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Abstract

Large-scale mass poisoning through arsenic contaminated groundwater is a global
concern and Bangladesh is among the countries exposed to high concentrations of
arsenic in groundwater. As arsenic is a widespread contaminant, several studies have
been conducted on it but only a few of these studies were held on micro regions by
assessing its role on water quality index. In this study, the source and mobilization of
arsenic, its effect on soil and plant, level and consequence of toxicity in human health
along with current and potential methods to eliminate arsenic from groundwater in
Bangladesh were reviewed based on previous researches. Along with the review, an

experimental study was also carried out in an arsenic prone region of Bangladesh IJSB
named Faridpur Sadar Upazila to delineate the role of arsenic in contamination by Accepted 12 July 2021
generating two synthetic scenarios where water quality was measured by the weighted Published 29 July 2021

arithmetic water quality index (WQI) method. From the review it was found that, both =~ DOl 10:5281/zenodo5144547

geogenic, as well as anthropogenic sources, contribute to arsenic affluence in
groundwater in Bangladesh. The most accepted theory states that the Himalayan is the
primary geogenic source of arsenic in the Bangladesh. Arsenic arrived in the aquifer
transported with sediments which eventually releases into groundwater by several
biogeochemical processes. This arsenic-contaminated groundwater is extensively used
for drinking purpose and irrigation resulting in accumulation of arsenic in human
body, soils and plants. Moreover, the accumulated arsenic in soil and plants transmits
into the human body jeopardizes human health. Though, several arsenic removal
technologies are now in practice in Bangladesh, more eco-friendly and convenient
methods may be utilized to attenuate the level of toxicity. The experimental study
revealed that, if the arsenic amount was reduced from the present condition, the
overall WQI increases considerably. At one location, the index changed from category E
to category B while considering a synthetic scenario of no arsenic in water. This
indicates that arsenic is the key pollutant of groundwater in the area. This paper
expects the kind attention of the local people and policymakers about the severity of
arsenic pollution in the region.
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1. Introduction

In Bangladesh, groundwater is the key supplier of water for drinking, domestic purpose, and
irrigation. Therefore, the quality of groundwater plays a vital role in maintaining the quality
of human life which is controlled by different factors like anthropogenic activities, geologic
formation, and mineralogy of the area (Swarnokar et al., 2019). Unfortunately, in Bangladesh,
the quality along with the quantity of groundwater is deteriorating (Islam et al., 2017).
Presently, the deterioration of groundwater quality is an emerging problem in Bangladesh
(Shahidullah et al., 2000; Raihan and Alam, 2008; Bahar and Reza, 2010; Rahman et al., 2012;
Biswas et al,, 2014). Being the principal groundwater contaminant in Bangladesh (Figure-1),
arsenic poisoning has become among the most significant natural catastrophes in the world
(Das et al.,, 2004). When, contamination has become a major threat to Earth’s stability and
human survival (Landrigan et al, 2018), globally the first toxic substance reported to
propagate in the hydrosphere is arsenic (Masuda, 2014). River basins of Southeast Asia which
lie within GBM Delta is severely affected by arsenic contamination in groundwater (Panaullah
et al, 2009; Tondel et al.,, 1999; Chakraborti et al., 2013; Chakraborti et al., 2016). Specifically
in West Bengal and Bangladesh, arsenic concentration as high as 1000 ug/L which makes it
the most contaminated groundwater of the world (Mondal et al,, 2007; Chowdhury et al,,
1997; Bhattacharya et al., 2014). It is anticipated that, apart from different anthropogenic
activities, the primary source of arsenic is geogenic which is the Himalayan. Originating from
the Himalayan, arsenic enters the aquifer system being sorbed into sediments and under
different biogeochemical processes and chemical conditions, arsenic releases, and mobilizes
into groundwater.

Arsenic Contamination in Groundwater of Bangladesh
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Figure-1: Overview of arsenic contaminated regions of Bangladésh (Chowdhury et al., 2006)

