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Abstract: Arsenic (As) contamination of groundwater is a common problem in BDP. The alkaline pH of the groundwater provides
favourable condition for geomicrobiochemical processes, where organic matter also plays an important role in mobilization of As.
The total arsenic content (Asr) of the groundwater is in the range of 69-178 ugL! with mean value of 118.58 ugL. The groundwater
quality of monitored drinking water wells are related to local land-use pattern and rural sanitation installation and practices
(which can have a strong influence on microbial contamination). The study indicates that As heterogeneity, probably a consequence
of microbial heterogeneity is a feature of the study area. The excessive total and fecal coliform (TC and FC) count of the ponds pos-
sibly suggest uncontrolled surface run offs and sewage leakage, notably from nearby pit-latrine, which increased the microbial con-
tamination in these water sources. The tube wells located in close proximity (~ 2-3 m) of the surveyed ponds are also contaminated
with high TC and FC values, due to faulty water supply system, pond water infiltration and cracked tube well platforms. Coliforms
may influence geomicrobiological processes in groundwater and thereby, contribute in As release and mobilization. The TC and FC
values of monitored tube wells and ponds show seasonal variation, with high TC and FC values during wet season. Attempt has
been made to focus on sanitation risk of the monitored wells (based on sanitation and fecal coliform scores) which is usually less
explored. The sanitary risk score reveal the need of immediate attention to all the sites, as 25.0 %, 58.3 %, 11.1 % and 5 % of tube
wells of the six sites fell under very high risk (sanitary risk score > 9), high risk (sanitary risk score 6-8), intermediate risk (sanitary
risk score 3-5) and low risk category (sanitary risk score 0-2), respectively. Fecal coliform score classified all the sites under inter-
mediate risk category (FC count 10-100 per 100 ml of water). The predominance of As heterogeneity particularly in areas under
high risk category (showing high TC and FC contamination) is observed along with the similar sinusoidal pattern of TC, FC and
Asr content. Finally, this study shed light on the factors responsible for unsafe nature of monitored tube wells and the influence of
anthropogenic activities on the microenvironment of the groundwater, which could be a probable reason behind the As heteroge-
neity in the groundwater of the study area.
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1. Introduction
Arsenic (As) is a well-known naturally occurring carcinogen and one of the most hazardous chemical compounds
found in many environmental compartments. High occurrence of As in groundwater is globally recognized as a major
risk to human health, especially in areas that are largely dependent on groundwaters as the main drinking water sup-
ply. In 1970s the green revolution had started in several parts of the Southeast Asia, significantly in Bengal Delta Plain
(BDP) and particularly in west Bengal to safeguard food security in the region. During green revolution notably
summer paddy cultivation (boro rice) solely depended upon large scale groundwater development. The millions of
shallow tube well (>50 m) are indiscriminately installed in uncontrolled fashion throughout the alluvial plain of BDP.
Simultaneously, the importance of rural sanitation (single/double pit latrines) in public health management had been
campaigned by the state and the local governments with a vision to make the districts open defecation free. The syn-

ergistic effect of both sanitation installations vis-a-vis groundwater development has been ignored [1-15].

In the start of the millennium, several researchers carried out microcosm studies to explain As release and mobiliza-
tion process with the help of native microbial population to further explain the geochemical process (involving iron
(Fe)-oxides/hydroxide/oxyhydroxide) responsible for arsenic heterogeneity and atypical distribution pattern and vari-
ability in the entire alluvial plain. The earliest study by Islam et al. revealed that As release is possible by bacteria
where As (V) is converted to As (III) with decoupling of Fe studies. Nevertheless, several researchers have also re-
ported that infiltration of naturally degraded pond water into the shallow aquifer have been influencing the micro-
environment, thereby resulting in As release [16-19]. Researchers are also keen to focus on the characterization of or-
ganic matter existing both in sedimentary and aqueous environment. The focus is on the possible source of fresh rich
organic matter, where rural sanitation installation and practices has been highlighted as the major possible contribu-
tors. Also, the dissimilarity patterns of microbiogeochemical reactions have been explored [20-23]. A recent study
from BDP Chakdaha have reported about the microbiogeochemical process in and around As hotspot areas. The
study demonstrated that geomicrobiological process is prevailing in shallow aquifer, where As rich groundwater is

common [18].

