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ABSTRACT: Groundwater plays a pivotal role as the largest potable water sources in
Bangladesh. As agriculture is widely practiced in Bangladesh, potential nitrate (NO3 )
pollution may occur. Besides, excess amount of arsenic (As) has already been found in
groundwater in many parts of Bangladesh including the present study area. Thus, this
study was conducted to assess the NOs; status along with some trace metals and
associated human health risk in the Central Bangladesh. A total of 99 groundwater
samples were analyzed to assess human health risk due to high level of NO; and other
trace elements i.e. arsenic (As), iron (Fe), and manganese (Mn). Concentration of NO3
was determined using column chromatography and inductively coupled plasma optical
emission spectrometer (ICP-OES) was used to measure As, Fe and Mn concentrations. It
was found that the mean concentration of NOs 253.17 (mg/L) in the groundwater
samples exceeds the recommended guideline value by the WHO (50 mg/L). Moreover,
this study area also characterized with elevated concentration of As (19.44 ug/L), Fe
(811.35 pg/L), and Mn (455.18 pg/L) in the groundwater. Non-carcinogenic human
health risk was calculated by justifying HQ (Hazard Quotient) and HI (Hazard Index) and
attributed potential conjunctive human health risks due to NOs , As, Fe and Mn in the
study area. Child (9.941) is more vulnerable than adult (7.810) considering non-
carcinogenic human health risk. Moreover, high carcinogenic risk was found due to As
contamination in the groundwater samples and children (1.94x10-) are more susceptible
to carcinogenic risk compared to adults (9.2x10%).
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INTRODUCTION

Access to clean drinking water which is the
number six of sustainable development
goal (SDG) is becoming harder in densely
populated countries like Bangladesh.
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Groundwater in Bangladesh is the major
drinking water sources which can be
considered no longer safe due to its quality
degradation by anthropogenic activities
over the time. In coastal and south-central
part of Bangladesh, salinity is a major
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problem in the groundwater (Rahman et
al., 2017), where in many other districts’
groundwater is laden with different types
of trace elements. The presence of trace
elements such as arsenic (As), iron (Fe),
manganese (Mn) and nitrate (NOz") in
ground water is predominantly influenced
by natural and anthropogenic sources
(Sharma et al., 2014, Rahman et al., 2016).

Nitrate is an essential plant nutrient
(Messier et al., 2019). It is one of the main
pollutants in  agriculturally  impacted
groundwater systems (Wild et al., 2018) and
another major environmental pollution
stressor (Tavakoly et al., 2019) that has
stimulated significant research interest
(Huno et al., 2018). Agricultural land use
affects groundwater quality from two points
of view: salinization is one of the major
concerns within irrigated areas, especially in
arid regions (Nasrabadi and Maedeh, 2013).
Leaching of nitrate from animal wastes and
fertilizers at agricultural operations can
result in nitrate  contamination  of
groundwater, lakes, and streams (Bourke et
al., 2019). The source of nitrate (NOz ) in
groundwater includes surface leaching from
wastewater and waste dump sites, animal
excreta disposal, industrial effluents (Ahada
and Suthar, 2018; Taufigq et al., 2019),
population growth (Taufig et al., 2019),
poor sewerage, human excreta leakage from
septic tanks (Ahamad et al., 2018), poorly
maintained disposal of solid waste locally,
N-based fertilizers from agricultural
activities,  wastewater irrigation  and
irrigation runoff (Ahada and Suthar, 2018;
Ahamad et al., 2018).