It is termed as the class (I) human carcinogenic element which is widely distributed in both
organic and inorganic form in the environment (Hughes et al., 2011; Bailey et al., 2009).
Through drinking water along with industrial activities, almost 100 million people are
exposed to more than 50pug/L arsenic concentrations (Moon et al, 2012; Vather, 2008).
Consumption of inorganic arsenic-contaminated groundwater for drinking purposes in
Bangladesh is one of the largest mass poisonings in history (Smith et al., 2000). Generally,
arsenic is found in subsurface water. Around 30-35 million people are using arsenic-
contaminated drinking water in Bangladesh (BGS, 2001). Originating from bedrock and
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leaching into groundwater, inorganic arsenic is of major concern for drinking water (Welch et
al, 2000). Moreover, agrarian production utilizing arsenic-contaminated irrigation water
endangers food quality (Juhasz et al., 2006). This poses a potential risk to human health as its
toxicity can transmit into the human body through the consumption of groundwater and
plant-animal food chain. Moreover, constantly recurring exposure to arsenic is the prime
cause of arsenic-induced mortality (Chen and Ahsan, 2004). Different research testified the
relations of arsenic exposure with different diseases (i.e., cancer, diabetes, bronchitis
hypertension, skin lesions, and other vascular diseases) (Rahman et al., 1999; Chen et al,,
1995; Mitra et al,, 2004). Arsenic also affects the liver, kidney (Yuan et al., 2010), and lungs
(Smith et al., 2006) along with causing skin diseases (Yu et al., 2006) and bladder cancer
(Marshall et al, 2007). The presence of high arsenic concentration in aquifer led to
widespread arsenic poisoning which augmented the necessity to study arsenic into
groundwater in the region and the most researched groundwater system in the world is
Bangladesh (Smedly and Kinniburgh, 2002; Haque and Johannesson, 2008; Haque,2018;
Mukherjee, 2018).In Bangladesh, arsenic poisoning in groundwater has been identified in 59
districts out of 64 districts around the country (Islam et al., 2004). Arsenic contamination is a
key factor affecting the deterioration of groundwater quality especially in the central part of
Bangladesh (Kinniburgh and Smedley, 2001) and Faridpur is among the most dreadfully
affected districts among these (Saifullah ,1999; Frisbie et al., 2002; Murcott, 2012). A study
conducted by (Khan and Bakar, 2020) revealed that, in the Faridpur district, the risk of having
an arsenic level greater than 10 ppb in household drinking water is greater than 70%. If
attention is not given, this situation might exacerbate. Thus, comprehensive knowledge of the
source, mobilization, and effect of arsenic on human health in Faridpur is required to
delineate the complete arsenic situation of the region. Moreover, to comprehend the severity
of the problem, it is also necessary to envisage the picture without the problem. For this
reason, analysis of the change of water quality along with different levels of arsenic in
drinking water is irrefutable to evaluate the effect of arsenic. In this regard, the water quality
index (WQI) is among the most efficacious and convenient methods (Akter et al,, 2016). As
different types of pollutants coexist in groundwater and the WQI represents the quality of
water considering the effect of all these pollutants, it will be convenient to observe the effect
of change of arsenic level on overall water quality. What if the concentration of arsenic was
reduced to half of the present concentration or what if there was no arsenic in the area? How
the water quality would have been? How much influence does arsenic have on the water
quality of the region?

The present study intends to bring to light the severity of arsenic pollution of groundwater in
Faridpur Sadar Upazila, an arsenic affected unit under the Faridpur district of Bangladesh.
The review will provide plausible reasons for arsenic enrichment, the effect of arsenic on the
plant, conventional arsenic remedial technologies, and the effect of arsenic on the human
health concentrating the region. Along with that, an experimental study was also carried out
to demonstrate the acuteness of arsenic on groundwater using the Weighted Arithmetic
water quality index method. The aim was to alert the local people and policymakers about
arsenic pollution by illustrating its present scenario along with its effect on the whole water

quality.

