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Highlights

e Arsenic contamination in groundwater is widespread, with notable local variations.
e Arsenic and microbial contamination co-occur across the study site.

e Land use activities are a primary contributor to groundwater contamination.

e  Safe drinking water sources and monitoring programs are needed.

Abstract

The co-occurrence of arsenic (As) and microbial pathogens in groundwater represents a serious threat to public
health. The complex interactions between chemical and microbial parameters can increase mobility and
bioavailability of As, exacerbating water quality challenges in affected regions. The present study deals with the
screening of As and microbial contamination in drinking water wells in rural villages of West Bengal, India. The
percentage of As contaminated tube wells (i.e., >10 pg/L) is highest in Dewli (81.66%), followed by Ghentugachi
(72.37%), Dubra (60.37%) and Sorati (54.72%). The presence of microbial parameters (i.e., total and fecal coliform
bacteria) is highest in Silinda-Il (68.21%), whereas lowest percentage in Madanpur-| (7.94%). Additionally, the co-
occurrence of As contamination and total and fecal coliform bacterial populations in tube wells is also determined.
Silinda-ll has the highest As and microbial presence in 34.65% of the tube wells, whereas, the lowest percentage
was observed in Tatla-ll, constituting 1.47% of the tube wells. The co-occurrence of As and microbial pathogens in
tube wells varies geographically across several villages in the study area. Such observation is primarily linked to
rural land use, tube well depths, and the location of tube wells close to the pit latrine, pond, and agricultural land.
This study highlights the necessity for immediate intervention to improve water quality in rural villages, such as the
improvement of sanitation infrastructure, and monitoring of tube wells to ensure safe drinking water supply.
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I. Introduction

Groundwater is a critical natural resource that is essential for both daily human activities and economic
development. However, groundwater quality is increasingly threatened due to uncontrolled extraction for
agricultural and industrial activities, increase in demand associated with population growth, climate and land use
changes (Foster and Chilton, 2003; Nath et al,, 2021). The occurrence of arsenic (As) and the presence of
microbial pathogens in groundwater posing significant risks to public health (van Geen et al, 2011; Dong et al.,
2024). Arsenic, a naturally occurring metalloid, releases into groundwater primarily through geogenic processes,
such as the reductive dissolution of As-bearing minerals in alluvial aquifers (Bhattacharya et al.,, 1997; Nickson et
al., 1998; Harvey et al.,, 2005; Pathak et al., 2022). Exposure to As-contaminated water is associated with severe
health consequences, including skin lesions, cancer, cardiovascular diseases, and developmental disorders
(Chakraborti et al., 2018). Long term intake of As-enriched groundwater causes health crisis in many countries
worldwide, especially in Gangetic plain of India and Bangladesh (Chakraborti et al., 2018).

Arsenic enrichment in Gangetic plain is a long debated natural phenomenon creating health hazards to the
large community since groundwater is a commonly used sources of drinking water in rural and urban areas
because of its easy accessibility and free from pathogens (Mall et al., 2006; Nath et al., 2008). Rigorous studies
were undertaken to understand the sources and mobilization processes of As and to develop proper mitigation
strategy (Harvey et al., 2005; Nath et al., 2022). The presence of As in drinking water has emerged as a great
concern on the health of millions of inhabitants through their sufferings (Saha and Chakraborti, 2001; Mukherjee et
al., 2006; Chakraborti et al., 2018). Additionally, the use of As-contaminated groundwater for irrigation posing
adverse effects on the crop yield (Sandil et al., 2021). Due to this, As is entering the food chain through
groundwater-soil-crop-food transfer. Epidemiological study of population exposed to high level of As ingestion via
drinking water was reported in many countries, including Argentina, Bangladesh, Chile, China, India, Mongolia, and
Taiwan (Chatterjee et al,, 2010; Leber et al., 2010; Huang, 2014; Lu et al., 2016). Studies revealed that arsenate, the
analog to phosphate, can be able to transport phosphate anion and replace that through biogeochemical reaction.

Fecal coliform presence in groundwater systems is an important public health issue in rural areas. Shallow
aquifers are mostly affected by fecal coliform bacteria, which indirectly involved in releasing As from sediment to
groundwater (Islam et al., 2001; Neumann et al., 2009; Valenzuela et al., 2009; van Geen et al.,, 201 I; Shen et al,,
2013). The most compelling evidence is that a large number of microbial pathogens and a high concentration of As
were found in areas where surface water is recharging the groundwater (Islam and Mostafa, 2021; Barman et al,,
2024). These lotic and lentic movements influence As biogeochemical processes by affecting its mobilization,
transformation, and distribution in aquatic systems (Leber et al., 2010; Majumder et al., 2016). The most common
bacteria found in water systems include Pseudomonas sp. (typically forming white, cream, or greenish-blue
colonies), Achromobacter sp. (typically forming white to pale yellow colonies), and Rhizobium sp. (typically forming
white, cream, or pale-yellow colonies) (Madigan et al., 2015). Most of them are catalase-positive, citrate-utilizing,
and predominantly Gram-negative bacteria (Shen et al., 2013; Sarkar et al, 2014; Wang et al,, 2016). Arsenate
respiration occurs when organic carbon and hydrogen sulfide are oxidized, and arsenate is converted to arsenite
through a natural microbial process (Malasarn et al., 2004; Wang et al, 2016). The distribution patterns of
microbial communities in the sediment are diverse and heterogeneously distributed, which induces mobilization of
As from sediment to groundwater (Gnanaprakasam et al., 2017). These aquifers mostly contain high amounts of Fe,
NH.", and total organic carbon (TOC), which drive microbial processes (Leber et al., 2010; Lu et al., 2016).

