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ARTICLE INFO ABSTRACT
Keywords: Every year different industries generate numerous toxic environmental polluting agents
Chromium resistant bacteria throughout the world. Among the polluting agents, chromium (Cr) toxicity is a great concern

Chromium reduction
Bacillus sp.

Micrococcus sp.
Diphenylcarbazide assay

nowadays. It is continuously released in soil and water, causing environmental and health
problems thereby raising several public health issues in developing countries like Bangladesh. The
primary goal of this study was to provide a bioremediation option to reduce toxic hexavalent
chromium to a less toxic trivalent form by isolating chromium resistant bacteria from Cr
contaminated environments. Bacterial isolates were obtained from seven tannery waste samples
collected from Hazaribag and Hemayetpur, Savar, Dhaka. Twenty morphologically distinct col-
onies were screened, of which six showed the highest resistance. These were designated as A1, A2,
B1, F1, K1, and P1. Their maximum tolerance to Cr (VI) was determined through growth assays in
varying chromium concentrations up to 8000 mg/L on LB agar media. Strains A2 and Bl
exhibited the highest resistances to chromium at 7700 mg/L and 7200 mg/L respectively. Bac-
terial strains A2 and B1 were identified through several biochemical tests and after PCR analysis
finally identified as Bacillus sp. and Micrococcus sp. respectively. Their Cr (VI) reduction capa-
bilities were assessed quantitatively using the diphenylcarbazide colorimetric assay. Both strains
exhibit approximately 100% reduction of chromium from 100 mg/L concentration to non-toxic
form within 48 h using accurate analytical methods. This study demonstrates the isolation of
highly chromium-resistant bacteria from tannery waste that can efficiently bioremediate Cr (VI)
pollution, thus providing an eco-friendly and cost-effective bioremediation approach.

1. Introduction

Chromium (Cr) is widely used in a variety of industrial processes, including the production of steel, paper, automobiles, electro-
plating, tanning, and ore processing [1,2]. There are two stable oxidation states of chromium in the natural environment such as Cr
(II1) and Cr (VI). Cr (III) is considered as an essential micronutrient and is relatively nontoxic [3]. The appropriate levels of Cr (III) are
essential for human health and are also required for lipid and glucose metabolism [4]. The Maximum Contaminant Level (MCL) for the
total amount of chromium in drinking water, regulated by the USEPA, is 0.1 mg/L. According to World Health Organization (WHO)
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recommendations, the permissible level of chromium in drinking water is 0.05 mg/L [5].

leads to mental retardation, renal dysfunction, carcinogenesis, and other abnormalities [8].
chrome and vegetable tanning are widely used around the world, the majority of tanneries in Bangladesh produce leather that has been
chrome-tanned, and as a result, they release a significant amount of chromium along with their untreated effluents into the nearby
water bodies [10]. Previous research has shown that the Hazaribagh tannery area’s soil and water were highly contaminated with Cr
[11-15], leading to substantial human health hazards [16,17]. The incidence of several diseases, such as scabies (73.9%), gastroin-
testinal disorders (71.7%), diarrhea (71.7%), asthma (49.9%), eye problems (46.7%), and high blood pressure (52.2%), had been

reported by Bangladeshi tannery workers [18].
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In contrast, Cr (VI) is an oxyanionic species which is extremely hazardous [6]. Cr (VI) has detrimental impacts on the environment
and, even in small amounts, can lead to several health problems in humans. As Cr (VI) is toxic and extremely soluble in water, it can
pass quickly through cell membranes and ultimately interact with proteins and nucleic acids [7]. Accumulation of Cr (VI) in humans

Tanneries of Bangladesh are considered as the most polluting sectors with the greatest environmental impact [9]. Although both
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environment [19,20]. There are many technologies such as reverse osmosis, redox chemical reactions [21], coagulation, and pre-
cipitation [22,23] are available to mitigate Cr-polluted wastewater. These processes are expensive and energy consuming, and they
have a chance for secondary chemical contamination [21,24].