2. Review on source, mobilization, toxicity, health impact, and remedial technologies of
arsenic

2.1 Source and Mobilization of arsenic

Groundwater containing a high concentration of arsenic has been identified in Bangladesh,
West Bengal (India), Argentina, Chile, Hungary, China, and Vietnam which has urged the
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reevaluation of the reasons behind the source and distribution of arsenic in the natural
system (Smedley and Kinniburgh, 2002). The alluvial aquifers of the Ganges delta are
contaminated with naturally appearing arsenic (Kabir et al., 2016). In the Bengal delta,
arsenic was first discovered in 1980 whereas, in 1993, a trace of arsenic was identified in
three districts of Bangladesh. Globally, Bangladesh is among the most dreadfully affected
region to arsenic contamination occupying a large number of people directly exposed to
arsenic toxicity (Smedley and Kinniburgh, 2002). Adjacent to the banks of major rivers, the
most severely arsenic affected areas are situated (Zimmermann et al., 2010). The scale of
arsenic concentration in Bangladesh has augmented the necessity of an in-depth study of the
alluvial aquifers. Several studies have been conducted to identify the origin and abundance of
arsenic in the groundwater of Bangladesh. Faridpur district is situated on the Ganges delta.
Here, it was found that arsenic concentration increases with depth in wells (Nickson et al.,
1998). The average soil arsenic concentration of the Faridpur District was found to be almost
three times higher than the world limit (Ahsan et al, 2009). A comprehensive study
conducted by (Bodrud-Doza et al.,, 2016) established that both geogenic and anthropogenic
sources i.e., rock-water interaction are responsible for deteriorating the quality of
groundwater in Faridpur. Being situated within the Ganges delta, the occurrence and
mobilization mechanism of arsenic in the Faridpur district largely follows the Ganges Delta.
The concentration of arsenic increases from 20-40 m depth below ground and again
decreases to a considerably low concentration between 100-200m (Ravenscroft et al., 2005).
The shallow aquifer is the main source of arsenic which has been exploited mostly (Das et al.,
2004). Arsenic in the shallow aquifer may increase over the years (Ravenscroft et al., 2005).
On the other hand, in most cases, deep aquifers are found to be free of arsenic contamination.
In the case of soil, the mean concentration of arsenic in surface soil (0- 15 cm) is usually
higher than sub-surface soil (30 cm depth) (Ravenscroft et al., 2011). Clay soils have a greater
affinity to bind with arsenic compared to sandy soil (Heikens et al., 2006). The geological and
geochemical condition at different depth of soil determines the concentration of arsenic.
During monsoon, when the water table is replenished by water, the arsenic seeps into the
tube well (Karim et al., 1997). It is anticipated that, for a thousand years, arsenic has been
present in groundwater (Akhter and Ali, 2011). Both anthropogenic activities and geogenic
processes are responsible for high arsenic enrichment in groundwater in Bangladesh
(Hossain et al., 2006; Josepth et al,, 2015). The anthropogenic activities include the use of
pesticides and fertilizers, extensive use of coal in thermal power plants, expansion of
chemical industries, mining, overexploitation of shallow aquifer, and irrigation using arsenic-
contaminated water (BGS, 2001; Christodoulidou et al., 2012; Kumar et al., 2016; Stollenwerk
et al, 2016; Huq et al,, 2018; Harvey et al., 2006) reveals that the utilization of irrigation
water in rice fields may transport arsenic from near-surface sediments. For the geogenic
source of arsenic, it is anticipated that the source may lie upstream of Bangladesh where
arsenic is sorbed to iron oxyhydroxides (Nickson et al., 2000). The main geogenic source is
assumed to be the Himalayan orogenic belt. The aquifer sediments of N and NW parts of
Bangladesh are postulated to be originated from here (Verma et al., 2019). As Arsenic can
derive from several kinds of bedrock, the arsenic enriched minerals in this region are
hypothesized to be derived from chemical weathering of the Himalayan rocks (Albright et al,,
2012; Acharyya et al., 2000; Guillot and Charlet, 2007; Mukherjee et al., 2014). Different
geological processes like rock weathering, deposition of hydrochemical ore, volcanic
movement, bushfire, flooding, and leaching of geological formation in the Himalayan range
make it an arsenic reservoir (Huq et al., 2018). Eventually, this arsenic enriched sediment was
transported to the Ganges Delta Basin by sedimentary process (Chakraborty et al., 2015; Huq
et al., 2020). After that, under the favorable biogeochemical condition of the aquifer, arsenic
enters into groundwater from the arsenic sorbed sediment.
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It has been noted that, compared to the arsenic concentration in soils and sediments,
groundwater bears less arsenic concentration. For instance, a study conducted by (Seddique
et al, 2011) found an arsenic concentration of 5 to 16 mg/kg in aquifer sediments wherein
groundwater was > 1 mg/L. This indicates that arsenic concentration in groundwater
depends predominantly on the aquatic environment and chemical condition of the host phase
which are redox condition and pH of water that control the escape of arsenic from aquifer
sediment (Masuda, 2018). It was observed that moderate alkalinity, HCO3- and low
concentration of NO3- and SO4%- induce the release of arsenic into groundwater (Huq et al,
2018; Bayatkashkoli et al.,, 2017). Bangladesh is subjected to arsenic contamination due to
aquifers containing Cenozoic sediments (Masuda, 2018; Ravenscroft et al, 2005). The
aquifers are alluvial formation which consists of the Pleistocene and Holocene sediments of
the Ganges Delta (Christodoulidou et al., 2012). In the aquifers, iron oxyhydroxide exists as
sedimentary grains or coatings. Under the reductive dissolution of iron oxyhydroxide, the
arsenic sorbed to its releases. The higher concentration of dissolved organic carbon (DOC)
and a lower concentration of NO3 and SO4%  indicate the reducing environment of the
subsurface aquifer of Ganges Delta Plain where plentiful organic matter is deposited with
sediment containing iron and manganese (Halim et al., 2009; Kinniburgh and Smedley,2001).
Microbial metabolism of organic matter of sediments stimulates the reduction of iron
(Swarnokar et al.,, 2019). From this, it can be inferred that biodegradation of organic matter
and reductive dissolution of iron oxyhydroxide are the two dominant mechanisms that
release arsenic into aquifers (Halim et al., 2009). Another study suggests that at the lower
part of the Holocene aquifer, enrichment of organic matter, and biotite along with the
chemical dissolution of these substances have a contribution to the arsenic release
mechanism (Seddique et al., 2008). The hypothesis that due to lowering of water level,
oxygen enters into the aquifer and executes oxidation of arsenic bearing pyrite thus release of
arsenic to groundwater occurs (Das , 1995; Das et al, 1996) is discordant as if this has
occurred then arsenic would not be present in groundwater and be adsorbed to FeOOH which
is the product of oxidation (Thornton , 1996). According to many authors, long-term
geochemical changes and due to oxidation of arsenopyrites (core compound of arsenic),
arsenic released in aquifers (Mandal et al.,, 1996). Though some authors contradict this by
stating that arsenopyrite does not directly mobilize arsenic (Halim et al., 2009).