In West Bengal, the alluvial aquifer is vulnerable to As and microbial contamination (Barman et al., 2024).
Considering the hazard to human health posed by As and microbial pathogens, the screening of drinking water
wells is needed to determine the extent of contamination in different geographic regions to highlight various
interventions for the local governments to adopt. Therefore, our present study is aimed to identify the occurrence
and distribution of As contamination as well as the presence of microbial pathogens in rural drinking water wells in
West Bengal, India. We have quantitatively determined As and microbial parameters in groundwater samples from
these affected regions.

2. Materials and methods
2.1 Study area

The study area is located in Chakdaha Block (23.02-23.14°N and 88.49-8.62°E), Nadia district, West Bengal (Fig.
1). The location of the study area is approximately 65 km north of Kolkata and nearly 175 km inland from the
present-day coastline of Bay of Bengal. The area is an integral part of the Ganges River delta. The area is largely
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Figure |. Map of the study area showing the location of the studied gram panchayats in Chakdaha block of West Bengal, India. (a)
The location of Nadia district, including the administrative boundaries of |7 blocks. (b) The administrative boundaries of |7 gram
panchayats within the Chakdaha block. The administrative boundaries also include three municipalities (not included in this study).

made of alluvium deposited by the Ganges River. The ambient temperatures are largely varying, which is ranging
between 12°C and 42°C indicating winter and summer.

The groundwater is collected from shallow tube wells (<50 m below ground level), which is primarily acting as
a source of drinking water for the entire rural population. The water quality survey was conducted in seventeen
Gram Panchayat (GP), a local governance unit overseeing rural village clusters. These village clusters are: Dewli,
Routari, Shimurali, Ghentugachi, Madanpur-l, Madanpur-ll, Chanduria-l, Chanduria-ll, Saguna, Dubra, Sorati,
Kanchrapara, Hingnara, Tatla-l, Tatla-ll, Silinda-l and Silinda-Il. The total number of surveyed tube wells is 3,252,
with the sample breakdown for each village cluster provided in Table 1. In the surveyed villages, nearly every
household is using tube wells for their domestic requirements, such as drinking, cooking and bathing. These tube
wells are hand operated and are shallow in depth (<50 m) for easy accessibility of groundwater.

2.2 Sample collection and analysis

During sampling, each tube well was purged for ten minutes to remove standing water and obtain fresh
groundwater samples from the aquifers. After sampling, all the samples were stored at ~4°C in an air-tight ice box
and immediately transferred to the laboratory. The concentration of As have been analyzed using hydride
generation atomic absorption spectrophotometer (HG—AAS, Varian-240), which has a detection limit <I pg/L.
Microbial analyses (total and fecal coliform count) of the water samples were also determined. For microbial
analysis (total and fecal coliform count), water samples were collected in pre-washed (sterile) high density
polyethylene vials (Tarsons) to prevent any ambient contamination during sampling following standard protocol
(APHA, 1998; WHO 2010). ISO 9308-1:2014 outlines a method for enumerating Escherichia coli (E. coli) and other
coliform bacteria. This method involves membrane filtration, followed by culturing on chromogenic coliform agar,
and calculating the number of target organisms in the sample. Chromocult coliform agar is ideal for detecting
coliforms and E. coli due to its chromogenic substrates that differentiate these organisms based on colony color
and the selective agents that inhibit non-coliform growth (Finney et al., 2003). The genera Escherichia, Enterobacter,
Klebsiella, and Citrobacter are the key groups supported by this medium. A detailed procedure for chemical and
microbial analysis, including total and fecal coliform counts, can be found in Ghosh et al. (2020).

2.3 Data processing

The data processing involved analyzing the co-occurrence of As and microbial contamination in the surveyed tube
wells. Percentages were used to highlight the proportion of tube wells with As concentrations >10 pg/L, the
presence of total and fecal coliforms, and the co-occurrence of both As and microbial contamination. These
percentages served as a screening tool to assess the prevalence of As contamination, microbial contamination, and
their co-occurrence across the study area, helping to identify areas with higher risks.
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Table I. Arsenic and microbial contamination in tube wells in different Gram Panchayat of Chakdaha block of West Bengal, India.

Gram Tube wells = As>10 ug/lL = Presence of total and Percentage of both As and
Panchayat tested (%) fecal coliform (%) microbial contamination
Chanduria-| 152 26.97 34.21 15.13
Chanduria-l 102 32.35 45.09 21.56
Dewli 289 81.66 38.75 32.87
Dubra 265 60.37 36.22 27.16
Ghentugachi 333 72.37 19.21 18.01
Hingnara 235 23.82 54.04 24.68
Kanchrapara 150 14.66 26.00 10
Madanpur-| 151 8.60 7.94 397
Madanpur-II 129 22.48 31.00 13.95
Routari 124 29.03 8.9 5.64
Saguna 303 26.73 35.31 2541
Shimurali 152 7.89 25.65 5.92
Silinda-I 280 31.42 32.14 18.21
Silinda-Il 101 44.55 68.31 34.65
Sorati 148 54.72 16.21 16.21
Tatla-| 135 28.14 17.03 17.03
Tatla-ll 203 1.97 27.58 1.47

Note: Microbial contamination is based on the presence or absence test of total and fecal coliform bacteria in groundwater samples.