Nitrate concentrations exceeding the 50
mg/L limit established for drinking water
pose the human health at risk (Biddau et
al., 2019). High nitrate concentrations were
found in groundwater both within the
wastewater treatment plant site and
surrounding  market  garden  farms
(maximum of 99 mg/L and 78 mg/L
nitrate as N, respectively) (Adebowale et
al., 2019). Moreover, in many developing
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countries nitrate concentrations up to 250
mg L' in groundwater have been reported
(Ahada and Suthar, 2018; Ahamad et al.,
2018; Marques Arsénio et al., 2018;
Qasemi et al., 2018; Wagh et al., 2019;
Zhang et al., 2018) due to the widespread
use of latrines and septic tanks that allow
for constant infiltration of its content into
the soil and eventually to groundwater
sources (Marques Arsénio et al., 2018) as
well as intensive agriculture activities.
Groundwater ~ hazard  assessments
involve many activities dealing with the
impacts of pollution on groundwater, such
as human health studies and environment
modelling.  Nitrate contamination is
considered a hazard to human health,
environment and ecosystem (Rizeei et al.,
2018). Ingestion of nitrate can lead to the
endogenous  formation of  N-nitroso-
compounds, which are known human
carcinogens (Messier et al., 2019). Long
term consumption of excessive NOsz can
create cancer risk on human body due to
formation of nitrosomines (Pannala et al.,
2003). It has also been known to create
spontaneous absorptions, birth defects,
respiratory tract infections and changes in
immune system (Lohumi et al., 2004;
Fewtrell et al., 2004; Greer and Shannon,
2005; Ward et al., 2005; Rachid et al.,
2006; Ma et al., 2007). Subsequently,
health  risk  assessment of these
contaminants for predicting the health
hazard is very important. According to
United Greer and Shannon States
Environment Protection Agency (USEPA),
human health risk assessment (HHRA) is
the process of estimating the nature and
probability of adverse health effects in
humans who may be susceptible to
chemicals in contaminated environmental
media, now or soon (Momot et al., 2005).
Nitrate associated HHRA for both adult
and children has been calculated in many
studies (Ahada and Suthar, 2018; Li et al.,
2019; Paladino et al., 2018; Wagh et al.,
2019). Mostly four steps must be followed
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to fulfill the health risk assessment e.g.
identification of hazard, dose-response
relationship, exposure assessment as well
as risk characterization (Wu et al., 2010).
Thus, human health risk assessment is an
effective way to justify health risk levels
posed by various contaminants (Bortey-
Sam et al., 2015).

HHRA study of trace elements present
in the groundwater is very limited numbers
in the central Bangladesh. Previously,
Ahmed et al. (2018) reported that the
groundwater in Sylhet, south-eastern part
of Bangladesh exceeds the allowable limits
of Fe, Mn and As concentrations. Arsenic
is considered as a dangerous contaminant
with adverse effects on human health. It is
also highly restricted by international
environmental standards (Mehrdadi, et al.,
2019.  However, relatively  higher
concentration of Fe and Mn were found in
deep water samples and reverse trend was
found in case of As. Rahman et al. (2017)
reported HHRA of groundwater used in
Gopalganj district (Rahman et al., 2017),
Joseph et al. on arsenic exposure for
Bangladeshi adults (Joseph et al., 2015).
Rahman et al. (2016) reported the status of
As contamination in Singair Upazila,
Manikganj District and geogenic factors
were found to be the major sources of As
in the groundwater in that area (Rahman et
al., 2016). A study in Iran shows that, the
concentration of arsenic increases from
upstream areas towards the downstream
estuarine zone with a substantial rise in the
central part (Nasrabadi, et. al., 2015;
Nasrabadi, et. al., 2013). Considering the
above-mentioned factors, we hypothesized
that the level of contaminants existing in
the groundwater such as NOs and trace
metals might be higher than acceptable
level and could be major risk factor for
human health. Therefore, the aim of this
study was to determine the level of NO3
along with As, Fe and Mn in groundwater
and to evaluate the health risk associated
with exposure to these contaminants via
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oral ingestion route. This research may be
the first attempt for assessing the health
risk associated with NOs and trace metals
in the groundwater of central Bangladesh.

MATERIALS AND METHODS

The study area of Singair, Manikgonj
district is located in the central part of
Bangladesh. Geographically it lies between
23.8167° N and 90.1500° E longitudes
(Fig. 1). The total area of the district is
217.38 km? with the population of 231,628
(BBS 2011). The study area is mainly
surrounded by Kaliganga and Dhaleshwari
river floodplain. The Dhaleswari is the
main river, which is bounded with the
north and east portion of the study area and
Kaliganga River flows in the southern part.
The study area lies in the tropical monsoon
climatic zone, which is subjected to
tropical climate and is characterized by the
moderate to high temperature (34.5°C),
heavy rainfall and often with excessive
humidity. Maximum rainfall occurs during
May to October in summer. Climate is one
of the most important factors for the
occurrence and movement of groundwater.

Topographically, the study area is flat.
The geology of the study area can be
attributed to Quaternary alluvial sequence,
which is a part of Ganges — Jamuna flood
plain. The north and western part of the
area is covered by the Pleistocene
sediments, which are known as Madhupur
clay. In general, the stratigraphic sequence
is fining upward sequence i.e. from gravels
to cobbles, pebbles, sand and finally silts
and clays; micas are abundance in whole
sequence in  Pliocene-  Pleistocene-
Holocene time (Islam et al. 2018).

Total 99 groundwater samples were
collected from different depth depending on
the tube-well bore depth (m) in the central
Bangladesh (Figure 1). Sampling time was
August 2011 and analyses were performed
within 1 month from the sampling time.
Before taking the sample, the tube-well was
pumped for around 10 minutes. All the
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collected samples were stored in 250 ml
polypropylene plastic bottles with (for trace
metal)/without (NOs ) acidification by 2
drops of concentrated HNO3 to prevent any
precipitations. The inductively coupled
plasma (ICP-OES) optical emission
spectrometer was used (SII NanoTechnology
inc.) for the determination of As, Fe, and Mn
as depicted elsewhere (Rahman et al., 2016).