The As heterogeneity remains unexplained in the hotspot areas, where the ongoing geomicrobiological process has
been sufficiently explained. In this study, we have attempted to examine the microbiological quality of the sampled
groundwater and identification of risk associated with the presence of microbial community (including pathogenic
bacteria). Attempt has been made to establish the inter-relationship of As heterogeneity and geomicrobiological pro-
cesses in light of the existing microbial community. This study explains the taciturn factor (rural sanitation installation
and sanitation practices) with respect to the local microbial community, associated biochemical processes and their
complex inter-relationships resulting in microbiogeochemical processes responsible for the high As concentration and

mobilization in the aquifer.
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2. Methods and materials
2.1 Study area

The study area is located in 23.02-23.14° N, 88.49-88.62°E, Chakdaha Block, Nadia District, West Bengal. It is 65 km
north of Kolkata and approximately 190 km inland from the present coastline of the Bay of Bengal (Figure 1). The re-
gional river Ganges, locally known as Hooghly-Bhagirathi flows from the west to east, whereas the river Ichamati
flows in the east and is relatively sluggish in nature [24]. The area falls within the deltaic basin of the river Ganges and
Brahmaputra. The area is largely made of alluvial deposits and extends southward down to the Bay of Bengal [25]. In
the study area, the climate is tropical (hot and humid). The ambient temperatures largely vary between 12 °C to 42 °C.
The annual rainfall ranges between 1150 mm to 4025 mm and the rainfall is typically concentrated in the monsoon

period (June-August).
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Figure 1: Map of the study area.
2.2. Sample collection, preservation, and analysis

Six different gram panchayats of Chakdaha block (West Bengal, India) were selected for groundwater and surface wa-
ter sample collection. Six groundwater and six surface water samples were collected from each of these gram pancha-
yats: Chanduria-1 (Site A), Dewli (Site B), Dubra (Site C), Hingnara (Site D), Silinda-1 (Site E) and Silinda-2 (Site F)
(Figure 2). Surface water samples were collected from ponds adjacent to the tube wells. Tube well sanitation survey
was performed carefully and recorded for all the wells. During well head sampling, each tube well was purged for a
half an hour prior to collection of groundwater sample to get the fresh groundwater samples from aquifers. Certain
parameters (pH, En, conductivity, temperature and DO) were measured on-site continuously by using a flow cell and

field multi-meter (WTW, field multi-meter, Germany). After stabilization of these parameters, the final values were
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recorded and the groundwater was sampled. The alkalinity was measured on-site using a field kit (Alkalinity Test Kit,
Merck). After sampling, all the samples were stored in ~ 4 °C in an air-tight container and shipped to the laboratory
where they were split into samples for chemical and microbial analysis. Samples for microbiological and anion analy-

sis were processed as soon as possible.
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Figure 2: Six sampling locations of each of the sites- 1-6: Site A (Chanduria-1), 7-12: Site B (Dewli), 13-18: Site C (Du-
bra), 19-24: Site D (Hingnara), 25-30: Site E (Silinda-1) and 31-36: Site F (Silinda-2).

2.3. Ion analysis

Ammonium ion (NH4") and anions were analysed overnight after field sampling to minimize the redox alteration.
NHs* and anion analysis were performed using Ion Chromatography (761 Compact IC, Metrohm). For total iron (Fer)
measurement, all the Fe was converted into the ferrous state by heating with hydrochloric acid and hydroxylamine
hydrochloride and the concentration of Fe was determined spectrophotometrically by comparing against standards
by following standard method using a UV-VIS spectrophotometer (Lamda 20, PerkinElmer). The major cations were
also measured by Ion chromatography (761 Compact IC, Metrohom). The concentration of Asr in all tube well sam-
ples was analysed by hydride generation atomic absorption spectrophotometer (HG — AAS, Varian-240, which detec-

tion limit <1 ugL1) [25].
2.4. Coliform analysis

For microbiological analysis, water samples were collected in sterile high density polyethylene vials (Tarsons) follow-
ing the standard protocols [26-27]. The presumptive test to detect the presence of coliform bacteria was performed by
culturing the sample water in lactose broth (pH 7.2). For determination of most probable number (MPN) of bacteria

present in the water sample, experiment was performed in three sets with Durham’s tube and pH indicator bromo-
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thymol blue. Each set with five test tubes were inoculated with sample water. 10 ml double strength lactose broth was
used as the media of choice for three test tubes of one set. In other two sets with three test tubes in each, 10 ml single
strength lactose broth was used. 10 ml, 1 ml and 0.1 ml water sample was used as inoculums for one set with double
strength and two set with single strength lactose broth, respectively. In all the tubes, Durham’s tube and bromothymol
blue was used to observe the formation of gas bubbles and change in pH of the media, respectively, due to the possi-
ble fermentation of lactose by the coliform bacteria. The presence of gas bubble in Durham’s tube indicates a positive
score and number of such tubes were counted to determine the MPN. Presence of coliform bacteria was further con-
firmed by spread plate method on EMB (Eosin Methylene Blue) agar plate. The water samples were further spread on
Chromocult coliform agar (Merck) plate to further detect and enumerate faecal coliforms. All the tubes and plates

were incubated at 37 °C and 42 °C for detection of total and faecal coliforms, respectively.
2.5. Risk assessment of groundwater