3. Results and discussion
3.1 Arsenic concentration

Arsenic (As) and microbial contamination was measured and screened in the tube wells of seventeen gram
panchayats (i.e., cluster of villages) of Chakdaha block, Nadia district (Table 1). Arsenic concentration is often
exceeding the WHO guideline value and Bureau of Indian Standards (BIS) recommended maximum permissible
limit of 10 pg/L. Arsenic concentration is ranged between below detection limit (BDL) and 272 pg/L, with the
median values of 124 pg/L. Dewli gram panchayat has been identified as the most contaminated locality with As
concentrations >10 pg/L in 81.66% of the surveyed tube wells, whereas Tatla-Il is ranked the lowest where As
contamination was only present in 1.97% of the surveyed tube wells.

The data indicate that the As contamination in tube wells is widespread throughout the village clusters
surveyed (Table I). It is interesting note that the percentage of As contaminated wells are the highest in Dewli
(81.66%), followed by Ghentugachi (72.37%), Dubra (60.37%), and Sorati (54.72%). In Dewli and Ghentugachi
shallow tube wells (<50 m) are mostly present and used by the villagers for domestic water use, such as cooking
and bathing. These tube wells are privately owned by the villagers because of the increased dependency on
groundwater over the years. On the other hand, the use of shallow tube wells (<50 m) in Shimurali is limited and
villagers usually collect water from deep tube wells (>100 m). This has been reflected in the observed lower
percentage of As contaminated tube wells, constituting 7.89% of the surveyed tube wells. Deep tube wells are the
common source used by the local government to provide treated drinking water to the community through piped
water network. The result suggests that the percentage of As contaminated tube wells is depending on the factors
such as the tube well depths and the location, i.e., controlled by the surface features including land use pattern and
geomorphology (Bhowmick et al.,, 2013; Das et al., 2021).
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Table 2. Arsenic contamination in tube wells in different blocks of Nadia district, West Bengal, India.

Block Tube wells tested | As >10 pg/L (%)  Highest As concentration (pg/L)
Chakdaha 3,144 34.6 318
Chapra 2,196 10 384
Hanskhali 1,530 12 448
Haringhata 1,804 43.18 360
Kaliganj 2,600 38 761
Karimpur-I 893 50 740
Karimpur-Il 1,388 54.82 596
Krishnagani 1,632 13 311
Krishnanagar-I 1,598 15.7 207
Krishnanagar-I| 900 28 581
Nabadwip 1,253 9.17 209
Nakashipara 2,400 34 650
Ranaghat-I 1,924 20.94 402
Ranaghat-II 2,674 224 623
Santipur 1,320 24 217
Tehatta- 1,451 14.74 321
Tehatta-ll 530 20.94 667

We have also collected groundwater samples (n=29,237) from the entire Nadia district. The summary data
shows that the percentage of As contaminated tube wells and the observation of highest As concentrations vary by
location (Table 2). These variations are linked to specific geographic and land use characteristics (Bhowmick et al,,
2013; Nath et al., 2022). The data shows that Kaligang and Karimpur-| blocks have the highest As concentration,
whereas Krishnagar-l, Nabadwip, and Santipur blocks have the lowest As concentration for the entire Nadia
district. In addition to that, the percentage of As concentration greater than |10 pg/L in tube wells varies in
different locations (Table 2). This is quite similar to our localized study of different village clusters within the
Chakdaha block. The variations in groundwater As from local- to regional-scale have been earlier attributed to
geomorphological settings, aquifer characteristics, and geochemical processes (Bhowmick et al., 2013; Ghosh and
Donselaar, 2023). Ghosh and Donselaar (2023) demonstrated that the anoxic environment of oxbow lakes and
clay plugs in the Ganges Delta region, enriched with organic matter, promotes microbial processes that mobilize
As. They further highlighted that the presence of natural and anthropogenic organic matter in the sediment
enhances microbial As release through reductive dissolution. Our study further supports these observations,
highlighting the role of local conditions in influencing As concentrations and emphasizing the need for regular
monitoring and mitigation strategies in affected regions.

3.2 Microbial contamination

Microbial contamination has been observed in the study area (Table 1). It has been found that Silinda-Il has the
highest percentage of tube wells that are screened for microbial contamination (68.21%), whereas the lowest
percentage has been observed in Madanpur-l (7.94%). Similarly, Sarkar et al. (2022) observed widespread bacterial
contamination in shallow tube wells in Kathmandu, Nepal. The variation in the presence of microbial contamination
in groundwater is largely source dependent and exists in all the monitoring village clusters. However, their nature,
type and amiability largely vary. During the field visit, it was noticed that the contaminated tube wells are usually
shallow and located near pit latrines, ponds, cattle waste dump sites, and man-made ditches. Putri et al. (2024)
concluded that the factors contributing to bacterial contamination in groundwater are linked to the proximity of
wells to septic tanks and population density.

This study advocates that microbial contamination levels are varying and related to certain land use features
and local characteristics which are likely affecting the tube well water quality (Neumann et al., 2009; Chatterjee et
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Figure 2. Distribution of microbial contamination (Most Probable Number) at different depths of tube wells in
the study area for a subset of tube wells.

al., 2010). Paul et al. (2024) observed a link between bacterial contamination in well water and open waste
dumping, suggesting that leachate from the waste dumping site is likely polluting groundwater sources. Another
study also highlighted that microbial contamination is a repeatable phenomenon and contamination is due to local
water sources such as ponds (Valenzuela et al., 2009). Islam et al. (2001) also suggested that the rural areas of
Bangladesh groundwater supply are microbially contaminated and are also contain As greater than 10 pg/L. Dey et
al. (2022) observed that the abundance of total and fecal coliform in groundwater is linked to seasonal hydrology.
They observed the highest abundance of bacterial pollution during monsoonal periods in comparison to pre- and
post-monsoon periods. Our study suggests that most of the contaminated tube wells are shallow (<50 m) and
contain both total and fecal coliform bacteria (Fig. 2). Microbial contamination is primarily found in shallow aquifer
zones, typically <50 m below ground level (Nayebare et al., 2022). Bacterial contamination is not only widespread
in rural areas, Invik et al. (2017) reported the presence of total coliform bacteria in public well water samples in
Alberta, Canada. These observations highlight the urgent need for stronger policy interventions to safeguard public
health and ensuring sustainable water quality across all communities (Hynda et al., 2014; Dong et al., 2024).

