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Abstract - Arsenic (As) contamination in groundwater has emerged as a serious environmental concern in recent years.
However, efforts and initiatives to address this issue have been relatively limited. The present study explores a nature-based,
sustainable approach for the remediation of dissolved arsenic in groundwater. Building on earlier research that identified and
characterized two bacterial strains, this investigation examines their bioremediation potential. The strains, Brevibacillus
borstelensis (coded as S1(c)) and Paenibacillus dendritiformis (S3(r)), were found to remove arsenite (As3* ) from
groundwater by up to 30.03+0.33% and 33.95+0.27%, respectively.
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1.INTRODUCTION

Arsenic contamination in groundwater is a widespread environmental issue with significant implications for public health.
Arsenic, a naturally occurring element and graded as class-I carcinogen by ICMR [1], in its inorganic forms is present as
As3+ and As5* in soil and water. As3* being more toxic gets dissolved into groundwater [2]. The source of As in
groundwaters is geogenic [3-4] as well as anthropogenic [5]. As reaches food chain through consuming contaminated food
and water [6-7] posing chronic health risks to communities that are dependent on these water sources. A recent study in
Samastipur district of Bihar state by Jha et al, (2023) [8] observed 100% cancer risk in human population. Apart from
cancer it causes several other health problems like skin diseases, neurological and gastric disorders [9-11].

Mitigating arsenic contamination from groundwater and soil is a challenge that requires comprehensive strategies and
efforts. Bioremediation is a natural process to tackle pollution problems like heavy metals [12] and other pollutants, in the
environment, done with the help of bacteria, plants, and fungi. Bacteria munch on pollutants, plants soak them up through
their roots (phytoremediation), and fungi assist in the cleanup process too (rhizoremediation). This eco-friendly method
remove harmful substances from soil and water [13]. In Bihar state, a recent study by Kumar et al, (2021) [14] states that
22 out of 38 districts are arsenic contaminated. Hence, bioremediation by various microbial communities might contribute
in restoring arsenic-contaminated groundwaters. Hajipur (located in Vaishali district of Bihar) is one of the arsenic
contaminated areas and sustainable mitigation techniques to mitigate arsenic contamination is the present need.

2.STUDY AREA

Hajipur (25.6924N, 85.2083E) is located in the Vaishali district of Bihar, India (Figure 1). It lies along the banks of the
Ganges River, contributing to its vulnerability to arsenic contamination. Vaishali district is identified as an arsenic affected
area with significant levels of arsenic in its groundwater, with arsenic concentrations exceeding the safe limits set by WHO
and BIS (0.01ppm). The alluvial soil and sediment composition contribute to arsenic leaching into the groundwater.
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Figure 1. Map representing site of sample collection
Previously reported bacterial strains

Brevibacillus borstelensis and Paenibacillus dendritiformis were isolated and identified from the soils of Hazipur block,
and this work has been published [15 & 16].The following are the previously published results of biochemical tests done at
CSIR-IMTECH (MTCC lab.) Chandigarh of the above mentioned bacterial strains.

Biochemical test results
[i] Brevibacillus borstelensis strain S1(c)

The biochemical characterization of Brevibacillus borstelensis strain S1(c) revealed several notable features. The strain
tested positive for amylase activity, indicating its ability to hydrolyze starch, while it showed a negative result in the skim
milk agar test. In carbohydrate fermentation tests, it exhibited strong positive fermentation for glucose (+++), moderate
positive fermentation for lactose (++), and sucrose (++), demonstrating its capacity to utilize these sugars. The strain also
tested positive for oxidase activity, but was negative for citrate utilization, indicating it cannot use citrate as the sole
carbon source. In the triple sugar iron agar (TSI) test, acid production was observed, reflecting its ability to ferment sugars
and produce acidic byproducts.