Several new methods were conducted for waste management. Such as strategies for managing nutrient-rich organic soil in the
context of climate change policy [25], hybrid inulin-TEOS bio-sorbent assay [26], and the impact of using cold plasma on the
self-cleaning, antimicrobial, and structural characteristics of a-FepO3 (HEMATITE) thin films [27] etc. According to a recent study,
using potential nano-adsorbents based on core-shell biomagnetic nanoparticles, magnetically assisted chemical separation methods
may be used to extract Cr (VI) from aqueous solutions [28]. The main drawback of this separation method was that it could only
conduct positive and negative selections, was not quantitative, and needed secondary quantification. Therefore, it is essential to create
a novel, economical, and ecologically sound technique for removing harmful heavy metals from wastewater.

A wide variety of microorganisms such as bacteria, yeast, algae, protozoa, and fungi are found in waters receiving industrial ef-
fluents. These microbes can defend themselves against the harmful effects of heavy metals through a variety of methods, including
adsorption, absorption, methylation, oxidation, and reduction. Numerous Cr-reducing bacteria have been identified from different
contaminated areas including Bacillus [29,30], Pseudomonas [30,31], Microbacterium [32], Desulfovibrio [33], Enterobacter [34],
Escherichia [35], and so on, indicating essential strategies for the bioremediation of Cr (VI) contamination [36].

The novel contribution of this study identifies highly chromium-reducing bacteria from diverse ecological and geographical lo-
cations in Bangladesh, differing from previous publications [37]. This research investigates the minimum inhibitory concentration
(MIC) of bacteria against varying chromium concentrations and incubation times. It compares previous studies, using similar methods
for isolation, screening, and characterization of bacterial strains. The study also evaluates the chromium reduction abilities of isolated
bacteria spectrophotometrically [37]. So the previous studies have found chromium-resistant bacteria from contaminated sites in
different countries rather than Bangladesh, suggesting a different geographic location and slightly different bacteria genera in these
studies.

However, the use of microorganisms for the bioremediation of heavy metals and other harmful compounds has not yet been
initiated in developing countries like Bangladesh, no relevant research has been conducted and no high chromium-reducing bacteria
have been observed according to the previous studies. Therefore, the goal of this research was i) isolation and identification of high
chromium reducing bacterial strain from tannery effluents, ii) assessment of their reduction capabilities from highly toxic Cr (VI) to
less or non-toxic Cr (III).

2. Materials and methods
2.1. Chemicals & reagents

All chemicals and reagents used in this study were American Chemical Society (ACS) analytical grade unless stated otherwise.
American Society for Testing and Materials (ASTM) type 1 deionized water was used for all experiments which was supplied from
Ultrapure Water Purification Systems (Arium comfort 2, Sartorius, Germany). All the agar media (LB Agar, Nutrient Agar, Kligler’s Iron
agar, MIU medium base, and Simmon’s citrate agar) used in the present study were procured from HiMedia Laboratories, India. 1, 5-
diphenylcarbazide, Potassium dichromate (KoCr207), Sodium chloride (0.85% NaCl), Sodium hydroxide (2 mol/L NaOH), Sulfuric
Acid (0.2 mol/L H2SO4), Acetone, and Hydrogen peroxide (H202) were obtained from Sigma-Aldrich (St. Louis, MO, USA). 1 mol/L
HNOj3 and NaOH solutions were prepared using analytical grade nitric acid (HNO3) and sodium hydroxide (NaOH) and, were used to
adjust the pH of the solution [38]. All stock solutions were kept in amber glass bottles in a dark place to prevent degradation.