In the trace metal analysis the quality
control was maintained in all cases through
strictly following the instruction manuals
and the method precision was more than
95% in confidence interval. The methods

were recalibrated after running 15 samples
and all analyses were performed at least in
triplicate to ensure data precision. Overall
data reproducibility for nitare was within
+10% error levels. Nitrate (NOsz ) was
determined by chromatography method
(DX-120, Dionex, USA) using the columns
“Ion Pac AS12A” (Dionex, Abbreviation
of state, USA). Samples were filtered with
glass fiber filters with 0.45 uM pore. All
the samples were analyzed triplicate for
ensuring reproducibility and statistical
validity. Statistical analysis was done by
MS-excel 2007.
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Fig. 1. Map of the study area, singair, Manikganj.

Risk assessment is the process of
estimating the occurrence probability of
any given magnitude of adverse health
effects over a specified time period
(Bortey-Sam et al., 2015). The health risk
assessment of each element is based on
evaluation of the risk level and is expressed
in terms of a carcinogenic or non-
carcinogenic health risk (USEPA, 2009).
Slope factor (SF) for carcinogen risk
characterization and the reference dose
(RfD) for non-carcinogen risk
characterization were also evaluated (Lim
et al., 2008). Oral ingestion pathway was

256

considered for the study (Ning et al.,
2011). Below equation was adopted to
calculate the chronic daily intake for oral
and dermal adsorption pathways (Giri and
Singh, 2015; Wongsasuluk et al., 2013;
USEPA, 1989; USEPA, 1993; ECETOC,
2001).

ol - (CW x IRx EF x ED)
oral (BW x AT)

Here, CDI Chronic daily intake
(ug/Kg/day) CW = Concentration of trace
metal in water (ug/L), IR = Ingestion rate
(L/day; 2.2 for adult 1 for Child), EF =

(1)
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Exposure frequency (Days/year, 365), ED
= Exposure duration [Year; for oreal = 70
for Adult, 10 for Child], BW = Body
weight (Kg; 70 kg for Adult, 25 kg for
Child), AT = Average time (Days; 25,550
for Adult, 3650 for Child) (USEPA, 2009;
USEPA, 1993; ECETOC, 2001; USEPA,
2001; USEPA, 1999; Weyer et al., 2001,
Kavcar et al., 2009).

The health risk due to groundwater
consumption was justified on the basis of
chronic (noncarcinogenic) and carcinogenic
effects. The noncarcinogenic risk was
calculated as Hazard quotient (HQ) by the
following equation-

CDI

HQ=—"

RfD @)

Where HQ is hazard quotient (unitless) and
RfD (ug/Kg/day) originates from risk-
based concentration table (USEPA, 1993).
For elemental risk assessment, the
individual HQs are combined to form
Hazard Index (HI). If the value of HQ and
HI exceeds 1, there could be potential
noncarcinogenic effects on health while HlI
less than 1 indicates the no risk of health
effects (ECETOC, 2001; USEPA, 2001).

HI = HQ, + HQ, +......+ HQ, (3

The carcinogenic risk was measured
from the calculation of CDloral (Mg/kg/day)
and Slope Factor (SF) (mg/kg/day)™ and a
range of characterization has been provided
in Table 1 chronic and cancer risk
assessment (Kundu et al., 2008).

Table 1. Scales for chronic and carcinogenic risk assessment (USEPA, 1999; Bortey-Sam et al., 2015).

Risk level HQ or HI Chronic risk Calculated cases of cancer occurrence Cancer risk
1 <0.1 Negligible < 1 per 1000,000 inhabitants (10-) Very low
> 1 per 1000,000 inhabitants (10°6)
2 >0.1<1 Low . . Low
- < 1 per 100,000 inhabitants(10-°)
. > 1 per 100,000 inhabitants (107) .
3 >1<4 Medium . . Medium
- < 1 per 10,000 inhabitants(10%)
. > 1 per 10,000 inhabitants ( 10 .
4 >4 High . . High
= g < 1 per 1000 inhabitants (107%) g
5 > 1 per 1000 inhabitants (10-%) Very high
Table 2. Descriptive Statistical Analysis of the groundwater quality data (n=99).
- Bangladesh Indian standards (2012)
Parameters ~ Minimum  Maximum  Mean S_t d'_ Coefﬂ.ment Standard Acceptable  Permissible wHo
Deviation of variance N o (2011)
(1997) Limit Limit
We'(ln?)epth 1067 823 2432 11825 48617
As (ug/L) BDL 113 19.444 24.756 127.319 50 10 50 10
No
Fe (ug/L) BDL 19296 811.35 27471.7 338.651 300-1000 300 No relaxation proposed
value
Mn (ug/L) 54 2716 45518 394.12 86.585 100 100 300 500
NO, - BDL 708.11 25318 16838 66.674 10 45 No relaxation 50
(mg/L)
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Fig. 2. Depth wise water analysis. Dotted line representing recommended/limit value and the red dotted box
refers the clusters of sampling points exceeding limit value for each of the parameters limited to 40 m depth.

