Isolation and preliminary screening of Chromium-
Resistant Bacteria

62 morphologically distinct bacterial
isolates were obtained from heavy metal-
contaminated water samples collected from
tannery and electroplating industrial sites. The
selected isolates were initially tested for chromium
resistance by cultivating them on the nutrient agar
enriched with 100 mg/L of potassium dichromate
(K2Cr205). Of these, 24 isolates demonstrated
visible growth, suggesting chromium tolerance, as
shown in Figure 1, represents the growth pattern
for the two selected isolates, i.e. MBCR26 and
MBCR44 on the NA plates enriched with Cr. In
comparison, two isolates, MBCR26 and MBCR44,
exhibited robust growth and were selected for
further studies based on colony morphology and
tolerance level.

Secondary evaluation of bacterial isolates in
nutrient broth supplemented with chromium
To further evaluate the chromium-
removal potential of the selected bacterial isolates,
they were subjected to a broader concentration
gradient of potassium dichromate ranging from
100 ppm to 1000 ppm in nutrient agar. The cultures
were incubated under standard conditions, and
growth responses were monitored visually. It was
observed that the bacterial isolates were able to
withstand chromium concentrations up to 400
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ppm, with pronounced growth recorded at both
300 ppm and 400 ppm. However, a noticeable
decline in cellular proliferation occurred as
concentrations increased beyond this range. Only
marginal growth was detected at 500 ppm and
700 ppm, suggesting a stress-induced reduction
in metabolic activity, as shown in Figure 2 and
tabulated in Table 3.

No observable growth occurred at
1000 ppm, indicating that this concentration
exceeded the physiological tolerance limits of the
tested strains. These results helped define the
upper inhibitory threshold of chromium for the
isolates and guided the concentration selected
for subsequent biosorption and optimization
experiments.

For the most promising bacterial
isolates, secondary screening was conducted
using a batch culture approach. The isolates
that demonstrated robust growth at elevated
chromium concentrations (300 and 400 mg/L)
during preliminary trials were subjected to this

assessment, as shown in Figure 3. Each isolate
was independently cultivated in nutrient broth
containing 100 m/L of potassium dichromate
(K2Cr,05), as shown in Figure 4. Following a
24-hour incubation period at optimal growth
conditions, cultures were centrifuged to separate
the bacterial biomass. The supernatant was then
analysed using Atomic Absorption Spectroscopy
(AAS) to quantify the residual concentration of
chromium in the medium. Among the tested
strains, isolates MRCB26 and MRCB44 (as shown
in Figures 3, 4 and Table 4) exhibited the highest
metal-removal efficiencies, achieving 68.72 %
and 72.36% chromium reduction, respectively,
indicating their substantial biosorptive capabilities.

Characterization and identification of desired
isolates

The two potential isolates were
characterized morphologically based on colony
morphology and cell morphology. The two
bacterial isolates, i.e., MBCR26 and MBCR44,

Figure 1. Few of the Isolated bacterial cultures (out of 62)
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were cream in color. All the isolates were rod-
shaped and gram-positive. The microscopic and
morphological characteristics of bacterial isolates
MBCR26 and MBCR44 are shown in Figures 5
and 6.

Biochemical characterization

The biochemical and morphological
characteristics of the bacterial isolates MBCR26
and MBCR44 provide essential information for
their preliminary identification and differentiation.
Both isolates produced cream-colored colonies on
nutrient agar, suggesting similar pigmentation and
colony texture. Upon Gram staining, they were
found to be Gram-positive, which confirms the
presence of a thick peptidoglycan layer in their cell
wall structure. Microscopically, both strains were
observed to be rod-shaped, a common feature in
many soil and environmental bacteria, including
species of Bacillus and Lysinibacillus (Table 5).

In terms of enzymatic activity, both
isolates tested positive for the catalase enzyme,
indicating their ability to decompose hydrogen

peroxide into water and oxygen, a common traitin
aerobic or facultative anaerobic bacteria. However,
both strains were urease-negative, showing they
do not hydrolyze urea, which helps distinguish
them from certain urease-producing species. The
oxidase test results showed variation: MBCR26
was oxidase-negative, whereas MBCR44 was
oxidase-positive, pointing toward a difference in
their respiratory enzyme systems.

Furthermore, both isolates were negative for
indole production, suggesting the absence of
tryptophanase activity. In the nitrate reduction
test, MBCR26 was positive, demonstrating
its ability to reduce nitrate to nitrite or other
nitrogenous compounds, while MBCR44 was
negative, indicating it lacks this capability. The
methyl red (MR) and Voges—Proskauer (VP) tests,
which are used to differentiate fermentation
pathways, also showed contrasting results.
MBCR26 was MR-positive and VP-negative,
indicating it utilizes mixed acid fermentation,
whereas MBCR44 was MR-negative and VP-
positive, suggesting a butanediol fermentation
pathway, as shown in Table 5.