Sanitary inspection is a vital tool in assessing risks of bacterial contamination from different water sources [28-29]. It is
beneficial in identifying contaminants, risk of future contamination and overall assessment of water resources, water
quality and consumption particularly in rural areas [28-30]. Sanitary inspection is generally used to develop control
measures to improve microbial water quality of drinking water [30]. The sanitary risk score is a reliable tool for pre-
dicting the possible levels of bacterial contamination of water sources often used for drinking purposes. The sanitary
risk score of the six sites (Site A: Chanduria-1, Site B: Dewli, Site C: Dubra, Site D: Hingnara, Site E: Silinda-1, Site F:
Silinda-2) were calculated based on the presence or absence of four factors near the monitored tube wells: pond, agri-
cultural field, pit latrines and cracked platforms of the tube wells. These factors were selected based on the criteria
mentioned in ‘sanitary inspection form for tubewells with hand pump’ designed by WHO. The aforementioned fac-
tors could act as fresh and continuous source of contamination to the groundwater. The factors should be considered
during sanitary inspection and risk assessment as they might point out actual areas for remediation and prevention of
any potential health hazards. The presence of all the four factors near a tube well marked it as a tube well of very high
risk category, and subsequently, tube wells with three factors, two factors or any one factor were classified under high
risk category, intermediate risk category and low risk category, respectively. The tube wells were given sanitary risk
score of > 9 (very high risk), 6 to 8 (high risk), 3 to 5 (intermediate risk) and 0 to 2 (low risk) for classifying them into
different risk categories, according to WHO [30]. Percentage of such tube wells in each sites, falling under each cate-
gory were estimated and used to plot a bar graph. Similarly, six sites were also classified as low risk, intermediate
risk, high risk and very high risk category, based on increasing magnitude of faecal coliform contamination in tube
wells of each sites. Mean of faecal coliform content of all the sites were calculated and each site was classified into a
risk category based on faecal coliform score. Faecal coliform score of 0 indicated no risk, whereas faecal coliform score
of 1 to 10, 10 to100, 100 to 1000, and > 1000 indicated sites of low, intermediate, high and very high risk category, re-
spectively [30]. For complete risk assessment the sanitary risk score and faecal coliform risk scores were compiled to

identify and compare sites that required immediate attention and remedial measures both at local and regional level.
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3. Results and Discussion

3.1 Characteristic of the Study Area

In the study area, aquifer recharge occurs mostly during monsoonal rain (June-August) whereas the major discharge
is due to pumping (long-term groundwater extraction). The groundwater extraction is estimated to be up to 1x10
m3s? due to irrigation mostly for summer paddy cultivation. A significant backflow (~ 65 - 80 %) from shallow irriga-
tion wells (< 50 m) have also been noticed. A trans-boundary base flow pattern has been observed into the north-west
flowing rivers from aquifers in the dry season. The water table fluctuation is often few meters (up to 7m) due to the
impact of local pumping and increasing significantly where community water supply systems are operating. These
local imbalances in hydrological systems and their contribution on the local groundwater flow pattern are important
issues because it may possibly influence the redox condition of the aquifers by supplying surface-derived fresh organ-
ic matters promoting Fe-reduction processes in the shallow aquifers [16, 25, 31-33]. Harvey et al has pointed out that
the flat topography of the area resulted in the groundwater flow system to be controlled by the local scale flow and
influenced by local withdrawal pattern [34]. This further supports the role of local discharge and recharge areas and
their distribution pattern. The groundwater use pattern is typically from shallow tube-wells (depth <50 m) which is
used for drinking water by the entire rural population of the surveyed villages. In many cases, the groundwater of the
tube wells is under environmental stress from pit latrines, ponds often contaminated with sewage, surface and agri-
cultural run offs. This land use pattern results in groundwater often contaminated with human pathogenic bacteria.
Islam et al. reported pathogens originated from human waste to be present in tube well water samples from Matlab,
Bangladesh [35].

3.2. Physical parameters of the Groundwater

A survey of the water quality of the monitored drinking wells (usually shallow, < 50 m) in the study area reveals a
typical anoxic nature of the aquifer with the low En (- 278 mV) and low to very low (even absence) DO (Dissolved ox-
ygen) regardless of land-use pattern (Table 1). The main significant facet in the monitored shallow aquifer containing
tube well of the Gangetic alluvial (young deposits) is often found to be practically devoid of DO associated with low
to very low En. This has also been reported by the earlier workers [11, 13-15, 23, 32, 36-38]. The pH of the groundwater
is circumferent alkaline (range: 7.04-8.31) which indicates that it has high buffering capacity [14-15]. The highest tem-
perature of the groundwater is up to 31.2 °C, whereas the mean is 27.3 °C. This means that the groundwater is typical-
ly in tropical environment [6, 14, 39-41]. The conductivity of the water has also been recorded (mean 538.7 mgL-!, max
876mgL-!, min 423 mgL'). Such moderate conductivity indicates the freshness of groundwater and also indicates the
presence of dissolved ions due to intensive sediment-water interaction. The TDS (total dissolved solids) has also been
recorded where the mean value is 345 mgL-'. This suggests that there are several dissolved cations and anions in the

system due to low residence time during sub-surface flow circulation [13, 19, 24, 32, 42].