As stated above, a moderate alkaline environment along with reductive conditions resulting
from biogeochemical activities, act as a key factor in the amplified arsenic release into
groundwater. The process of flushing solutes from aquifers and transport them into the
subsurface is complex. Different studies (Mukherjee et al., 2008; Radloff et al., 2017; Tareq et
al., 2013) have stated that, in mobilizing arsenic, redox reaction associated with microbial
activities plays a key role. The organic matter present in the aquifer act as the factor to
conduct the redox reaction of iron oxyhydroxide which consequently mobilizes arsenic
(Tareq et al., 2013; Reza et al.,, 2010; Xie et al.,, 2012). In the case of Bangladesh, both the
reductive environment of aquifer along with redox reaction of iron oxyhydroxide is
responsible for the occurrence and mobilization of arsenic (Shamsuddaha et al.,, 2008).
Moreover, a substantial amount of organic matter derived from anthropogenic sources like
pesticides, insecticides, human waste may accumulate in shallow aquifers and thus influence
the mobilization of arsenic. The reduction of arsenate to arsenite can also act as a factor
contributing mobilization of arsenic (Huq et al., 2020). The redox reaction influenced
predominantly by microbial activities plays a vital role in arsenic mobilization (Harvey et al.,
2005). Also, the ion exchange mechanism of different arsenic host substances like sediment,
chlorine enriched wastewater, phosphate fertilizer plays a significant role in arsenic
mobilization (Caporale et al., 2018; Mukhopadhyay et al., 2017; Nazari et al., 2017; Yang et al,,
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2017; Gao et al., 2013; Michael and Khan, 2016). Sulfate-reducing bacteria like Acinetobacter
and Brevundimonas play a vital role in SO42- a reduction which in turn poses an influential
role in arsenic mobilization (Bahar et al., 2016; Xie et al,, 2013; Akhter et al,, 2017; Zhang et
al, 2017). This indicates the importance of the presence of sulfate-reducing bacteria in
groundwater. From all these, it can be inferred those different types of substances originating
both from geogenic and anthropogenic sources are associated with different biogeochemical
processes which along with their influence in the aquifer environment play a significant role
in mobilizing arsenic in the groundwater of Bangladesh. A diagram showing the key feature
and mechanism governing the arsenic occurrence in Bangladesh is shown in figure-2.

‘ Groundwater aquifers in Bangladesh containsAs>0.01 mg/I ‘
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Figure-2: Key features and mechanism governing arsenic occurrence in Bangladesh
(Mukherijee et al., 2011; Huq et al,, 2020)

2.2 Soil toxicity and Phytotoxicity

From an agricultural point of view, arsenic-contaminated irrigation water jeopardizes human
health as it can convey toxicity to both crop and soil and can be transported into the food
chain (Meharg et al.,, 2009; Zhao et al., 2010; Heikens et al., 2007; Huq et al., 2006; Juhasz et
al., 2006; Williams et al., 2005; Zavala et al., 2005). In Bangladesh, arsenic concentration in
surface soil has been raised due to the extensive extraction of arsenic-contaminated
groundwater (Meharg et al, 2003). A study conducted by (Das et al, 2004), found a
significant linkage between the level of arsenic contamination in water and the amount of
arsenic in the soil which resulted in a higher accumulation of arsenic in rice, vegetables, and
fishes in areas experiencing a higher level of arsenic contamination. Moreover, human
exposure to arsenic elevates through the plant-animal-human path if cattle are fed rice straw
which is grown using arsenic-contaminated water (Abedin et al., 2002).

The concentration of soil arsenic also disturbs rice plant growth. Arsines (formation when
arsenic comes in contact with acid) harms rice plant roots which hinders nutrient uptake of
plants (Chakraborti et al., 2013). As the concentration of arsenic in soil increases, the rice
straw arsenic content also increases. It was also found that rice naturally accumulates arsenic
(Lin et al,, 2015; Su et al., 2010; Williams et al., 2007) which is a major issue as Bangladesh is
one of the leading countries producing rice. Compared (Islam et al., 2004) to other districts,
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the level of arsenic contamination both is soil, and water was found to be severe in Faridpur
district. A study conducted in the Faridpur district revealed that using arsenic-contaminated
shallow groundwater for irrigation for a longer period (16-17 years) led to the accumulation
of arsenic in the soil which resulted in higher arsenic concentration in rice. (Heikens et al.,
2007). Moreover, being the main diet of cattle, rice straw adversely affects the condition of
animal health and it was found that the arsenic concentration of cattle manure is almost the
same as the arsenic concentration of the straw (Panaullah et al., 2009). This in terms led to an
increase of human exposure to arsenic as manure is utilized as kitchen fuel (Pal et al., 2007).
A micro-regional study on (Kabir et al.,, 2016) Faridpur Sadar Upazila of the Faridpur district
of Bangladesh found that in a rice plant, straw and husk accumulate the highest amount of
arsenic followed by rice grain. The study found that, on rice straw, 57% had arsenic
concentration more than 2 ppm whereas only 13% contained less than 1 ppm arsenic. It was
also found that, if the elevation of the land is taken into account, the lower areas contain a
higher amount of arsenic concentration than elevated areas as irrigation water could retain
for a longer period in lower elevated land. In that sense, micro elevation can play as an
arsenic accumulating factor into the soil. Arsenic accumulation increases in rice plants if
irrigation water is arsenic contaminated which may transmit to the food chain.