4. Co-occurrence of arsenic and microbial contamination

Groundwater As is commonly referred to as threats to drinking water quality and agricultural productivity. The
co-occurrence of As and microbial contamination in tube wells could significantly influence groundwater potability.
Silinda-ll has been identified as having the highest percentage (34.65%) of tube wells with As concentration greater
than 10 pg/L, along with the presence of microbial contamination. Whereas the lowest percentage has been
identified in Tatla-Il where both As and microbial contamination percentage is 1.47%. This result is similar to the
observed 26.5% of tube wells containing both As and microbial contamination, i.e., 7,760 out of 29,237 tube wells
in the entire Nadia district.

Figure 3 shows the relationships between As concentrations and microbial occurrence (MPN count) in
randomly selected tube wells in the study area. Based on the screening data for As and microbial contamination in
groundwater, microbially mediated mobilization of As could be occurring in the study area (Kappler et al., 2004;
Chatterjee et al,, 2010; van Geen et al,, 2011). In the microbially-mediated mobilization of As, the role of organic
matter is important (Islam et al., 2004; Gault et al., 2005). In the present study, it has been found that the
contaminated wells are mostly located near ponds, pit latrines and cattle waste dumping sites. These are the
common source of fresh organic matter and potentially seep into groundwater (Chatterjee et al., 2010; Ghosh and
Donselaar, 2023). Earlier studies have also suggested these sources are responsible for the supply of organic
matter and their role in mobilization of As in groundwater. Microorganisms are ubiquitous in our environment,
found in both surface and subsurface environment, and their presence is associated with various influencing factors
including complex interactions between human and the environment (Bagordo et al., 2024). These microbial
populations interact with As and other elements through various biogeochemical processes, such as
transformation, reduction, and methylation. Islam et al. (2004) explained how microbial As mobilization can occur
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Figure 3. Relationships between As concentrations and microbial presence (Most Probable Number) in a
subset of tube wells in the study area.

in aquifers, effectively releases As into groundwater. This process is typically catalyzed by the breakdown of
organic matter and the concomitant reduction of Fe(lll) to Fe(ll), which releases sorbed As into the groundwater
(Kappler and Bryce, 2017). In these circumstances, the reducing conditions of the aquifer help maintain the
biogeochemical process.

In the study site, the groundwater chemistry is mostly alike, but its variation is influenced by geospatial
signatures, sediment texture, and mineralogy (Bhowmick et al., 2013). Similarly, the presence of As-reducing
bacteria, such as Acinetobacter sp., has been reported at a depth of 45 m in the aquifer (Islam et al., 2004; Gault et
al., 2005). Hydrogeochemical studies show that the gray sand aquifer is particularly vulnerable to As contamination
and favors microbial mediated As release (Biswas et al., 2012). These aquifers contain enriched concentrations of
NH,*, PO, Fe and As, and are in reducing conditions characterized by negative redox potential. The anoxic
nature of these aquifers, along with their water type (CaHCOs3) and elevated concentrations of Na*, CI, DOC,
PO.*, and Fe (Nath et al., 2008; Biswas et al., 201 1), creates conditions favorable for microbial activity that can
mobilize As into the groundwater. Bhowmick et al. (2013) suggested that anthropogenic activities and oxbow lakes
contribute to As release. Understanding depth-dependent As chemistry and redox processes is crucial for studying
the biogeochemical mechanisms that lead to As release in the aquifer (Biswas et al., 2011).

5. Conclusion

Our study suggests a co-occurrence of As-contaminated tube wells and positive microbial counts. The distribution
of contaminated wells is spatially variable. Most of the contaminated wells are located near rural land uses, such as
pit latrines, ponds, agricultural lands, and waste dump sites. Additionally, factors like tube well depth and local
reducing conditions may contribute to the enrichment of both As and fecal contamination. Our screening results
indicate not only As contamination in tube wells but also the widespread presence of microbial loads in shallow
groundwater. These findings highlight the urgent need for immediate intervention by local government authorities,
provide safe drinking water, and implement tube well screenings to monitor contamination.

6. Data availability statement

The data is presented in the manuscript as figures and tables. The data can be made available on request from the
corresponding author.

7. Author contributions

A. Mukhopadhyay: formal analysis, and writing — original draft. P. Ghosh: conceptualization, data curation, formal
analysis, writing — original draft, and writing — review & editing. . Jana: supervision, and writing — review & editing.
D. Chatterjee: conceptualization, funding acquisition, supervision, and writing — review & editing. All authors
approved the final version of the manuscript.

| J. Environ. Sci. Health Sustain. -33- journals.enviromindsolutions.com



https://doi.org/10.63697/jeshs.2025.011
https://journals.enviromindsolutions.com/index.php/jeshs
https://journals.enviromindsolutions.com/

Mukhopadhyay et al. 10.63697/jeshs.2025.01 |

8. Conflict of interest

The authors declare no conflict of interest related to this study.