Table 1. Universal primers used for the amplification of bacteria’s rDNA regions

Organism  Universal  Sequence Bases
Primer
Bacteria 27F (5'-AGAGTTTGATCCTGGCTCAG-3') 20
(5'-TACGGYTACCTTGTTACGACTT-3') 20

Table 2. Growth pattern of bacterial isolates on nutrient broth supplemented with 100, 200, 300, 400, and 500

mg/L of Cr following a 24 h incubation period

No. Bacterial Chromium dose (mg/L)
isolate
Control 100 200 300 400 500
26 MBCR26 ++++ e e i +++
44 MBCR44 ++++ e e A o +++

Table 3. MIC Values of Chromium-Tolerant Bacterial
Isolates

Table 4. Removal efficiency of Cr from the liquid
medium by efficient bacterial isolates on nutrient broth
containing 100 mg/L of Cr

Isolate Code ~ Maximum Growth MIC
Cr(VI Int it L
r(Vi) niensity (mg/L) No.  Bacterial % removal
Tolerance at 400 ppm
Isolates of Cr
(mg/L)
vecs 50 s 0 28 MAcRs ger2zose
MBCR44 500 +++ 700 =
Journal of Pure and Applied Microbiology 2711 www.microbiologyjournal.org
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These differences in biochemical
behaviour, along with the observed morphology,
support the identification of MBCR26 as Bacillus
subtilis and MBCR44 as Lysinibacillus macroides,
which was further confirmed through molecular
techniques.

Molecular characterization of the two chromium-
degrading bacterial isolates

The 16S rRNA gene regions of two
chromium-remediating bacterial isolates, MBCR26
and MBCR44, were amplified using universal
primer sets to enable molecular identification.
Following successful PCR amplification, the
resulting amplicons were subjected to sequencing.
To establish the taxonomic identity of the
isolates, a BLAST analysis was conducted using
the obtained sequences. The results confirmed
the isolates as Bacillus subtilis (MBCR26) and
Lysinibacillus macroides (MBCR44), respectively.
The gene sequences of the chromium-degrading

4

==

= G,

bacterial isolates were submitted to NCBI under
the following accession numbers given in Table 6.

Partial 16S rRNA gene sequences obtained
from the chromium-tolerant isolates MBCR26 and
MBCR44 were subjected to sequence alignment
and comparative analysis against entries in the
NCBI nucleotide database. The BLAST analysis
revealed the highest sequence similarity of these
isolates with Bacillus subtilis and Lysinibacillus
macroides, respectively. The phylogenetic
affiliations and evolutionary relationships of these
isolates with closely related taxa are illustrated in
Figures 7 and 8, which were constructed using the
neighbour-joining method.

DISCUSSION
This study focused on isolating and
characterizing indigenous chromium-resistant

bacterial strains from wastewater-contaminated
sites to assess their biosorptive potential for

(

H

Figure 2. Bacterial isolates showing growth at different Chromium concentrations as: (A) Control without any
chromium; (B) Growth of bacteria at 100 ppm of Chromium; (C) Growth of bacteria at 200 ppm of Chromium;
(D) Growth of bacteria at 300 ppm of chromium; (E) Growth of bacteria at 400 ppm of chromium; (F) Growth of
bacteria at 500 ppm; (G) Growth of bacteria at 700 ppm; (H) Growth of bacteria at 1000 ppm
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bioremediation applications. Among the 64
bacterial isolates obtained from sewage, sludge,
and industrial effluent, two strains-designated
MBCR26 and MBCR44-exhibited strong tolerance
to hexavalent chromium, maintaining active

Table 5. Biochemical characterization of chromium-
degrading bacterial isolates

Characteristics MBCR26 MBCR44
Colony morphology Cream Cream
Gram staining + +
Morphology Rods Rods
Catalase + +
Urease - -
Oxidase - +
Indole - -
Nitrate reduction + -
MR + -
VP - +

growth up to 400 ppm. These isolates also showed
significant chromium removal efficiency in nutrient
broth containing 100 ppm potassium dichromate,
achieving 54.6% and 50.8% removal, respectively.
These results suggest that native microbial
populations exposed to prolonged environmental
stress develop adaptive mechanisms that enable
survival and detoxification of toxic heavy metals
like Cr(VI), consistent with findings from earlier

Table 6. Molecular characterization of two chromium-
degrading efficient bacterial isolates with accession
numbers