2.3 Impact on human health

Arsenic contamination is considered a global concern as almost 140 million people are
exposed to arsenic-contaminated drinking water (concentration >10 ppb) worldwide (Argos
et al, 2010; Rahman et al.,, 2002). Arsenic exposure through drinking water greater than the
WHO recommended concentration (WHO, 2011) has adverse influences on human health
(Bhattacharya et al.,, 2014). According to the International Agency for Research on Cancer,
arsenic is classified as Group 1 carcinogenic to humans (IARC, 2004). Rather than air and soil,
ingestion by diet is the prime medium of arsenic in humans (Khan et al., 2009; Ourshalimian
et al., 2019). Moreover, chronic ingestion of higher concentration arsenic leads to severe
complexity in the health system. Furthermore, the chemical composition of arsenic holds
significance in this regard. It was found that arsenic (III) is more toxic than Arsenic (V)
(Hughes et al., 2011) and the inorganic form is usually more toxic than the organic form.
Studies confirmed the association of arsenic exposure to the growth factor, signaling, cancer,
metabolism-related diseases, and metabolic syndrome, Tumorigenesis in the skin, kidneys,
bladder, liver, and lungs, kidney failure, adverse reproductive outcomes, skin lesions,
peripheral neuropathy, cardiovascular disease diabetes mellitus, chronic bronchitis and
hematological diseases (Rehman et al., 2020; Ditzel et al., 2016; Shi et al., 2014; Arteel et al,,
2008; Mandal et al,, 2001; Cantor et al., 2006; IARC, 1982). From children to adults, chronic
arsenic consumption via drinking water led to pulmonary disorders along with complications
in the dermatological, cardiovascular, neurological, and reproductive systems (Vahter, 2008,
Argos et al,, 2015; Chen et al.,, 2004; Chen et al,, 2011; Dauphine et al., 2013; Smith et al., 1998;
Sohel et al,, 2010; Vahter et al., 2006; Waserman et al., 2004).

Chronic ingestion of arsenic can cause skin diseases like hyperpigmentation and
hyperkeratosis. (Merian et al, 1981; WHO, 1981) Moreover, due to chronic arsenic
consumption, the Blackfoot disease occurs which causes dry gangrene and sometimes ends
with separating the affected part of the body. (WHO, 1981). "Arsenicosis"- a medical
complication can occur due to long-term exposures to arsenic which is more like to occur in
the skin and some of its symptoms are composed of keratosis, melanosis, and pigmentation
(Rahman et al,, 2009; McCarty et al., 2011). Chronic exposure to arsenic can enhance the risk
of cancer and non-cancerous health hazards (Medina-Pizzali et al., 2018; Sharma et al., 2017).
Some evidence shows that arsenic ingestion has the potential to cause cancer of the liver,
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bladder, and other organs (WHO, 1981; Smith et al., 1992). Prolonged exposure to arsenic
may lead to dermatological, respiratory, cardiovascular, and neurological diseases (Broberg
et al., 2014). Through drinking, consumption of arsenic of 10 to 300pg/L which is labeled as
low to a moderate level, different types of neurological and respiratory complications, skin
lesions, circulatory disorders, diabetes, hepatic and renal dysfunction including mortality due
to chronic diseases occurs (Chen et al., 2009). In different studies, arsenic exposure seems to
have a positive correlation with spontaneous abortion (Borzsonyi et al., 1992; Milton et al,,
2005; Ahmed et al.,, 2001), preterm birth (Ahmed et al., 2001), stillbirth (Borzsonyi et al.,
1992; Milton et al,, 2005; Ahmed et al,, 2001; Hopenhayn-Rich et al., 1992), low birth-weight
(Smith et al,, 1992), and infant mortality (Hopenhayn-Rich et al., 1992),). A low level of
arsenic can have an association with hyperuricemia and gout (Kuo et al,, 2015).

Arsenic exposure may change life-sustaining processes like metabolism, stress, and damage
responses, cell signaling, and growth factor signaling (Bustaffa et al., 2014; Ghosh et al,,
2008). High arsenic exposure may have negative impacts on the cardiovascular system which
can increase morbidity and mortality rate (Navas-Acien et al, 2005; States et al., 2009).
Exposure to arsenic through drinking water is considered to be a cause of excess mortality
due to cardiovascular illness amongst inhabitants in some countries including Taiwan, Chile,
and Japan (WHO, 1981). Arsenic toxicity can target the brain easily (Munday et al., 2013).
Different studies (Rahman et al., 1999; Chen et al., 1995; Yang et al., 2007; Parvez et al., 2010)
have found a connection between long-standing arsenic consumption and hypertension
tendency in humans. Arsenic is responsible for few respiratory diseases including shortness
of breath, chronic cough, blood in sputum, chest sounds, and other breathing issues (Parvez et
al, 2010). Organisms that are exposed to arsenic, experience detrimental effect on the
immune system (Selgrde et al,, 2007; Vahter, 2008).