Physical Parameters Max Min Mean

Temperature ('C) 31.2 23.4 27.3
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pH 8.31 7.04 7.43
Conductivity (uScm) 876 423 538.7
E, (mV) 459 -161 278

DO (mgL") 0.3 BDL BDL

TDS (mgL") 561 271 345

Table 1: Physical parameters of the groundwater samples

3.3. Ion chemistry of the groundwater

The chemical characteristics of the groundwater are also studied (Table 2). It has been found that the major anion is
HCOs (mean 222 mgL') which is followed by Cl- (mean 21mgL-), SO (mean 8.96 mgL), NHs* (mean 2.64 mgL)
and PO« (mean 2.26 mgL'). The Asr of the groundwater is in the range of 69-178 ugL! with mean value of 118.58
pgL! and Fer of the groundwater is in the range of 8.94-4.78 mgL-! with mean value of 5.87 mgL-. It is interesting to
note that, among the anions Cl- concentration is largely varying up to 147 mgL-! with a very low mean value of 21
mgL-1. Cl- is a conservative ion and such large variation of Cl- is an important event in the BDP shallow aquifer as it
may indicate contamination of groundwater due to anthropogenic factors. Throughout the field visit, the wells having
high concentration of Cl- are usually owned by private owners (household wells), whereas the low Cl- concentration
wells are generally owned by local Government and usually used by the community. Earlier studies already demon-
strated that land use pattern (sanitation coupled with surface water bodies and agriculture land) has some local influ-
ence in increasing both As and Fe in groundwater [1, 4, 13-14]. It has also been reported that among these factors, sani-
tation could be the most important factor towards enhancing the redox process where fresh organic matter may play
an important role. The concentrations anions (HCOs, PO+* and SO4?*) are relatively less variable in sampled tube wells
when compared with the variability of chloride. It is important to note that the mean value of HCOs- is relatively high
(222 mgL1) in comparison to the mean values of the other anions (PO+*-2.26 mgL-, SO4-8.96 mgL-!, Cl-21 mgL-). The
high mean value of HCOs  is also a common feature of BDP shallow aquifer along with low Envalues [14, 16, 23, 37, 43,
44-46]. In the context of breakdown of organic matter the local reducing conditions are important and often help to
enhance such breakdown in natural environment [47, 48]. The nature, characteristics, amount and type of organic
matter is also playing an important role during their breakdown in natural environment [12, 21, 22, 45, 49, 50]. The
presence of SO could be from the mineral sources [32, 24, 51, 52]. The presence of POs«* in shallow aquifer in BDP is
already reported by several research groups [6, 53, 54]. The source of POs* will be both anthropogenic and natural. In
BDP, by and large the common PO#* bearing minerals are usually absent such as apatite, vivionite, whereas the PO4*
from fertilizer source has already been reported by various research groups [55, 56]. The study reveals that the
groundwater is principally Ca-HCO:s type and thereby supports the carbonate dissolution process. It has also been

found that Na-Cl type water has also been observed which reveals that the groundwater is also enriched with sea wa-
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ter with regard to delta forming process [57]. Nevertheless, high Na* and low CI- type water has also been noticed in

few cases which indicates that groundwater is also influence by slow exchange process [37, 56].

Chemical Parameters Max Min Mean
HCO, (mgL™") 388 83 222
Ca” (mgL") 341 186 274
Mg (mgL™") 192 56 98
CI'(mgL") 147 1 21
PO,” (mgL™") 3.24 0.96 2.26
SO, (mgL™") 16.8 3.53 8.96
NO, " (mgL") 0.07 0.04
NH," (mgL™") 4.52 2.03 2.64
DOC (mgL™") 3.96 0.57 2.35
Na' (mgL") 31.4 11.5 24.3
K’ (mgL™) 12.6 5.17 8.32
Fe, (mgL™") 8.94 4.78 5.87
% Fe (II) 98.5 69.6 93.6
As; (ugL™") 178 69 118.58
% As (III) 119 82.4 95.6

Table 2: Major element concentration of the groundwater samples
3.4. Microbiological Quality of Groundwater

A total of 36 tube wells from six sites were tested for detecting the presence of total and faecal coliforms. The number
of total coliform (TC) and faecal coliform (FC) ranged from 18 to 67 CFU (colony forming units- a measure of microbi-
al contamination) and 6 to 29 CFU, respectively, per 100 mL of water in monitored tube wells. The mean value of TC
and FC were 37.08 + 11.71 CFU and 16.61 + 5.77 CFU, respectively, per 100 mL, in tube well water of the study area
(Table 3). United States Environmental Protection Agency (USEPA) and WHO recommends absence of coliform bac-
teria in drinking water. Irrigation water should have less than 1000 CFU and 200 CFU of TC and FC, respectively, per
100ml [58-60]. The TC and FC counts of the monitored tube wells showed sinusoidal pattern (alternate peaks and
troughs) when plotted in the graph (Figure 3A and 3B). The tube wells with shallow depth (< 20m) were more con-
taminated with coliforms and therefore, the TC and FC counts in these tube wells formed the TC and FC peaks of the
graph. The deeper tube wells (<40m) with less coliforms showed TC and FC values in troughs of the graph (Figure 3A
and 3B). The different types of coliforms were further isolated and differentiated on chromocult agar plate. Coliforms
formed pink to red colonies due to their positive (3-D-glactosidase activity on chromocult agar. On other hand E. coli
formed dark blue colonies due to its 3-D-galactosidase and [-D-glucourinidase activity, on the same agar plate (Fig-