No. Isolate Name of Accession
name bacteria number

1 MBCR26 Bacillus subtilis PP837960

2 MBCR44 Lysinibacillus macroides PP837951

Figure 3. Bacterial Isolates (A) MBCR26 and (B) MBCR44 grow on an NA plate. These figures represent the growth

of bacteria on Nutrient agar in the presence of Chromium

Figure 4. Cultures of selected bacterial isolates on Liquid Nutrient Broth Medium as: (A) First flask on the left
represents the Control (without any turbidity) and flask on the right represents MBCR26 growth in Liquid Nutrient
Broth with Chromium. (B) First flask on the left represents Control without any turbidity and flask on the right

represents MBCR44 growth in the presence of Chromium
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studies on metal-tolerant Bacillus and Lysinibacillus
spp.2** The MIC values observed in this study (700
ppm for both MBCR26 and MBCR44) are within
a higher range compared to several previously
reported chromium-resistant bacteria. For
instance, Huang et al.* reported that Sporosarcina
saromentsis tolerated Cr(VI) concentrations up to
500 mg/L, while Enterobacter cloacae described
by Paul et al.° showed growth at concentrations
up to 320 ppm. Similarly, Bhattacharjee et al.®®
isolated a microbial consortium from tannery
effluents that tolerated a maximum of 600 ppm
Cr(VI) under laboratory conditions. In contrast,
the isolates characterized in the present work not
only withstood up to 700 ppm but also showed
active growth at 400-500 ppm, indicating strong
chromium tolerance.

Biochemical and molecular
characterization confirmed the identity of
MBCR26 as Bacillus subtilis and MBCR44 as
Lysinibacillus macroides, both of which are Gram-
positive, endospore-forming bacilli previously
documented for their resistance to toxic metals
and oxidative stress.'>® The notable biosorption
ability of B. subtilis has been attributed to surface
functional groups such as carboxyl, phosphate,
and amino groups that actively bind metal
ions, while L. macroides are known to produce
extracellular polymeric substances (EPS) that
facilitate chromium sequestration.” The relatively
high chromium removal observed under batch
conditions supports the likelihood of combined
biosorption and enzymatic reduction mechanisms
at play. These findings reinforce the suitability

Figure 5. Microscopic and cultural characteristics of isolate MBCR26; (A) Colony features on Nutrient Agar; (B)

Gram-positive, Rod-shaped

Figure 6. Microscopic and cultural characteristics of isolate MBCR44; (A) Colony features on Nutrient Agar; (B)

Gram-positive, Rod-shaped
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Bacillus pumilus (HQ874616.1)

Bacillus pumilus ATCC 7061 (AY876289.1)

Bacillus subtilis (MK443366.1)

@ B-27 (PP837960.1)

Planococcus halotolerans (NR180067.1)

bacillus endophyticus (NR181200.1)

illus bor ans (NR114207.1)

Bacillus mobilis (NR157731.1)

Priestia megaterium (NC014103.1)

_E B.megaterium (X60629.1)

0.01

Figure 7. The phylogenetic tree illustrating the
evolutionary relationships among the identified

bacterial isolates
(Note: MBCR26 refers to B27).

of these strains for integration into biological
treatment systems targeting Cr(VI)-contaminated
effluents.

The observed tolerance limits and
removal capacities of the identified isolates
provide valuable insight for future scale-up and
application in continuous treatment systems.
Moreover, their natural origin from contaminated
sites may give them a physiological edge in
maintaining stability and functionality under
environmental stress. Taken together, this study
not only contributes to the growing database of
chromium-remediating bacteria but also offers a
practical basis for designing microbial consortia
tailored to site-specific bioremediation.

CONCLUSION

The isolation and identification of Bacillus
subtilis (MBCR26) and Lysinibacillus macroides
(MBCR44) from chromium-contaminated
environments highlight the potential of indigenous
bacterial strains in bioremediation strategies. Both
isolates demonstrated considerable chromium
tolerance and removal efficiency under laboratory
conditions, supporting their applicability in

—[ Bacillus vallismortis (NR113994)

56 Bacillus cabrialesii (NR180419)

ea )

108 Rossellomorea arthrocnemi (NR181775)
@ BAR 6 (PP837951)
72 |
Lysinibacillus boronitolerans (NR114207)

| Bacillus cereus (NR115526)
0o

Bacillus tropicus (NR157736)

Halalkalibacterium halodurans (MH155223)

100 ! Bacillus halodurans (AB021187)

Escherichia coli SG4 (MN318323)

0.050

Figure 8. The phylogenetic tree shows how the
chromium-tolerant isolate is related to other known
bacteria

(Note: MBCR44 refers to BAR6 respectively)

eco-friendly treatment of industrial effluents.
The combination of biochemical adaptability
and genetic robustness suggests their utility
as standalone agents or as part of synergistic
microbial consortia.

Future work will focus on formulating a
stable microbial consortium using MBCR26 and
MBCR44 in combination with other compatible
chromium-resistant strains. Compatibility tests
will be carried out through co-culture assays to
evaluate mutual growth support and chromium
reduction efficiency. Once a suitable consortium
is developed, it will be tested under controlled
conditions using synthetic wastewater to optimize
parameters such as pH, contact time, and
inoculum size. Based on these optimizations,
a pilot-scale field trial will be conducted using
actual industrial effluent from electroplating
or tanning units. The hypothesis is that a well-
adapted microbial consortium derived from native
strains will demonstrate enhanced chromium
removal efficiency and resilience under fluctuating
environmental conditions.
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