9. Ethical statement

This study does not involve human or animal subjects. Ethical approval is not required for this research.
10. Copyright statement

This is an open access article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY NC ND) license (https://creativecommons.org/licenses/by-nc-nd/4.0/). © 2025 by the authors. Licensee
Enviro Mind Solutions, CT, USA.

References

American Public Health Association (APHA), 1998. Standard Methods for the Analysis of Water and Wastewater,
|7 Ed. American Public Health Association, Washington, DC.

Bagordo, F., Brigida, S., Grassi, T., Caputo, M.C., Apollonio, F., De Carlo, L., Savino, A.F., Triggiano, F., Turturro,
A.C., De Donno, A. Montagna, M.T., Giglio, O.D., 2024. Factors influencing microbial contamination of
groundwater: a systematic review of field-scale studies. Microoganisms, 12, 913.
https://doi.org/10.3390/microorganisms|12050913

Barman, S., Mandal, D., Ghosh, P., Das, A., Majumder, M., Chatterjee, D., Chatterjee, D., Saha, I, Basu, A,
2024. Identification of microbiogeochemical factors responsible for arsenic release and mobilization, and

isolation of heavy metal hyper-tolerant bacterium from irrigation well water: a case study in Rural Bengal.
Environment, Development and Sustainability, 26, 4887—4918. https://doi.org/10.1007/s10668-023-029 | 4-w

Bhattacharya, P., Chatterjee, D., Jacks, G., 1997. Occurrence of arsenic-contaminated groundwater in alluvial
aquifers from delta plain, Eastern India: options for safe drinking water supply. International Journal of Water
Resources Development, |3, 79-92. https://doi.org/10.1080/07900629749944

Bhowmick, S., Nath, B., Halder, D., Biswas, A., Majumder, S., Mondal, P., Chakraborty, S., Nriagu, J., Bhattacharya,
P., Iglesias, M., Roman-Ross, G., Guha Mazumder, D., Bundschuh, |., Chatterjee, D., 2013. Arsenic mobilization
in the aquifers of three physiographic settings of West Bengal, India: understanding geogenic and
anthropogenic influences. Journal of Hazardous Materials, 262, 915-923.
https://doi.org/10.1016/j.jhazmat.2012.07.014

Biswas A., Nath B., Bhattacharya P., Halder D., Kundu A K., Mandal, U., Mukherjee, A., Chatterjee, D., Morth, C-
M., Jacks, G., 2012. Hydrogeochemical contrast between brown and grey sand aquifers in shallow depth of
Bengal Basin: Consequences for Sustainable drinking water supply. Science of The Total Environment, 431,
402—412. https://doi.org/10.1016/j.scitotenv.2012.05.03 |

Biswas, A., Majumder, S., Neidhardt, H., Halder, D., Bhowmick, S., Mukherjee-Goswami, A., Kundu, A., Saha, D.,
Berner, Z., Chatterjee, D., 201 1. Groundwater chemistry and redox processes: depth dependent arsenic
release mechanism. Applied Geochemistry, 26, 516-525. https://doi.org/10.1016/j.apgeochem.2011.01.010

Chakraborti, D., Singh, S.K., Rahman, M.M.,, Dutta, R.N., Mukherjee, S.C., Pati, S., Kar, P.B., 2018. Groundwater
arsenic contamination in the Ganga River basin: A future health danger. International Journal of Environmental
Research and Public Health, |5, 180. https://doi.org/10.3390/ijerph 15020180

Chatterjee, D., Halder, D., Majumder, S., Biswas, A., Nath, B., Bhattacharya, P., Bhowmick, S., Mukherjee-Goswami,
A, Saha, D., Hazra, R., Maity, P.B., Chatterjee, D., Mukherjee, A., Bundschuh, J., 2010. Assessment of arsenic
exposure from groundwater and rice in Bengal Delta region, West Bengal, India. Water Research, 44, 5803—
5812. https://doi.org/10.1016/j.watres.2010.04.007

Das, A., Majumder, S., Barman, S., Chatterjee, D., Mukhopadhyay, S., Ghosh, P., Pal, C.N., Saha, G., 2021. Influence
of basin-wide geomorphology on arsenic distribution in Nadia district. Environmental Research, 192, 110314.
https://doi.org/10.1016/j.envres.2020.1103 14

Dey, U., Sarkar, S., Duttagupta, S., Bhattacharya, A., Das, K., Saha, S., Mukherjee, A., 2022. Influence of hydrology
and sanitation on groundwater coliform contamination in some parts of Western Bengal Basin: implication to
safe drinking water. Frontiers in Water, 4, https://doi.org/10.3389/frwa.2022.875625

| J. Environ. Sci. Health Sustain. -34- journals.enviromindsolutions.com



https://doi.org/10.63697/jeshs.2025.011
https://journals.enviromindsolutions.com/index.php/jeshs
https://journals.enviromindsolutions.com/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3390/microorganisms12050913
https://doi.org/10.1007/s10668-023-02914-w
https://doi.org/10.1080/07900629749944
https://doi.org/10.1016/j.jhazmat.2012.07.014
https://doi.org/10.1016/j.scitotenv.2012.05.031
https://doi.org/10.1016/j.apgeochem.2011.01.010
https://doi.org/10.3390/ijerph15020180
https://doi.org/10.1016/j.watres.2010.04.007
https://doi.org/10.1016/j.envres.2020.110314
https://doi.org/10.3389/frwa.2022.875625

Mukhopadhyay et al. 10.63697/jeshs.2025.01 |

Dong, Y., Jiang, Z,, Hu, Y., Jiang, Y., Tong, L., Yu, Y. Cheng, J., He, Y., Shi, J., Wang, Y., 2024. Pathogen
contamination of groundwater systems and health risks. Critical Reviews in Environmental Science and
Technology, 54, 267-289. https://doi.org/10.1080/10643389.2023.2236486