Bangladesh is a country that is facing a disastrous arsenic hazard in human history (Khan et
al,, 2003). As surface water is unsafe for drinking due to microbial contamination, more than
90% of people of Bangladesh depend on groundwater. In surface water, arsenic is found as
arsenic (v) and groundwater arsenic exists as arsenic (III). Compared to arsenic (v), arsenic
(IIT) is more toxic and it can be easily absorbed through the skin of the human body. In
Bangladesh, the detrimental effects of arsenic on human health were first identified after
1993. The fact that the people affected by arsenic poisoning mainly extract drinking water
from shallow tube wells was established during the late 1990s (Ravenscroft et al.,, 2005;
Smith et al,, 2000; Chowdhury et al., 1999). For drinking and cooking purposes, most people
were directly exposed to the most toxic arsenic (III). In Bangladesh, of a total of 64 districts,
the arsenic level of 53 districts is more than 0.01 mg/1 and 42 districts more than 0.05 mg/1.
(Chowdhury et al., 2000). 29% of tube-wells of 61 districts out of 64 districts of Bangladesh
contain high concentration arsenic (Khan et al.,, 2006). It was estimated that 57 million
natives in Bangladesh consume drinking water having an arsenic concentration of more than
0.01 mg/L (DPHE, 2001). By 1997, several cases of arsenic-induced dermal lesions were
identified in Bangladesh (Smith et al., 2000; Smedley, 2002). According to Chowdhury et al.
(2000) random examination of 11180 people, 2736(24.47%) found having arsenical skin
diseases in 27 districts of Bangladesh with an arsenic level in drinking water above 0.30 mg/1
(Chouwdhury et al., 2000). Disease like diffuse melanosis spotted melanosis, leucomelanosis,
mucus membrane melanosis, diffuse keratosis, spotted keratosis, hyperkeratosis, gangrene,
squamous cell carcinoma, skin, kidney, lung, liver, and bladder cancer were identified in
Bangladesh and West Bengal by several epidemiological studies (Tondel et al., 1999; Mandal
et al., 1996, Saha, 1995; Dhar et al.,, 1997; Mazumder et al.,, 1998). A study in Bangladesh
shows that exposure to arsenic concentration may affect the mental health of individuals (Li
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et al.,, 2013) (e.g., depression). It was found that spontaneous abortion, stillbirth, and neonatal
death are taking place due to the consumption of arsenic concentration up to 1710 pg/L via
drinking. (Milton et al., 2005). Several studies have found that (Juan et al.,, 2001; Haque et al,,
2003; Tondel et al,, 1999), in Bangladesh, intake of high concentration arsenic led to arsenic-
induced skin cancer. Drinking arsenic-contaminated water results in lung cancer (Ferreccio et
al., 2000) as human lungs are highly vulnerable (Ravenscroft et al., 2005; Christodoulidou et
al, 2012; Halim et al., 2009) to arsenic. A study conducted on Faridpur, Nawabgonj, Jessore,
and Narayanganj area suggests that the person exposed to arsenic in drinking water are more
likely to have hypertension with an average crude prevalence ratio of 1.7(Rahman et al,,
1999). Another recent study on the relationship of arsenic exposure and reproductive health
in Faridpur Sadar shows a trivial but statistically significant relationship between birth-defect
and arsenic exposure (Kwok et al., 2006). The average range of arsenic concentration of four
areas (Faridpur, Jessore, Narayangonj, and Nawabgonj) of Bangladesh range from 0.01-2.04
mg/1 with skin lesions prevalence ratio of 30.1/100 in male and 26.5/100 in female (Tondel
et al., 1999). 408 numbers of sampling test of arsenic in Faridpur shows an average
concentration of 0.29 mg/1 with the highest concentration of 1.62 mg/l. In Faridpur, 21% of
the problems of skin diseases was found to be linked with arsenic contamination (Alaim et al,,
2007). An overview of arsenic-induced health effects on the human body is shown in figure-3.

Dermal System Skin lesion

Cardiovascular Systm Blackfoot disease

Proximal tubule degeneration, papillary
and cortical nercosis

Renal System

Arsenic Exposure Nervous System Peripheral neuropathy encephalopathy

Hepatomegaly, cirrhosis, altered heme

Hepatic System

metabolism
Endocrine System Diabetes
Haemotological System Bone marrow depression

Figure-3: An overview of key effects of arsenic on important organ systems of human (Argos
et al,, 2015; Chen et al., 2011; Smith et al., 1998, Sohel et al., 2010; Wasserman et al., 2004;
Ferreccio et al., 2013; Vahter, 2009; Abdul et al., 2015)

2.4 Remedial technologies

Reducing arsenic concentration from drinking water is a tough task for Bangladesh (IARC,
2004). In Bangladesh, sediments containing a comparatively high concentration of oxalate-
extractable iron tended to be areas containing high- arsenic groundwater (BGS, 2001) which
discloses the importance of the role of iron oxides. In the Faridpur district, processes like
aeration, coagulation, and sand- filtration are used to remove a considerable amount of
arsenic by co-precipitation with iron. As arsenic is sorbed to iron oxyhydroxide, arsenic can
be removed partly from water through aeration, flocculation, and flirtation technique. Locally
this process can be utilized by stirring the contaminated water with an alum stick and keep it
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settled overnight which will aid the process of floc formation of iron oxyhydroxide and then
filtering that (Nickson et al., 2000). In Bangladesh, extraction of amorphous iron oxides using
acid ammonium oxalate has been extensively used on sediments (BGS, 2001) since in general
the correlation between Fe and extractable arsenic was found to be good.