2.2. Sample collection

The areas where this study was conducted were Hazaribag, Dhaka and Jhaowchar, Hemayetpur, Savar, Dhaka (Fig. 1). A total of

Table 1
List of different samples collected from study areas.
Sample Sample Sample location Place Condition of Sample Collection
No. Type
1 Soil Tannery Mor, Hazaribag, Dhaka Luna Tannery 3 cm deep soil
2 Jhaowchar, Hemayetpur, Savar, Dhaka Dhaleshwari 5 cm deep soil
Riverbank
3 Jhaowchar, Hemayetpur, Savar, Dhaka Apex Tannery 5 cm deep soil
Limited
4 Effluent or/and Jhaowchar, Hemayetpur, Savar, Dhaka Apex Tannery Direct effluent from tank
Water Limited
5 Jhaowchar, Hemayetpur, Savar, Dhaka The Comilla 15 cm deep from salt-treated store house
Tannery Ltd.
6 Jhaowchar, Hemayetpur, Savar, Dhaka Central drain Effluent stream
Water
7 Jhaowchar, Hemayetpur, Savar, Dhaka Dhaleshwari 15 cm deep

River water
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seven samples (Table 1) were collected from different tannery industries and surrounding areas. The data in Table 1 was used to collect
different samples for remediating different contaminated sites. Considering the analysis of samples from both soil and effluent provides
a clear picture of the chemicals environmental impact in terms of persistence, mobility, and potential contamination pathways. Finally
collected samples were immediately transported to the laboratory and stored in the refrigerator at —4 °C until further use [39].

2.3. Screening of chromium resistant bacteria

For the isolation of chromium resistant bacteria, about 1.0 g soil sample was dispersed in 100 mL deionized water. A serial dilution
was made up to 107> of both effluent and soil samples with sterile physiological saline (0.85%). From different dilutions, 100 pl of the
sample was spread on LB agar media and nutrient agar media supplemented with 500 mg/L of K5Cr,0O and incubated for 48-72 h at
37 °C to identify bacterial colonies [40].

2.4. Isolation of pure cultures

Out of several colonies obtained from serial dilution by spread plate techniques, unique colonies were selected based on the colony
morphology. The selected colonies were separately cultured by streak plate method and incubated at 37 °C for 48-72 h. The colony
shape, color, size, opacity, pigmentation, and texture of each isolate were examined. Then the pure colonies were enriched in fresh LB
broth media for 18-24 h of incubation [41]. Finally, stocks were prepared with 40% glycerol and kept at —20 °C for future investi-
gation [42].

2.5. Determination of minimum inhibitory concentration (MIC)

MIC of chromium was assessed by growing the desired isolates on different media (LB agar media and Nutrient agar media) until
the isolates failed to grow on agar plates. The concentration of KoCry07 used for the determination of MIC ranged from 500 mg/L to
8000 mg/L on LB agar media and 500 mg/L to 800 mg/L on Nutrient agar media. After 48 h of incubation period, the growth of the
bacterial isolates was observed [43].

2.6. Stock solution preparation for chromium reduction

Chromium stock solution was prepared by adding various concentrations of KoCr,07 (50, 100, 200, 300, 500, and 1000 mg/L) on
LB media. 0.5% of 1, 5-diphenylcarbazide solution was prepared in acetone and mixed readily with 0.2 mol/L H3SO,4 for the acid
digestion of the solution. The 24-h bacterial cultures were inoculated into the leveled test tubes containing chromium solution (50,
100, 200, 300, 500, 1000 mg/L of chromium). A reagent blank was used as a control to compare chromium reducing activity of
bacterial isolates. Sulfuric acid (0.2 mol/L, 1 mL) and 0.5% 1, 5-diphenylcarbazide (1 mL) were also added to specific leveled test
tubes. The mixture was left for at least 5 min for full-color development. The bacterial isolates were assessed for reduction if any Cr (VI)
remained on the supernatant [44].