ure 4). Therefore, the monitored tube wells were contaminated with different types of coliforms, including faecal coli-
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forms like E.coli and different members of Enterobacteriaceae. The MPN value ranged from 6 to 28 per 100 ml of water
in these monitored wells. The maximum permissible limit of MPN in drinking water is 2.2 per 100 ml of water, as rec-
ommended by WHO [61]. Therefore, the findings of the study indicate the unsafe nature of the groundwater, unhy-
gienic sanitary practices and sewage leakage around the monitored wells and warn its use as drinking water [62].
Such groundwater might increase the prevalence of water borne diseases among the nearby residents. These tube
wells could also act as source of pathogenic microbes and increase the transmission of such microbes to other water
supplies and agricultural fields. Therefore, the results point towards the need of alternative source of groundwater for
drinking and agricultural purposes. Currently, available alternative drinking water supplies are insufficient and
deeper aquifers (> 150 ft) are the only reliable alternative source of groundwater for drinking and agricultural purpos-
es [11]. Additionally, lack of adequate storage amenities and insufficient availability of groundwater, often force the
local residents to use pond water for drinking and other purposes, particularly during the dry season. The alarming
condition indicated by the aforementioned results seeks the attention of policy makers and the local government to-

wards the need of safer source of groundwater.

Microbial parameters Groundwater Surface water (at 10 dilution)
Total coliform count Range: 18 to 67 Range: 229 to 684
(CFU/100 ml of the water sample) Mean: 37.08 £ 11.71 Mean: 484.03 + 98.95
Faecal coliform count Range: 6 to 29 Range: 88 to 378
(CFU/100 ml of the water sample) Mean: 16.61 £ 5.77 Mean: 252.75 + 78.37

Table 3: Total and faecal coliform counts in groundwater and surface water samples of the study area
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Figure 3:

Total coliform and Faecal coliform count in groundwater (tube well). A. Total coliform count in tube well water sam-

ples of the study area. B. Fecal coliform count in tube well water samples of the study area.

Figure 4: Chromocult agar plate with different coliform bacteria
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Figure 5: Total coliform and Faecal coliform count in surface water (pond). A. Faecal coliform count in pond water

samples of the study area. B. Faecal coliform count in pond water samples of the study area.

3.5. Microbiological Quality of Surface water

In this study, the total and faecal coliform counts were also estimated in ponds adjacent to the monitored tube wells.
The TC and FC count in pond water varies from 229 to 684 CFU and 88 to 378 CFU, respectively, per 100 ml of pond
water sample at 10 dilution. The mean value of TC and FC were 484.03 + 98.95 CFU and 252.75 + 78.37 CFU, respec-
tively, per 100 mL, in pond water of the study area at 10 dilution (Table 3). The TC and FC count of the pond water
may indicate uncontrolled surface run off, unhygienic practices, sewage leakage, notably from nearby pit latrines and
faulty water supply system of monitored tube wells adjacent to them. These ponds may also play significant role in
transmission of coliforms to groundwater from the tube well, particularly during the wet season. These factors to-
gether increase the microbial contamination significantly in the pond water samples and adjacent tube wells making

them unsafe for drinking [63, 64]. The findings of this study corroborates with the findings of other studies focussed
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in several parts of BDP [11, 37, 65]. The TC and FC counts of the pond water samples showed saw tooth pattern simi-
lar to the TC and FC counts of tube well water. In most of the cases, the TC and FC peaks of monitored wells corre-
sponded with the TC and FC peaks of water samples from ponds adjacent to them (~ 2-3m). Similarly, the TC and FC
troughs of the monitored wells corresponded to TC and FC troughs of the pond water adjacent to those wells (Figure
5A and 5B). This again indicate the probable transmission of coliforms from tube wells with high TC and FC count to
their adjacent ponds (~ 2-3m) or vice-versa, by groundwater leakage due to faulty water supply system or cracked

platforms.
3.6. Seasonal variation in microbial quality of groundwater and surface water