Nowadays, green chemistry methods to remove the toxic elements from natural resources in
an eco-friendly and recyclable way are becoming a point of interest. In this regard, the
bioremediation of arsenic is one of the economic and eco-friendly ways to treat arsenic-
contaminated water (Kumar et al., 2020). Like phosphorus, arsenic is simply taken up by
many plants (Tu and Ma, 2003). According to different recent studies, arsenic can be
remediated using phytoremediation (Allen, 2001; Forstner 1998; Bhattacharya et al.,, 2007),
bacteria (Takeuchi et al,, 2007; Liu et al., 2011; Routh et al,, 2007; Dey et al., 2016), Algae
(Becker, 1985; Baar et al.,, 2013; Wang et al., 2013), Fungi, and Yeast (Chen et al., 2007;
Mukharijee et al., 2010) in an eco-friendly way.

3 Materials and Methods

3.1 Study area

Faridpur Sadar is an Upazila under the Faridpur district and is located in the central part of
Bangladesh (Figure-4). The total area is about 10.44 sq. km. A river named Kumar runs
alongside the Upazila. The Upazila lies between 23029’ and 23°34’ North latitudes and 89043’
and 89056’ East longitudes. The total population of the study area is 469410 with a
population density of 1137 per sq. km (BBO, 2013). At present, arsenic contamination and the
presence of iron, salinity, and manganese in groundwater along with lowering of the water
table and dearth of a suitable aquifer are major problems that are responsible for potable
water scarcity over the area.

N

A
~ A

Bangladesh Faridpur District \

Faridpur Sadar Upazila

Figure-4. Map of the study area (Faridpur Sadar Upazila)

3.2 Sample Collection, testing, and calculation of Water Quality Index

For sample collection, tube wells of 300-400m depth were chosen for the abstraction of
groundwater and testing. A total of eight sampling points was selected (Figure-5) and from
each point, four samples were collected during the post-monsoon period (November 2017).
Samples were collected after flushing water from the bore hand pump for five minutes. Dried
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sample bottles which were washed with distilled water were used for storing the samples.
For the WQI calculation, nine parameters were chosen, which are: arsenic, pH, temperature,
turbidity, dissolved oxygen (DO), nitrate, total dissolved solids (TDS), iron, and biological
oxygen demand (BOD) (Khan and Tahsin, 2020). All the parameters were tested at the
laboratory within 48-72 hours of the sample collection using standard procedures (204)
except for temperature using mercury thermometer and pH with Wagtech field test kit. While
collecting, the geographic location of the sampling points was recorded using a portable
global positioning system (GPS) meter. The geographical location of the sampling points and
their names are tabulated in table-1 and the arithmetic average of the four samples from each
sampling points are shown in table-2.
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Figure-5: Location of the sampling points

Table-1: Geographical position and names of the sampling points

Location Latitude Longitude Sample Name
Faridpur Dhaka highway 23.598094 89.790735 S1
Faridpur vanga highway 23.593173 89.830853 S2
Faridpur chowdhury bari 23.596809 89.829397 S3
Faridpur Ambika Road 23.598832 89.83297 S4
Faridpur Tepakhola 23.610315 89.857498 S5
Faridpur municipal water supply 23.592767 89.816582 Sé
Goalchamot near bus stand 23.599045 89.828608 S7
Knaipur Bazar 23.539072 89.769213 S8

Source: Field study

Table- 2: Estimated concentration of parameters in the sampling points

Sample pH Turbidity Nitrate Temp DO TDS Iron Arsenic BOD
Name (NTU) (mg/L) (°C) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
S1 7.47 6.54 0 23 1.3 477 1.1 0 0.5

S2 7.43 7.28 0 24.63  1.77 696 0.7 0.06 0.6

S3 7.2 6.45 0 23.67 1.4 712 0.9 0 0.17
S4 7.33 7.46 0 23.58 1.33 557 0.7 0.07 0.3

S5 7.39 1.41 0 24.33 1.37 462 0.2 0.03 0.2

S6 7.41 9.83 0 25.1 1.8 724 0.3 0.01 0.43
S7 7.09 12.4 0 25.3 1.63 941 0.6 0.02 0.6

S8 7.32 6.34 0 24.9 1.92 802 1.2 0 0.4

Source: Primary data
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Considering these input parameters, the water quality index was calculated using the
weighted arithmetic water quality index method which is widely applied for evaluation of
water quality and till now the most successful attempt (Brown et al., 1972). Applying this
method, the index was calculated and the obtained values illustrate the current state of the
WAQI of the study area (table-3). The calculation procedure is elaborately described in Khan
and Tahsin, 2020 (Khan and Tahsin, 2020). Here, the weightage of parameters was assumed
to be inversely proportional to the recommended standard value of the corresponding
parameter. For example, the permissible range of Arsenic was the lowest which was 0-0.05
mg/1 whereas for TDS it was 0-1000 mg/1 which is the highest among all the parameters. For
this reason, the weightage of arsenic (0.754186) was the highest while TDS had the lowest
weightage (0.000038). For determining the permissible range ECR, 1997 was followed
(Standard, 1997). The obtained value of the weightage of the parameters is shown in table-4.