2.7. Assessment of Cr (VI) reduction activity

The ability of the bacterial isolates to reduce Cr (VI) into a less toxic form was analyzed using the diphenylcarbazide (DPC) method
by estimating the decrease in hexavalent chromium concentration [45]. The 24-h bacterial cultures were inoculated in LB broth
medium containing (50, 100, 200, 300, 500, and 1000 mg/L) of Cr (VI) as K2Crs07 at 30 °C to estimate the chromium reduction
activity. The isolates were collected by centrifugation at 13,000 rpm for 10 min. The concentration of Cr (VI) in the supernatant was
determined by UV-Visible spectrophotometer to measure the absorbance of Cr (VI)-DPC complex against reagent blank. When
chromate and DPC combine, a purple complex is developed that absorbs light at 540 nm. The following formula was used to calculate
the percentage of Cr (VI) reduction [46]:

Absorbance of control — Absorbance of sample
%of Cr (VI) = 100
bof Cr (V1) ( Absorbance of control X

The reduction activity for 100 mg/L of K2Cry07 concentrations was also measured separately for selected isolates.

2.8. Phenotypic, biochemical, and molecular characterization of desired isolates

Different isolates were characterized based on colony morphology, size, shape, opacity, color, pigment secretion, etc. Gram staining
was also performed to differentiate gram-negative bacteria from gram-positive. The biochemical tests were performed e.g. Citrate
utilization test, nitrate reduction test, oxidase test, catalase test, indole test, urease test, CO5 production test, HoS production test, etc.
[471.

For molecular identification, genomic DNA was extracted by an automated DNA extractor (Maxwel-16, Promega, USA), and
Maxwell blood kit reagent was used. Then 300 pl of 24-h bacterial culture was taken and DNA was extracted. DNA can be quantified by
a NanoDrop Spectrophotometer (Model: ND2000, Origin: Thermo Scientific, USA). 16S rRNA gene was amplified by PCR using 16S
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rRNA primers such as forward primer 27F (5' GAGAGTTTGA TCCTGGCTCAG-3") and reverse primer Ul1492R (5-CTACGGC-
TACCTTGTTACGA-3"). For PCR, Astec Thermal Cycler (Model: G2, Origin: Astec, Japan) was used and Hot Stat Master Mix, (Cat:
M7432, Origin: Promega, USA) reagent was used. The total reaction volume was 30 pl. Genomic DNA from strains A2, and B1 was
taken as templates. The total amplicon size was 1465 bp. PCR was performed by pre-heating at 95 °C for 3 min, denaturation at 95 °C
for 30 s, annealing at 48 °C for 30 s, extension at 72 °C for 1 min, and a final extension at 72 °C for 5 min followed by 35 cycles, and
finally hold at 4 °C for overnight.

For gel electrophoresis, agarose (Cat: V3125, Origin: Promega, USA); 100 bp DNA Ladder (Cat: G2101, Origin: Promega, USA);
ethidium bromide solution (Cat: H5041, Origin: Promega, USA); TAE Buffer (Cat: V4251, Origin: Promega, USA) reagents were used.
Finally gel documentation was done by alpha imager (Model: mini, Origin: ProteinSimple, USA).

3. Results
3.1. Screening and isolation of chromium resistant bacteria

A total of 20 bacterial strains were isolated from selected tannery industries and it was found that all strains were able to grow in the
presence of 500 mg/L K,Cry07 (Fig. 2). However, six isolates showed chromium reducing ability designated as A1, A2, B1, F1, K1, and
P1 in Fig. 2, and resistance was determined against varying concentrations of chromium (500-8000 mg/L). Among these six isolates,
A2 and B1 were found to be the most promising strains that were selected for further study based on their highest resistance properties.

3.2. Determination of minimum inhibitory concentration (MIC)

The study assessed bacterial strain’s tolerance to chromium Cr (VI) using growth responses under different concentrations (Figs. 3
and 4). Six strains (A1, A2, B1, F1, K1, and P1) were examined up to 8000 mg/L of K5Cr207 on LB agar media and 800 mg/L on Nutrient
agar medium. Among them, A2 and B1 showed the highest Cr (VI) tolerance (7700 mg/L & 7200 mg/L respectively), whereas
development of the other strains was significantly inhibited by Cr (VI) at concentrations greater than 6500 mg/L of K2Cry07 on LB
media (Table 2). The resistance level was determined at 37 °C after 48 h in a shaking incubator.