Microbial growth, abundance and composition depend on multiple physical factors like temperature, pH, organic
matter and therefore, groundwater and surface water usually show seasonal variation in their microbial quality [66,
67]. In this study, seasonal variation in microbial quality of groundwater (from tube wells) and surface water (from
ponds), has been investigated (Figure 6A). The groundwater and surface water of all the sites were contaminated with
total and faecal coliforms, in both dry and wet seasons. Both groundwater and surface water samples showed high
total and faecal coliform content during wet season (September to November). The coliform content was comparative-
ly low in dry season (April to May) in both the type of water samples, which could be due to decreased leaching, de-
creased surface run off and increased temperature of the water samples. During wet season, groundwater samples
from site E showed the maximum mean of total coliforms (107.3 CFU/ ml), followed by groundwater samples from
site F (102.2 CFU/ ml), site B (101.5 CFU/ ml), site D (92.2 CFU/ ml), site C (92.0 CFU/ ml) and site A (85.8 CFU/ ml).
Groundwater samples of site C had highest mean of faecal coliform (72.8 CFU/ ml), followed by site E (67.3 CFU/ ml),
site F (66.3 CFU/ ml), site B (65.2 CFU/ ml), site D (65.0 CFU/ ml) and site A (62.8 CFU/ ml). During dry season there
was a drastic drop in the number of total and faecal coliforms of all the sites. During dry season, maximum number of
total coliforms was observed in groundwater samples of site A (mean 56.7 CFU/ ml), followed by site B (mean 48.8
CFU/ ml), site E (mean 48.5 CFU/ ml), site D (mean 47.2 CFU/ ml), site F (mean 45.2 CFU/ ml) and site C (41.2 CFU/
ml). The faecal coliform content was highest in groundwater samples of site D (mean 20.5 CFU/ ml), followed by site
C (mean 19.3 CFU/ ml), site F (mean 18.3 CFU/ ml), site E (18.0 CFU/ ml), site A (16.7 CFU/ ml) and site B (16.2 CFU/
ml) (Figure 6A). All the tube wells of site E, C and B were close to pit latrines and more than 80% of tube wells in these
sites had cracked platform. Site E showed highest number of total coliform and second highest number of faecal coli-
forms in wet season. Site C showed highest number of faecal coliforms in wet season. At least 65% of tube wells of site
A, D and F were close to pit latrines and more than 65% of the tube wells in these sites had cracked platforms. Site F
showed second highest total coliform content in wet season. Therefore, faulty construction of pit latrines could play a
significant role in transmission of coliforms, including faecal coliforms to contaminate the groundwater of tube wells.
Such transmission would be further enhanced by cracked platforms of tube wells and surface run offs from adjacent

water bodies.
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The seasonal variation in microbial quality of surface water was also investigated in this study (Figure 6B). In wet sea-
son, the highest number of total coliform was estimated in pond water sample of site F (mean 554.6 X 103 CFU/ 100
ml), followed by site C (mean 521.2 X 103 CFU/ 100 ml), site B (477.7 X 103 CFU/ 100 ml), site D (469.5 X 103 CFU/ 100
ml), site A (mean 443 X 103 CFU/ 100 ml) and site E (mean 438.2 X 103 CFU/ 100 ml). In dry season, the total coliform
content of pond water samples decreased to50%, for all the sites (site A: mean 246.7 X 10° CFU/ 100 ml, site B: mean
253.3 X 103 CFU/ 100 ml, site C: mean 244.7 X 10° CFU/ 100 ml, site D: mean 222 X 10® CFU/ 100 ml, site E: mean 221 X
103 CFU/ 100 ml and site F: mean 205.5 X 103 CFU/ 100 ml). In wet season, the faecal coliform content was highest in
pond water sample of site F (mean 304.8 X 10° CFU/ 100 ml), followed by pond water sample of site C (mean 274.7 X
103 CFU/ 100 ml), site B (mean 273.5 X 103 CFU/ 100 ml), site E (mean 230.0 X 10°CFU/ 100 ml), site A (mean 218.0 X 103
CFU/ 100 ml) and site D (mean 215.5 X 103 CFU/ 100 ml). Similar to the total coliform content, there was a drop (~ 50%)
in the faecal coliform content of all the sites (site A: mean 114.5 X 103 CFU/ 100 ml, site B: mean 126.3 X 103 CFU/ 100
ml, site C: mean 142.3 X 102 CFU/ 100 ml, site D: mean 120.7 X 103 CFU/ 100 ml, site E: mean 127.5 X 103 CFU/ 100 ml
and site F: mean 139.7 X 10° CFU/ 100 ml) (Figure 6B). The pond water of all the sites with high number of total and
faecal coliforms might add coliforms to groundwater of adjacent tube wells by surface run offs and leaching. Also,
pond waters with high coliforms should not be used for bathing and other household purposes. Such water samples

with high total and faecal coliform content are not only unsafe for drinking purpose but also for agricultural purposes.
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Figure 6: Seasonal variation in total and faecal coliform counts of groundwater and surface water. A. Mean of total
and faecal coliform counts in tube well water samples of different sites in dry and wet season. B. Mean of total and

faecal coliform counts in pond water samples of different sites in dry and wet season.