Finney. M., Smullen, J., Foster, H.A., Brokx, S., Storey, D.M., 2003. Evaluation of Chromocult coliform agar for the
detection and enumeration of Enterobacteriaceae from fecal samples from healthy subjects. Journal of
Microbiological Methods, 54, 353—358. https://doi.org/10.1016/S0167-7012(03)00068-X

Foster, S.S.D., Chilton, PJ., 2003. Groundwater: the processes and global significance of aquifer degradation.
Philosophical Transactions of the Royal Society B, 358, 1957—1972. https://doi.org/10.1098/rstb.2003.1380

Gault, A.G,, Islam, F.S., Polya, D.A., Charnock, J.M., Boothman, C., Chatterjee, D., Lloyd, J.R., 2005. Microcosm
depth profiles of arsenic release in a shallow aquifer, West Bengal. Mineralogical Magazine, 69, 855-863.
https://doi.org/10.1180/002646 1056950293

Ghosh, D., Donselaar, M.E., 2023. Predictive geospatial model for arsenic accumulation in Holocene aquifers based
on interactions of oxbow-lake biogeochemistry and alluvial geomorphology. Science of The Total
Environment, 856, 158952. https://doi.org/10.1016/j.scitotenv.2022.158952

Ghosh, P., Das, A., Majumder, M., Mukherjee, S.K., Chatterjee, D., 2020. Arsenic mobilization process in shallow
aquifers of Bengal Delta Plain: A field scale study to identify the role of coliform bacteria. Journal of Biomedical
Research & Environmental Sciences, |, 372—-382. https://doi.org/10.3787 | /jbres| 168

Gnanaprakasam, E.T., Lloyd, J.R., Boothman, C., Ahmed, K.M., Choudhury, I, Bostick, B.C., van Geen, A., Mailloux,
B.J., 2017. Microbial community structure and arsenic biogeochemistry in two arsenic-impacted aquifers in
Bangladesh. mBio, 8. https://doi.org/10.1128/mbio.01326-17

Harvey, C.F., Swartz, C.H., Badruzzaman, A.B., Keon-Blute, N., Yu, W., Ali, M.A,, Jay, ]., Beckie, R., Niedan, V.,
Brabander, D., Oates, P.M., Ashfaque, K.N., Islam, S., Hemond, H.F., Ahmed, M.F., 2005. Groundwater arsenic
contamination on the Ganges delta: biogeochemistry, hydrology, human perturbations, and human suffering on
a larger scale. Comptes Rendus Geoscience, 337, 285-296. https://doi.org/10.1016/j.crte.2004.10.015

Huang, J.-H., 2014. Impact of microorganisms on arsenic biogeochemistry: A review. Water, Air, & Soil Pollution,
225, 1848. https://doi.org/10.1007/s11270-013-1848-y

Hynda, P.D., Thomas, M.K,, Pintar, K.D.M., 2014. Contamination of groundwater systems in the US and Canada by
enteric  pathogens, 1990-2013: a review and pooled-analysis. PLoS ONE, 9: e9330l.
https://doi.org/10.137 | /journal.pone.0093301

Invik, J., Barkema, H.W., Massolo, A., Neumann, N.F.,, Checkley, S., 2017. Total coliform and Escherichia coli
contamination in rural well water: analysis of passive surveillance. Journal of Water & Health, 15, 729-740.
https://doi.org/10.2166/wh.2017.185

Islam, F.S., Gault, A.G., Boothman, C., Polya, D.A., Charnock, J.M., Chatterjee, D., Lloyd, J.R., 2004. Role of metal-
reducing bacteria in arsenic release from Bengal delta sediments. Nature, 430, 68-7I.
https://doi.org/10.1038/nature02638

Islam, M.S., Mostafa, M.G., 2021. Groundwater Status and Challenges in Bangladesh. In: Lichtfouse, E. (eds)
Sustainable Agriculture Reviews 52. Sustainable Agriculture Reviews, vol 52. Springer, Cham.
https://doi.org/10.1007/978-3-030-73245-5_4

Islam, M.S., Siddika, A., Khan, M.N.H., Goldar, M.M,, Sadique, M.A,, Kabir, A.N.M.H., Hug, A., Colwell, R.R., 2001.
Microbiological analysis of tube-well water in a rural area of Bangladesh. Applied Environmental Microbiology,
67, 28-30. https://doi.org/10.1128/AEM.67.7.3328-3330.2001

Kappler, A., Bryce, C., 2017. Cryptic biogeochemical cycles: unravelling hidden redox reactions. Environmental
Microbiology, 19, 842-846. https://doi.org/10.1111/1462-2920.13687

Kappler, A., Benz, M., Schink, B., Brune, A., 2004. Electron shuttling via humic acids in microbial iron(lll) reduction
in a freshwater sediment. FEMS Microbiology Ecology, 47, 85-92. https://doi.org/10.1016/S0168-
6496(03)00245-9

| J. Environ. Sci. Health Sustain. -35- journals.enviromindsolutions.com



https://doi.org/10.63697/jeshs.2025.011
https://journals.enviromindsolutions.com/index.php/jeshs
https://journals.enviromindsolutions.com/
https://doi.org/10.1080/10643389.2023.2236486
https://doi.org/10.1016/S0167-7012(03)00068-X
https://doi.org/10.1098/rstb.2003.1380
https://doi.org/10.1180/0026461056950293
https://doi.org/10.1016/j.scitotenv.2022.158952
https://doi.org/10.37871/jbres1168
https://doi.org/10.1128/mbio.01326-17
https://doi.org/10.1016/j.crte.2004.10.015
https://doi.org/10.1007/s11270-013-1848-y
https://doi.org/10.1371/journal.pone.0093301
https://doi.org/10.2166/wh.2017.185
https://doi.org/10.1038/nature02638
https://doi.org/10.1007/978-3-030-73245-5_4
https://doi.org/10.1128/AEM.67.7.3328-3330.2001
https://doi.org/10.1111/1462-2920.13687
https://doi.org/10.1016/S0168-6496(03)00245-9
https://doi.org/10.1016/S0168-6496(03)00245-9