Figs. 3 and 4 indicate the graphical representation of chromium tolerance of isolated bacteria at different concentrations on LB agar
media and nutrient agar media. If the concentration increases thus the number of types of bacterial strains decreases and determines
MIC. So, the highest tolerance capability was 7700 mg/L and 800 mg/L on LB agar media and nutrient agar media respectively.

Bacterial strain A2 can tolerate chromium concentration of about 7700 mg/L on LB agar media, represented in Fig. 5(A-F).

A2 can tolerate up to 800 mg/L of K3CrpOon nutrient agar media, represented in Fig. 6(A-D).

Bacterial strain B1 can tolerate up to 7200 mg/L of K2Cr207 on LB agar media, represented in Fig. 7(A-F).

B1 can tolerate up to 580 mg/L of K3Crp0 on Nutrient agar media, represented in Fig. 8(A-C).

3.3. Assessment of chromium reduction activity

The chromium stock solution was used to prepare both the control and samples for the assessment of reduction activities. Chro-
mium (VI)-DPC complex, also known as diphenylcarbazide complex, was formed, yielding the solution a light to dark pink color. The

Fig. 2. Pure cultures of selected bacterial isolates.
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Fig. 4. Cr tolerance of bacteria at different concentration on Nutrient agar media.

Table 2

Minimum Inhibitory Concentration of selected isolates.

Minimum Inhibitory Concentration (mg/L)

Isolates Media Concentration
Al LB agar 7100 mg/L
Nutrient agar 650 mg/L
A2 LB agar 7700 mg/L
Nutrient agar 800 mg/L
Bl LB agar 7200 mg/L
Nutrient agar 580 mg/L
F1 LB agar 6800 mg/L
Nutrient agar 550 mg/L
K1 LB agar 6900 mg/L
Nutrient agar 700 mg/L
P1 LB agar 6500 mg/L
Nutrient agar 500 mg/L

Heliyon 10 (2024) e27821

reduction of chromium for six bacterial isolates was assessed (A1, A2, B1, F1, K1, and P1) at the concentrations of 50, 100, 200, 300,
500, and 1000 mg/L after 48 h of incubation using LB broth and all bacterial isolates were successfully reduced 100 mg/L of chromium

(shown in Table 3).

The reduction activity of Cr (VI) was assessed for the two most promising isolates (A2 and B1) and both were successfully reduced
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(C) 5000 mg/l K,Cr,0,

(D) 6000 mg/l K,Cr,0, (E) 7000 mg/l K,Cr,0; (F) 7700 mg/1 K,Cr,0,

Fig. 5. Assessment of Minimum inhibitory concentration (MIC) of A2 on LB agar media (after 48 h of incubation). (A) Control that has huge
bacterial growth; (B-E) bacterial growth decreases gradually, and (F) no bacterial growth. That means that the bacterial growth on the plate (F) was
inhibited completely by 7700 mg/L of chromium concentration.

(A) Control (Without Cr) (B) 500 mg/l K,Cr,0, (C) 700 mg/l K,Cr,0, (D) 800 mg/l K,Cr,0,

Fig. 6. Assessment of Minimum inhibitory concentration (MIC) of A2 on Nutrient agar media (after 48 h of incubation). (A) Control has huge
bacterial growth; (B and C) bacterial growth decreases gradually, and (D) no bacterial growth. That means that the bacterial growth on plate (D) was
inhibited completely by 800 mg/L of chromium concentration.

100 mg/L of chromium (Fig. 9 & Fig. 10). Fig. 9 shows the percentages of Cr (VI) reduction by isolate A2 where the concentration of Cr
(VI) was ranging from 0 mg/L to 1000 mg/L, at the concentration of 50 mg/L, the optical density (OD) was 0.00259 and the reduction
of Cr (VI) was 97.99%, after increasing the conc. at 100 mg/L, 200 mg/L, 300 mg/L, 500 mg/L and 1000 mg/L, the chromium
reduction was 97.68%, 84.21%, 66.40%, 44.33%, and 26.30% respectively. On the other hand, Fig. 10 shows the percentage of Cr (VI)
reduction by isolate B1, where at the concentration of 50 mg/L, the optical density (OD) was 0.00019 and the reduction of Cr (VI) was
99.81%, after increasing the conc. at 100 mg/L, 200 mg/L, 300 mg/L, 500 mg/L and 1000 mg/L, the chromium reduction was 99.48%,
91.30%, 88.22%, 27.69%, and 11.35% respectively.