[ii] Paenibacillus dendritiformis - S3(r)

The biochemical characterization of Paenibacillus dendritiformis strain S3(r) showed distinct metabolic properties. The
strain exhibited a strong positive (+++) result in the amylase test, indicating a high ability to hydrolyze starch, while it was
negative in the skim milk agar test. In carbohydrate fermentation tests, it showed moderate positive fermentation for
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glucose (++), no fermentation of lactose (-), and moderate positive fermentation for sucrose (++), reflecting selective
sugar utilization. The strain tested positive for oxidase activity and also for citrate utilization, suggesting it can use citrate
as the sole carbon source. However, in the triple sugar iron agar (TSI) test, it was negative, showing no acid production
under the given conditions.

3. MATERIALS AND METHODS
3.1. Sample collection and testing

The water sample was collected (triplicate sampling) from the same location from where soil sample was collected. The
water sample was filtered through 0.45 pm syringe filters, and Nitric acid (HNO3) was added as a preservative to prevent
arsenic adsorption and maintain its oxidation state. The preserved samples were stored in polyethylene bottles. pH was
measured with a potable pH-meter on the spot. Finally, water samples were analysed in an AAS (atomic absorption
spectrophotometer).

3.2. Culturing in arsenic amended media

The above 2 isolated strains (S1(c) and S3(r)) were incubated in the Nutrient broth media supplemented with different
concentrations of sodium arsenite (As3*)

As3+ concentration starting from 500ppb to 5000ppm was supplemented with 20ml Nutrient broth and autoclaved.
Finally, at normal temperatures, broth media was incubated (at 37°C) with the above 2 bacterial strains. Control was
maintained for each strain separately during the experiment.

Optical density/absorbance of the bacteria was noted down after every 24, 48 and 72 hours in a spectrophotometer set at
600nm wavelength to find out the minimum inhibitory concentration (MIC) and arsenic resistance in both. Experiments
were repeated thrice for the accuracy of the results.

3.3. Bioremediation potential

The bioremediation potential of both the strains S1(c) and S3(r) were analysed. Strains were incubated in the nutrient
broth media prepared in 100 ppm As3* solution and incubated at 37°C. After 24, 48 and 72 h, of incubation the 10ml
solution was centrifuged at 10,000 rpm for 10 min to separate the bacterial biomass from the broth media [17]. The
bacterial biomass obtained was further digested for As determination [18]. The final reading of arsenic concentration was
taken on a Graphite Furnace Atomic Absorption Spectrophotometer (Perkin Elmer, Pinnacle 900T, Singapore) at MCS&RC,
Patna.

4.RESULTS AND DISCUSSION
4.1.Differences of biochemical characteristics

S1(c) shows a broader sugar utilization profile and higher acid production potential. $3(r) has stronger amylase activity
and can utilize citrate, which could give it an advantage in nutrient limited conditions, and it suggests better adaptability in
environments with complex polysaccharides or citrate as a carbon source. However, both are oxidase positive and can
ferment sucrose, indicating some shared metabolic traits.

4.2. Arsenic concentration and pH of the water sample of the study area.

The mean As concentration of the water sample was found to be 0.093ppm, which is much greater than the WHO limit of
0.01ppm at 7.4 pH (slightly alkaline).

4.3.Minimum inhibitory concentration (MIC)

The maximum growth of two isolates (exponential phase) was observed at 100ppm, followed by a gradual decrease, and
finally the growth stopped at 3000 ppm at 72 hours for S1(c) and at 48 hours for S3(r). Hence, the minimum inhibitory
concentration (MIC) of these two isolates was at 3000ppm at different time durations (Table 1a,1b and Figure 2,3). The
growth pattern of isolates S1(c) and S3(r) shows their arsenic tolerance.
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Table 1a. Table represents absorbance and concentration of S1(c) at different As3+ concentration after 24,48 and 72 hours

of growth.