Mukhopadhyay et al. 10.63697/jeshs.2025.01 |

Leber J., Rahman, M.M., Ahmed, K.M., Mailloux, B., van Geen, A., 2010. Contrasting influence of geology on E. coli
and arsenic in aquifers of Bangladesh. Ground Woater, 49, |11-123. https://doi.org/10.1111/j.1745-
6584.2010.00689.x

Lu, X,, Wang, N., Wang, H., Deng, Y., Ma, T.,, Wu, M., Zhang, Y., 2016. Molecular characterization of the total
bacteria and dissimilatory arsenate-reducing bacteria in core sediments of the Jianghan Plain, Central China.
Geomicrobiology Journal, 34, 467—479. https://doi.org/10.1080/01490451.2016.1222468

Madigan, M., Martinko, J., Bender, K., Buckley, D., Stahl, D., 2015. Brock Biology of Microorganisms; Pearson
Education Ltd.: Edinburgh Gate, UK.

Majumder, S., Datta, S., Nath, B., Neidhardt, H., Sarkar, S., Roman-Ross, G., Berner, Z., Hidalgo, M., Chatterjee, D.,
Chatterjee, D., 2016. Monsoonal influence on variation of hydrochemistry and isotopic signatures: Implications
for  associated arsenic release in  groundwater. Journal of Hydrology, 535, 407-417.
https://doi.org/10.1016/j.jhydrol.2016.01.052

Malasarn, D., Saltikov, C.W., Campbell, K.M., Santini, J.M., Hering, ].G., Newman, D.K., 2004. arrA is a reliable
marker for As(V) respiration. Science, 306, p.455. https://doi.org/10.1126/science.1 102374

Mall, RK., Gupta, A, Singh, R, Singh, R.S., Rathore, L.S., 2006. Water resources and climate change: An Indian
perspective. Current Science, 90, 1610—1626.

Mukherjee, A., Sengupta, M.K,, Hossain, M.A,, Ahamed, S., Das, B, Nayak, B., Lodh, D., Rahman, M.M,,
Chakraborti, D., 2006. Arsenic contamination in groundwater: a global perspective with emphasis on the Asian
scenario. Journal of Health, Population and Nutrition, 24, 142—163. http://www jstor.org/stable/23499353

Nath, B., Das, A., Majumder, S., Roychowdhury, T., Ni-Meister, W., Rahman, M.M., 2022. Geospatial machine
learning prediction of arsenic distribution in the groundwater of Murshidabad district, West Bengal, India:
Analyzing spatiotemporal patterns to understanding human health risk. ACS EST Water, 2, 2409-2421.
https://doi.org/10.102 | /acsestwater.2c00263

Nath, B., Ni-Meister, W., Choudhury, R., 2021. Impact of urbanization on land use and land cover change in
Guwahati city, India and its implication on declining groundwater level. Groundwater for Sustainable
Development, 12, 100500. https://doi.org/10.1016/j.gsd.2020.100500

Nath, B., Sahu, S., Jana, J., Mukherjee-Goswami, A., Roy, S., Sarkar, M.J., Chatterjee, D., 2008. Hydrochemistry of
arsenic-enriched aquifer from rural West Bengal, India: a study of the arsenic exposure and mitigation option.
Water, Air and Soil Pollution, 190, 95—113. https://doi.org/10.1007/s11270-007-9583-x

Nayebare, J.G., Owor, M.M., Kulabako, R., Taylor, R.G., 2022. Faecal contamination pathways of shallow
groundwater in low-income urban areas: implications for water resource planning and management. Water
Practice and Technology, 17, 285-296. https://doi.org/10.2166/wpt.2021.1 10

Neumann, R.B., Ashfaque, K.N. Badruzzaman, A.B.M, Ali, MA, Shoemaker, J.K., Harvey, C.F,
2009. Anthropogenic influences on groundwater arsenic concentrations in Bangladesh. Nature Geoscience, 3,
46-52. https://doi.org/10.1038/ngec685

Nickson, R., McArthur, J., Burgess, W., Ahmed, K.M., Ravenscroft, P., Rahmann, M., 1998. Arsenic poisoning of
Bangladesh groundwater. Nature, 395, 338. https://doi.org/10.1038/26387

Pathak, P., Ghosh, P., Swaraj, A., Yu, T.L., Shen, C.C., 2022. Role of carbon and sulfur biogeochemical cycles on the
seasonal arsenic mobilization process in the groundwater of the Bengal aquifer. Applied Geochemistry, 141,
105322. https://doi.org/10.1016/j.apgeochem.2022.105322

Paul, M.K,, Dey, M., Sharma, C., 2024. Impact of open dumping site on groundwater quality in Silchar city, Assam,
India. Water, Air, & Soil Pollution, 235, 659. https://doi.org/10.1007/s11270-024-07434-5