3.4. Characterization and identification of desired isolates

Six potential bacterial isolates were characterized, and promising two were further evaluated. Gram staining confirmed that only
one (K1) showed negative results, while all five (A1, A2, B1, F1, P1) showed positive results. The KIA test showed A2 and K1 were gas-
producing isolates, while P1 was motility-positive. A2 and P1 were indole-positive, and all isolates were urease-negative. Strain A1 and
A2 were citrate test positive. Based on this biochemical test, two isolates (A2 and B1) were presumed to be Bacillus sp. and Micrococcus
sp.

3.4.1. Agarose gel analysis for genomic DNA
PCR product of isolated DNA of two chromium resistant bacteria (obtained from contaminated tannery waste), such as Bacillus sp.
and Micrococcus sp., and a 100bp DNA ladder have been used for agarose gel analysis. It was observed that the DNA (amplicon) of these
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() 5000 mg/l K,Cr,0,

R :
(F) 7200 mg/1 K,Cr,0,

(D) 6000 mg/l K,Cr,0, (E) 7000 mg/l K,Cr,0,

Fig. 7. Assessment of Minimum inhibitory concentration (MIC) of Bl on LB agar media (after 48 h of incubation). (A) Control that has huge
bacterial growth; (B-E) bacterial growth decreases gradually, and (F) no bacterial growth. That means that the bacterial growth on the plate (F) was
inhibited completely by 7200 mg/L of chromium concentration.

(A) Control (Without Cr) (B) 500 mg/1 K,Cr,0, (C) 580 mg/1 K,Cr,0,

Fig. 8. Assessment of Minimum inhibitory concentration (MIC) of B1 on Nutrient agar media (after 48 h of incubation). (A) Control has huge
bacterial growth; (B) little bacterial growth and, (C) no bacterial growth. That means that the bacterial growth on the plate (C) was inhibited
completely by 580 mg/L of chromium concentration.

Table 3

Chromium reduction capabilities of six selected bacterial isolates using LB broth.
Isolates Media Concentration of Cr (VI) % of Cr (VI) Time

Reduction

Al Luria broth 100 mg/L ~100% 48 h
A2 Luria broth 100 mg/L ~100% 48 h
Bl Luria broth 100 mg/L ~100% 48 h
F1 Luria broth 100 mg/L ~100% 48 h
K1 Luria broth 100 mg/L ~100% 48 h
P1 Luria broth 100 mg/L ~100% 48 h

2 isolates falls within the size range of approximately 1500bp when compared with the 100bp DNA ladder (marker DNA) (Fig. 11).

Table 4 summarized the morphological and biochemical characteristics of A2 and B1 bacterial strains and their presumptive
identification was Bacillus sp. and Micrococcus sp. They can tolerate chromium up to 7700 mg/L (for A2) and 7200 mg/L (for B1) on LB
agar media. They can also grow on Nutrient agar media. Both strains showed ~100% reduction capability for 100 mg/L of chromium.
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Fig. 9. Percentages of Cr (VI) reduction by isolate A2. X-axis: represents the concentration of Cr (VI) in mg/L. Y-axis: represents the optical density.
Blue Line: shows that as the concentration of Cr (VI) increases, the optical density also increases. Orange Line: represents that as the concentration
of Cr (VI) increases, the percentage of Cr (VI) reduction decreases. This suggests that isolate A2 was effective in reducing approximately 100% Cr
(VD) at 100 mg/L concentration. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of
this article.)
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Fig. 10. Percentages of Cr (VI) reduction by isolate B1. X-axis: shows the concentration of Cr (VI) in mg/L. Y-axis: represents the optical density.
Blue Line: represents that as the concentration of Cr (VI) increases, the optical density also increases. Green Line: shows that as the concentration
of Cr (VI) increases, the percentage of Cr (VI) reduction decreases. This suggests that isolate B1 was effective in reducing approximately 100% Cr
(VD) at 100 mg/L concentration. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of
this article.)