24 hours 48 hours 72 hours
As3* conc. | Absorbance | Concentration Absorbance | Concentration | Absorbance Concentration
500ppb 0.169 88.78 0.545 3362.39 0.988 7219.3232
1000ppb 0.167 71.37 0.483 2822.59 1.001 7332.5064
5ppm 0.132 0.00 0.389 2004.19 0.57 3580.048
10ppm 0.138 0.00 0.306 1281.56 0.619 4006.6616
50ppm 0.27 968.13 0.448 2517.87 1.008 7393.4512
100ppm 0.72 4886.01 0.92 6627.29 0.831 5852.4184
500ppm 0.399 2091.25 0.834 5878.54 1.345 10327.508
1000ppm 0.087 0.00 0.409 2178.32 1.105 8237.972
2000ppm 0.019 0.00 0.064 0.00 0.138 0
3000ppm 0.001 0.00 0 0.00 0 0

Table 1b. Table represents absorbance and concentration of S3(r) at different As3+ concentration after 24,48 and 72 hours

of growth.
24 hours 48 hours 72 hours

As3+ conc. Absorbance Concentration | Absorbance Concentration | Absorbance | Concentration
500ppb 0.71 355.82 0.76 394.37 0.896 499.21
1000ppb 0.74 378.95 0.917 515.40 1.038 608.68
5ppm 0.521 210.12 0.809 432.14 1.019 594.04
10ppm 0.737 376.64 0.855 467.61 1.103 658.79
50ppm 0.757 392.06 0.973 558.58 1.206 738.20
100ppm 0.76 394.37 1.029 601.75 1.324 829.17
500ppm 0.634 297.23 0.793 419.81 0.95 540.84
1000ppm 0.51 201.64 0.77 402.08 1.164 705.82
2000ppm 0.061 0.00 0.054 0.00 0.134 0.00
3000ppm 0.005 0.00 0.003 0.00 0 0.00

*Unit of concentration is colony forming units per millilitre (CFU/ml), ppb is parts per billion, ppm is parts per million
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Figure 2. Growth of S1(c) after 24,48 and 72 hours of inoculation
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Figure 3. Growth of S3(r) after 24,48 and 72 hours of inoculation
4.4.Possible bioremediation of arsenic by these bacterial strains

When exposed to an arsenic concentration of 100 ppm in a broth medium for 72 hours, strain S1 (c¢) accumulated 180.2
ppm of arsenic in its biomass, achieving 30.03% bioremediation. In contrast, strain S3(r) demonstrated a higher arsenic
uptake, with 203.7 ppm in its biomass, resulting in 33.95% bioremediation (Table 2). In the similar findings by Mandal,
Sonar, et al,, (2022) [19] at the presence of varying arsenic concentrations (2 ppm, 10 ppm, and 50 ppm), Lysinibacillus sp.
and Bacillus safensis demonstrated significant bioremediation potential. Lysinibacillus sp. exhibited bioremediation rates of
31.20-32.33%, while Bacillus safensis achieved slightly higher rates of 35.24-37.54%.
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Dey et al, (2016) [17] found 2 isolates (SW2 and SW4) from water samples collected in Purbasthali block of Burdwan,
West Bengal, India, which can remove 51.45% and 51.99% of arsenite and 53.29% and 50.37% of arsenate.

Arsenic-resistant bacteria, isolated from soil samples in Ratanpur Village, Varanasi District, Uttar Pradesh, demonstrated
significant arsenic removal capabilities. TY6 exhibited a removal efficiency of 96 + 0.816% for As5* and 66 * 0.471% for
As3* ,while K7Pb achieved 98 * 0.942% and 78 *+ 1.247% removal for As5* and As3* respectively in the recent findings
[20].

Table 2: Bioremediation potential of bacterial strains

Strain As dose mixed in | As in bacterial biomass | % bioremediation after 72
broth (ppm) after 72 h (ppm) h

S1(c) 100ppm 180.2ppm 30.03+0.33%

S3(r) 100ppm 203.7ppm 33.95+0.27%

3. CONCLUSIONS

Both bacterial isolates, S1 (c) and S3 (r), showed maximum growth at 100 ppm. The growth of the isolates stopped at 3000
ppm (MIC), with S1 (c) reaching MIC at 72 hours and S3 (r) at 48 hours. Both bacterial strains, were effective in removing
arsenic from the medium, with S3 (r) showing superior efficiency. Strain S1 (c) achieving 30.03+ 0.33% bioremediation,
while strain S3(r) resulting in 33.95+ 0.27% bioremediation.
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