3.7. Risk Assessment of groundwater
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Anthropogenic activities significantly influence the microbial and physicochemical quality of groundwater. Improper
sanitation practices like adjoining and faulty construction of pit latrines, open defecation near the ponds, etc., contam-
inates the water sources directly or indirectly. The groundwater from monitored tube wells is often used for drinking
purpose by the local residents. However, these tube wells might act as sink of total and faecal coliforms from sewage
leakage (from pit latrines), surface runoffs (from ponds and abstraction). Intake of coliform contaminated groundwa-
ter might lead to serious health hazards in local residents and therefore, identification of such unsafe tube wells and
implementation of remedial measures, both at local and regional level, is the need of hour. In this study, the six sites
have been classified and compared according to sanitary risk score and faecal coliform score suggested by WHO [30].
Based on the sanitary risk score, 25.0 %, 58.3 %, 11.1 % and 5 % of tube wells of the six sites fell under very high risk
(sanitary risk score > 9), high risk (sanitary risk score 6-8), intermediate risk (sanitary risk score 3-5) and low risk cate-
gory (sanitary risk score 0-2), respectively. Among the six sites, 33.3 % of tube wells from each of the site B, C, D and E
fell under very high risk category. Only 16.6 % of tube wells of site F belonged to very high risk category. Site A
lacked tube well of very high risk category. However, 83.3% of tube wells of site A fell under high risk category. 50 %
of tube wells of site B and F, 66.6 % tube wells of site C and E, and 33.3 % tube wells of site D were in high risk catego-
ry (Figure 7A). These results complement with the classification of the sites based on faecal coliform score. Faecal coli-
form scores indicate microbiological quality of groundwater and classify different sites according to increasing order
of magnitude of faecal contamination [30]. All the six sites belong to intermediate risk category (FC count 10-100 per
100 ml of water) and are contaminated with mean 14.00 (site A), 13.33 (site B), 16.70 (site C), 22.00 (site D), 18.50 (site
E) and 15.20 (site F), CFU, respectively, of faecal coliforms per 100 ml of groundwater (Figure 7B). Sanitary risk score
represents the entire history of contamination in the groundwater, whereas faecal coliform score indicates recent con-
tamination and provide information only for a very short period of time. Therefore, risk assessment of all the sites re-
quires compilation of sanitary risk score and faecal coliform score [30]. Therefore, based on the sanitary and faecal
coliform score, it can be suggested that all the sites possibly require immediate attention and falls under intermediate
to high risk category. Such relative risk score is required for comparison and identification of groundwater sites, some
of which might require urgent attention. Remedial measures must be taken for prevention of faecal coliform transmis-
sion to new sites and identification of faecal coliform transmission routes. Remedial measures are to be taken both
from local and regional level. Such study might also play significant role in development of remediation strategy at

national level.


https://doi.org/10.20944/preprints202306.2052.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 June 2023 doi:10.20944/preprints202306.2052.v1

A 0

- 30 /A - Very bigh risk category
]

§ - [ migh risk category

60

§ 0 :] Intermediate sk category
@

§. 40 - Low risk category

2 30

= 20 |

0 e LiL | I L] L o b3 _
Site A Site B Site C Site D Site E
B. 2¢

-
b =

..
o

Total coleforms connt
(CFL/100 ml of water sasple)
"

Site F

Site A Site B Site C Site D Sete k

Figure 7: Risk assessment from sanitary risk score and faecal coliform score of different sites. A. Sanitary risk category

of tube wells of different sites B. Mean faecal coliform count based faecal coliform score of tube wells of different sites.
3.8. As heterogeneity and responsible taciturn factor

The Asr content was estimated in monitored wells of six sites. Site B showed maximum As contamination in the
groundwater (mean: 139.833 ugL-, range: 98-163 ugL), followed by site D (mean: 124.833 ugL-, range: 74-167 ugL-),
site C (mean: 120.167 pgL-, range: 91-142 ugL-V site E (mean: 113.5 pugL-, range: 78-178 ugL-), site A (mean: 109.667
pgL?, range: 87-129 ugL?) and site F (mean: 103.5 pgL-, range: 69-171 pgL-1). The monitored wells showed As hetero-
geneity as well as microbial heterogeneity (Tc and Fc) within each sites and a positive correlation was observed be-
tween these three variables in most of these wells (Figure 8). Groundwater samples with high Tc and Fc content were
contaminated with high concentration of Ast concentration in these monitored wells showed saw tooth pattern simi-
lar to their pattern of Tc and Fc contents mentioned earlier (Figure 3 and 8). Both As levels and microbial contamina-
tion (Fc and MPN) are found to be remarkably high (Astup to 178 pgL-1 and TC & FC up to 67 and 29, respectively)
in some monitored wells and they are increasing in similar pattern. However, the relationship between As levels and
microbial contamination cannot be generalised. On the other hand, As and Fe correlation from similar study area have
been found to be significantly positive (even strongly positive) [18]. The systemic change in relationship between As &
Fe and As & microbial contamination is an important observation, which is generally underexplored. The relationship
between As & Fe is often due to geochemical processes like Fe-reduction and dissolution of both As & Fe in the
groundwater [12, 32]. On the contrary, the relationship between As & microbial contamination is usually guided by
natural geomicrobiological processes, which are predominantly dissimilar in nature [17, 35]. Additionally, the pH of
the monitored wells are also found to be alkaline in nature, significantly on those wells, where both As & microbial

contaminants are found in relatively higher levels. This further strengthens the ongoing geomicrobiological processes
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in these shallow aquifers [18]. Recent study by Barman et al. from this study area has already reported Enterobacter sp.
in the shallow well water. Earlier studies have also suggested that BDP shallow groundwater has been contaminated

with fecal coliform of pathogenic origin [18].