4. Discussion

Chromium and other toxic heavy metal pollution is a major issue in developing countries like Bangladesh, Pakistan, and India,
posing threats to the natural fauna and flora, cropland, water sources, and food chains [48-52]. Several physical or chemical processes,
such as adsorption, electrodialysis, ion exchange, precipitation, reduction, reverse osmosis, etc. are used to remove chromium from
industrial effluent. Physical or chemical methods for heavy metal removal are expensive, have drawbacks like insufficient removal,
excessive reagent consumption, high energy requirements, and toxic sludge production, and are only viable at moderate to high metal
concentrations [53]. In contrast to all other attempts to address chromium contamination in the environment, bioremediation is the
most eco-friendly, cost-effective, and safe method to perform [54].

The current study conducted with the primary screening of all bacterial isolates from different soil and effluent samples through
culture on different bacterial growth media containing 500 mg/L of K2Cr207 revealed that these isolates can tolerate a high level of
chromium. Based on these tolerance capabilities, 20 different strains were isolated. High levels of resistance have been reported in
bacteria isolated from Cr (VI) contaminated sites [55]. Six different isolates were sorted out from all other isolates by measuring MIC
and they were leveled as Al, A2, Bl, F1, K1, and P1. Different concentrations of Cr (VI) from 500 mg/L to 8000 mg/L were used to
determine the MIC of all isolates. For further study A2 and B1 were selected for the assessment of chromium reduction activity by
culturing them on LB agar and Nutrient agar media. For strain A2, the MIC was 7700 mg/L on LB agar, and 800 mg/L on Nutrient agar
media. On the other hand, for strain B1, the MIC was 7200 mg/L, and 580 mg/L on LB agar and Nutrient agar media respectively.
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Fig. 11. Agarose gel analysis of DNA (PCR product) of two chromium resistant bacteria. Lane 1: A2, Lane 2: B1, and comparison of different base
pairs (bp) with marker DNA (100 bp DNA ladder).

Table 4

Overview of the study: Identification of the two most promising isolates (A2 & B1).

Bacterial isolates

Morphological characteristics

A2 B1

Luria-Bertani agar

7700mg/L

Colony color Grey Golden yellow
Colony size Large Medium
Colony shape Rough, circular Smooth, circular
Opacity Transparent Light transparent
Capsule Capsulated No
Pigment secretion No No
Biochemical characteristics
Gram nature Positive Positive
Gas production CO» No
H>S production No No
Motility Non-motile Non-motile
Indole Positive Negative
Urease Negative Negative
Citrate Positive Negative
Catalase Positive Positive

Chromium tolerate capability

7200mg/L

Nutrient agar

800mg/L

580mg/L

Chromium reducing capability

Identification of isolates

Presumptive identification

Bacillus sp.

Concentration: 50 mg/L 97.99% 99.81%
Concentration: 100 mg/L 97.68% 99.48%
Concentration: 200 mg/L 84.21% 91.30%
Concentration: 300 mg/L 66.40% 88.22%
Concentration: 500 mg/L 44.33% 27.69%
Concentration: 1000mg/L 26.30% 11.35%

Micrococcus sp.
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Several biochemical tests, including gram staining, catalase, citrate, KIA, and MIU were used to identify desired isolates A2 and B1.
Based on morphological and biochemical characteristics, these isolates are assumed to be Bacillus sp. and Micrococcus sp. but
phenotypic characterization may not confirm species identification, requiring 16S rRNA gene sequencing for stronger evidence.