Putri, E.K., Notodarmojo, S., Utami, R.R., 2024. Investigating dominant factors of coliform contamination in shallow
groundwater: A logistic regression and AHP approach. Groundwater for Sustainable Development, 27,
101384. https://doi.org/10.1016/j.gsd.2024.101384

| J. Environ. Sci. Health Sustain. - 36 - journals.enviromindsolutions.com



https://doi.org/10.63697/jeshs.2025.011
https://journals.enviromindsolutions.com/index.php/jeshs
https://journals.enviromindsolutions.com/
https://doi.org/10.1111/j.1745-6584.2010.00689.x
https://doi.org/10.1111/j.1745-6584.2010.00689.x
https://doi.org/10.1080/01490451.2016.1222468
https://doi.org/10.1016/j.jhydrol.2016.01.052
https://doi.org/10.1126/science.1102374
http://www.jstor.org/stable/23499353
https://doi.org/10.1021/acsestwater.2c00263
https://doi.org/10.1016/j.gsd.2020.100500
https://doi.org/10.1007/s11270-007-9583-x
https://doi.org/10.2166/wpt.2021.110
https://doi.org/10.1038/ngeo685
https://doi.org/10.1038/26387
https://doi.org/10.1016/j.apgeochem.2022.105322
https://doi.org/10.1007/s11270-024-07434-5
https://doi.org/10.1016/j.gsd.2024.101384

Mukhopadhyay et al. 10.63697/jeshs.2025.01 |

Saha, K.C., Chakraborti, D., 2001. Seventeen years experience of arsenicosis in West Bengal, India. In Arsenic
Exposure and Health Effects IV; Chappell, W. R., Abernathy, C. O., Calderon, R. L., Eds.; Elsevier, Oxford, 387—
395.

Sandil, S., Ovari, M., Dobosy, P., Vetési, V., Endrédi, A., Takacs, A., Fiizy, A, Zaray, G., 2021. Effect of arsenic-
contaminated irrigation water on growth and elemental composition of tomato and cabbage cultivated in three
different soils, and related health risk assessment. Environmental Research, 197, [11098.
https://doi.org/10.1016/j.envres.2021.1 11098

Sarkar, A., Kazy, S.K,, Sar, P., 2014. Studies on arsenic transforming groundwater bacteria and their role in arsenic
release from subsurface sediment. Environmental Science and Pollution Research, 21, 8645-8662.
https://doi.org/10.1007/s11356-014-2759-1

Sarkar, B., Mitchell, E., Frisbie, S., Grigg, L., Adhikari, S., 2022. Drinking water quality and public health in the
Kathmandu valley, Nepal: coliform bacteria, chemical contaminants, and health status of consumers. Journal of
Environmental and Public Health, https://doi.org/10.1155/2022/3895859

Shen, S, Li, X.-F,, Cullen, W.R,, Weinfeld, M., Le, X.C., 2013. Arsenic binding to proteins. Chemical Reviews, |13,
7769-7792. https://doi.org/10.1021/cr300015¢

Valenzuela, M., Lagos, B., Claret, M., Mondaca, M.A,, Pérez, C., Parra, O. 2009. Fecal contamination of
groundwater in a small rural dryland watershed in Central Chile. Chilean Journal of Agricultural Research, 69,
235-243. http://dx.doi.org/10.4067/S07 18-5839200900020001 3

van Geen, A.,, Ahmed, K.M., Akita, Y., Alam, M., Culligan, PJ., Emch, M., Escamilla, V., Feighery, J., Ferguson, A.S,,
Knappett, P., Layton, A.C,, Mailloux, B.J., McKay, L.D., Mey, J.L,, Serre, M.L,, Streatfield, P.K., Wu, J., Yunus, M.,
201 1. Fecal contamination of shallow tubewells in Bangladesh inversely related to arsenic. Environmental
Science and Technology, 45, 1199—1205. https://doi.org/10.1021/es103192b

Wang, Y., Li, P., Jiang, Z., Sinkkonen, A., Wang, S., Tu, J., Wei, D., Dong, H., Wang, Y., 2016. Microbial community
of high arsenic groundwater in agricultural irrigation area of Hetao Plain, Inner Mongolia. Frontiers in
Microbiology, 7, 1917. https://doi.org/10.3389/fmicb.2016.01917

WHO, 2004. Guidelines for drinking-water quality. Third edition, World Health Organization, Geneva,
Switzerland.

Publisher’s note

The author(s) are solely responsible for the opinions and data presented in this article, and publisher or the editor(s) disclaim
responsibility for any injury to people or property caused by any ideas mentioned in this article.

| J. Environ. Sci. Health Sustain. -37- journals.enviromindsolutions.com



https://doi.org/10.63697/jeshs.2025.011
https://journals.enviromindsolutions.com/index.php/jeshs
https://journals.enviromindsolutions.com/
https://doi.org/10.1016/j.envres.2021.111098
https://doi.org/10.1007/s11356-014-2759-1
https://doi.org/10.1155/2022/3895859
https://doi.org/10.1021/cr300015c
http://dx.doi.org/10.4067/S0718-58392009000200013
https://doi.org/10.1021/es103192b
https://doi.org/10.3389/fmicb.2016.01917

	Abstract
	1. Introduction
	2. Materials and methods
	2.1 Study area
	2.2 Sample collection and analysis
	2.3 Data processing

	3. Results and discussion
	3.1 Arsenic concentration
	3.2 Microbial contamination

	4. Co-occurrence of arsenic and microbial contamination
	5. Conclusion
	6. Data availability statement
	7. Author contributions
	8. Conflict of interest
	9. Ethical statement
	10. Copyright statement
	References
	Publisher’s note