The risk analysis study between As and sanitary assessment are more encouraging and interesting to further corrobo-
rate the geomicrobiological process in the shallow aquifer of the study area. The sanitary risk score reveal the need of
immediate attention to all the sites, as 25.0 %, 58.3 %, 11.1 % and 5 % of tube wells of the six sites fell under very high
risk (sanitary risk score > 9), high risk (sanitary risk score 6-8), intermediate risk (sanitary risk score 3-5) and low risk
category (sanitary risk score 0-2), respectively (Figure 7). In this study, a taciturn factor (sanitary installation) could
reasonably explain the usual source of microbial contamination, which is pathogenic in nature and is of fecal origin.
The earlier researchers also mentioned about various land use patterns (pit latrine, pond, agricultural field, cattle shel-
ter) that can be linked with As mobilization in significantly higher levels with respect to both national water quality
standards and WHO guideline. Several microcosm experiments are also conducted to decipher As and microbial rela-
tionship regarding As mobilization [4, 28-30]. In those studies, it has also been found that As, Fe relationship is de-
coupling and role of microbial community is important to increase As concentration [35]. This further suggests that
the high concentration of As in groundwater can be associated with geomicrobiological processes, which is dissimilar

in nature [17, 35].

Both the aforementioned findings focus towards As heterogeneity generally found in these hotspots, when microbio-
logical processes are playing significant role in shallow aquifer, where leakage of sewage from pit latrines are com-
mon (particularly the contaminated tube wells located very near to sanitary installation). The characteristics of As het-
erogeneity (degree, nature and type) largely depend upon the ongoing geomicrobiological processes, microbial diver-
sity, which shows wide variation in these habitats. Finally, the depth of the tube wells, the nature of the bacteria,
availability of fresh organic matter and aquifer characteristics may also play important roles regarding upscal-
ing/downscaling of the characteristic heterogeneity [18]. Therefore, sanitation installation has to be given more priori-
ty during selection of tube well installation site rather than installation practices in uncontrolled manner. Local and
rural tube well drillers should be made aware about the importance of land use pattern.
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Figure 8: As heterogeneity showing correlation with microbial heterogeneity in monitored wells of six sites.

Conclusion
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The occurrence of high As concentration in the groundwater of the study area (Chakada Block, Nadia Distract) has
drawn attention along with the pattern of its distribution. The monitored drinking wells (usually shallow, < 50 m) of
the study area reveals the typical anoxic nature of the aquifer with the low Ex, very low DO, moderate to high conduc-
tivity and TDS, and variable chloride concentration. The groundwater is principally Ca-HCO:s type followed by Na-Cl
water type. High Na and low Cl type water in few cases indicates groundwater influence by low exchange process
and contamination from local anthropogenic sources. The predominant mechanism of As mobilization in the moni-
tored drinking water wells is dissolution of Fe—phases (oxy-hydroxides) and desorption of As from these oxy-
hydroxides thereby, releasing As into the groundwater. The microbiological quality of the sampled groundwater indi-
cates the unplanned human habitation, unhygienic sanitary practices and poor maintenance of pit latrines and tube
well platforms in the study area. The TC and FC count of the pond water suggest uncontrolled surface run offs and
sewage leakage, notably from nearby pit-latrine, which increased the microbial contamination levels in the ponds. The
tube wells located in close proximity (~ 2-3 m) of the surveyed ponds are also contaminated with high TC and FC val-
ues, due to faulty water supply system, pond water infiltration, cracked platforms, etc. All these finding suggested
that local land-use pattern has significant influence on groundwater quality. The TC and FC values of monitored tube
wells and ponds showed seasonal variation, with high TC and FC values during wet season. The sanitary risk score
and the abundance of faecal coliform also revealed the need of immediate attention to all the sites, as most of the tube
wells belonged to very high or high risk category. The monitored tube wells also showed As heterogeneity in a posi-
tive correlation with microbial heterogeneity and followed the similar sinusoidal pattern with the TC and FC content
of the wells. Therefore, the findings of this study shed light on the factors responsible for unsafe nature of monitored
tube wells and the influence of anthropogenic activities on the microenvironment of the groundwater, which could be

a probable reason behind the As heterogeneity in the groundwater of the study area.
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