The resistance properties of Bacillus sp. and Micrococcus sp. on different media vary depending on media compositions and the
collected sources. Many different Bacillus sp. collected from different sources can tolerate KoCry0; between 104 mg/L and 8834 mg/L
on different media [56]. Ochrobactrum intermedium and Brevibacterium spp. could tolerate up to 40 mg/mL K2CrO4 on nutrient agar, 25
mg/mL in nutrient broth, and up to 10 mg/mL in acetate-minimal media [57]. In our study, Bacillus sp. (A2) was cultured on both LB
agar, and nutrient agar media, and their tolerance capability was 7700 mg/L, and 800 mg/L respectively.

On the other hand, different Micrococcus sp. collected from different sources can tolerate up to 7067 mg/L of K3Cr,0O7 on LB agar
media [57]. Our isolated strain Micrococcus sp. (B1) was cultured on LB agar, and nutrient agar media, and their tolerance capability
was 7200 mg/L, and 580 mg/L respectively. This means the resistance properties of different bacteria are dynamic, and not stable
depending on used media and collected sources [58]. Our present research confirms the validity of bacterial Cr (VI) tolerance capa-
bility, with Bacillus sp. and Micrococcus sp. able to tolerate up to 7700 mg/L and 7200 mg/L of Cr (VI) respectively on LB agar media.

Bacteria are highly resistant which doesn’t mean they can reduce the high or the same amount but it might be the most important
criteria to judge reduction capabilities [58]. In our present study, the reduction activity of Bacillus sp. (A2) and Micrococcus sp. (B1) was
measured by using a UV-Visible Spectrophotometer using LB broth medium. The measurement was taken for both two isolates after 48
h of incubation at concentrations of 50, 100, 200, 300, 500, and 1000 mg/L of Cr (VI) respectively. Micrococcus sp. (B1) has the highest
chromium reduction capability (99.48%) at 100 mg/L chromium concentrations than Bacillus sp. (A2) (97.68%). All six selected
isolates (A1, A2, B1, F1, K1, and P1) showed approximately 100% reduction capability at 100 mg/L of Cr (VI) concentration. According
to Masood and Malik [59], Bacillus sp. can reduce 50 mg/L and 100 mg/L of chromium 100% within 12 h and 48 h respectively. We
have observed the reduction capabilities for both 50 mg/L and 100 mg/L at 48 h and found almost 100% reductions from both of these
observations, a result consistent with Micrococcus sp. as well.

This research was so challenging due to the highly toxic nature of chromium, its screening capabilities, and the accuracy of
quantitative chromium reduction assessment by isolated strains using analytical methods. So, the original achievement was the
identification of Bacillus sp. (A2) and Micrococcus sp. (B1) with high chromium tolerance, demonstrating nearly 100% reduction of
chromium at 100 mg/L concentration to non-toxic form using accurate optimized analytical methods. Finally, this study may provide
some valuable information about the hazardous consequences of Cr (VI) and may be useful to achieve an environment that is free of Cr
(VD) toxicity.

5. Conclusion

Urban areas frequently suffer from land pollution due to industrial and municipal wastes, which pose a threat to humans, aquatic
life, plants, and other organisms. Tannery industries, which produce leather from hides and skin, are responsible for most of this
pollution. This study, therefore, aims to identify the bacteria that can reduce chromium (VI) to (II) using a spread plate technique on
Luria Bertani agar medium and Nutrient agar media amended with KyCry07. Using these media Bacillus sp. named as A2 and
Micrococcus sp. named as Bl were identified from tannery effluent in the Hazaribag and Hemayetpur industrial area of Dhaka,
Bangladesh. These strains can effectively reduce hexavalent chromium under a wide range of environmental parameters. The isolated
bacterial strains showed excellent activity towards the reduction of chromium. So, the bacterial strains Bacillus sp. and Micrococcus sp.
can be applied in the bioremediation of chromium-containing areas, as it found to have the potential to reduce the toxic hexavalent
chromium to its less toxic trivalent form that could safely be released into the environment.
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