Table- 3: Current WQI of the study area

Location Sample WQI Remarks Category
Name

Faridpur Dhaka highway S1 52.68 C Poor water quality

Faridpur Vanga highway S2 151.11 E Unsuitable for drinking
purpose

Faridpur Chowdhury bari S3 20.74 A Excellent water quality

Faridpur Ambika Road s4 137.90 E Unsuitable —for  drinking
purpose

Faridpur Tepakhola S5 66.05 C Poor water quality

Faridpur municipal water supply S6 58.25 C Poor water quality

Goalchamot near bus stand S7 90.51 D Very Poor water quality

Source: Khan and Tahsin, 2020

Table- 4. Unit Weight assigned to input parameters

Parameter Weightage (Wi)
Arsenic 0.754186
BOD 0.188547
Iron 0.037709
DO 0.006285
pH 0.004436
Turbidity 0.003771
Nitrate 0.003771
Temp 0.001257
TDS 0.000038

Source: Khan and Tahsin, 2020

3.3 Generation of Scenarios

The impact of arsenic on overall WQI was studied by generating two synthetic scenarios
(Scenario 1 and 2). Scenarios were generated by varying the concentration of arsenic from
the present condition. In these scenarios, the concentration of other input parameters was
kept the same as the present condition to observe the sole impact of arsenic on water quality.
The description of the scenarios is listed in table-5.

Table-5: Description of the scenarios

Scenario Name State of concentration of arsenic in drinking
water

Present Condition Similar to present condition

Scenario-1 50% reduction from present condition

Scenario-2 No arsenic in the area

Source: Contemplation for the purpose of the study
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4. Result and discussion

The current condition of the water quality parameters and overall water quality index (WQI)
of the study area can be perceived from table-2 and table-3 respectively. As illustrated in
table-5, when the scenarios were introduced in the sampling points, the corresponding WQI
oscillated. The fluctuation of WQI with the reduction of arsenic concentration from the
present situation is illustrated in figure-6. Here, for samples S1, S3, and S8, no change in WQI
is seen in scenario-1 and scenario-2 as there is no arsenic in that area. For, sample S2, with an
arsenic concentration of 0.06mg/l, the present WQI was of category E (unsuitable for
drinking purpose) and the value of the index was 151.11. In scenario-1, 50% reduction of
arsenic concentration from present condition, no change was observed in the category but
the value of index became 105.85. While, in scenario-2, no arsenic in the sample was
considered, the WQI rose to category C (poor water quality) with an index value of 60.60.
Similarly, for sample S6, the present WQI was of category C (poor water quality) with an
arsenic concentration of 0.01mg/l. In scenario-1 the value of the index became 50.70 without
changing the category. In scenario-2, the WQI rose to category B (good water quality) with an
index value of 43.16. For sample S7 similar occurrence was observed, where arsenic
concentration was 0.02mg/l. Here, the index value of the water quality became 75.42 from
90.51 for scenario-1. In scenario-2, the WQI rose to category C (poor water quality) from
category D.

In case of sample S4, the present water quality was of category E (unsuitable for drinking
purpose) with the highest arsenic concentration of 0.07 mg/l. While arsenic concentration
reduced to 50% of present arsenic concentration in scenario-1, the index rose to category D
(very poor water quality). In scenario-2, when the absence of arsenic was considered, the
WQI rose to B (good water quality). The WQI of sample S5 was found to be of category C
(poor water quality) with an arsenic concentration of .03mg/1. The index rose to category B
(good water quality) in scenario-1. In scenario-2, which represents no arsenic in that area, the
WQI changed into category A (Excellent water quality). Observing the fluctuation of the WQI
in different scenarios, it was found that samples having higher arsenic content resulted in a
lower water quality index. At the same time, the fluctuation of WQI in different scenarios was
found to be maximum where arsenic concentration was highest. This has occurred because of
the highest value of weightage in the arsenic parameter. Therefore, a reduction of arsenic
value increases the quality of water significantly.
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Figure-6. Fluctuations of WQI in different scenarios
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5. Conclusion:

The high concentration of arsenic in groundwater has introduced a new challenge of survival
to the human race. The pervasive toxicity of arsenic has insinuated in natural as well as the
human system. From the review, it can be deduced that, originating from the Himalayan,
arsenic entered the aquifer of Bangladesh by sedimentary processes. The characteristics of
sediment in Bangladesh make it an ideal host of arsenic and under a reductive chemical
environment, it enters into groundwater. Biodegradation of organic matter and reductive
dissolution of iron oxyhydroxide are the two dominant mechanisms that release arsenic into
aquifers. While the aquifer aids in the high concentration of arsenic in groundwater, different
anthropogenic activities also contribute to this phenomenon. Widespread use of chemical
fertilizer and insecticides, expansion of mining, use of coal in a power plant is identified to be
the leading contributors to arsenic contamination. Furthermore, overexploitation of shallow
aquifers is increasing the contamination of arsenic in deep aquifers. Eventually, from the
ingestion of arsenic-containing groundwater and plants, human health is being vulnerable to
several life-threatening diseases. People of arsenic-contaminated regions pose a serious
health crisis due to this toxic metalloid. The experimental study on Faridpur Sadar Upazila
revealed that alone arsenic pollutants can deteriorate the water quality index. More studies
are needed giving special attention to the micro regions in order to find zone specific
mobilization process, quantification of its impact on human system and water quality along
with finding more user-friendly and green mitigation strategies so that the water quality may
ameliorate. Moreover, this study aspires that, the findings may draw attention among the
people of the arsenic-contaminated region about the role of arsenic concentration in water
quality as well as in human health.
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