RESULTS

The average depth wise results of 99
ground water samples for As, Fe, Mn and
NO3  are provided in Table 1. The mean
concentrations of As, Fe, Mn and NOs-
were also compared in Table 2 with the
BDWS (1997), Indian Standards (2012)
and WHO (2011). Statistical analysis from
Table 2  represented that mean
concentration of NO3 (253.175 mg/L)
exceeded the standard concentration of
Bangladesh Drinking Water Standard
(BDWS 1997), India (2012) and WHO
(2011). Again, the mean concentration of
Mn (455.181 pg/L) was found to be greater
than BDWS (1997) and Indian Standards
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(2012) but lesser than WHO (2011).
Though the mean concentration for Fe
(811.253 pg/L) was within the range of
BDWS (1997), it crossed the parameters
standardized by India (2012) and WHO
(2011). The mean concentration of As
(19.444 ug/L) did not exceed the limit for
BDWS (1997) and permissible limit of
Indian Standards (2012) but break the
concentration limit given by acceptable
limit of Indian Standards (2012) and WHO
(2011).

Elemental depth wise distribution was
also illustrated in terms of depth (m) vs.
elemental concentrations (pg/L) [Figure
2(a-d)]. Figure 2d suggested that
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approximately 87.89% of groundwater
samples exceeded all the standard limit
values of NO3 in the depth range between
10m-40m. Figure 2c, 2a and 2b also

showed that approximately 21.21% ground
water sample for Mn, 13.13% for As and
2.02% for Fe crossed the standard limit
values in the same depth range.

Table 3. Summary of HQ and HI of As, Fe, Mn and NOs and Carcinogenic risk of Arsenic for oral
ingestion in groundwater samples (average of 99 groundwater samples)

Hazard Non-
Health Risk Inhabitants HQforAs HQforFe HQforMn HQforNOs  index  Carcinogenic
(HD Risk
. L Adult 2.037 0.085 0.715 4973 7.810 High
Non-carcinogenicfisk g 2.593 0108 0910 6.329 9.941 High
Carcinogenic risk (CR) of As CarcFl?igEenlc
Carcinogenic risk Adult 9.2x10* High
Child 1.17x10°3 Very High
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Fig. 3. Hazard Quotient (HQ) oral ingestion pathway for As, Fe, Mn and NOs . Water sample
identification number and HQ are plotted in X and Y axis respectively.
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Fig. 4. Hazard Index (HI) for oral ingestion pathway for children and adults in the study area.

259



Rahman, M. M., et al.

Above described table 2 and table 3
already have shown that the groundwater of
this area is polluted with nitrates and trace
metals. To evaluate the impact on human
health related to this pollution, establishing
Hazard Quotient (HQ) with related Hazard
index (HI) is an important tool to calculate
non-carcinogenic health risk. In this study,
HQ and HI of As, Fe, Mn and NOs for 99
ground water samples are illustrated in
Figure 2 and 3. Considering average of
these elements, both oral as well as dermal
adsorption risks were identified in terms of
non-carcinogenic risk measurement for both
child and adult generation (Table 3). Oral
ingestion pathway for adult and child
showed high HQ level in As, Fe, Mn and
NO3 . Considering oral ingestion of As, Fe,
Mn and NOs, HQ values for adults were
2.037, 0.085, 0.715 and 4.973; whereas, HQ
values for child were 4.321, 0.180, 1.517
and 10.549, respectively. The following
order was found in respect of HQ for adults
in oral ingestion NOs>As>Mn>Fe. For
child the order was NOs>As>Mn>Fe in oral
ingestion. HI calculation also done for adult
and child. For adult, about 75.76% samples
showed high non-carcinogenic risk while

19.19% samples showed medium non-
carcinogenic risk. For child, about 83.84%
samples showed high non-carcinogenic risk
while 11.11% samples showed medium
non-carcinogenic  risk. Low  non-
carcinogenic health effect (5.05% samples)
was shown in both adult and child. Average
hazard index result for adult and child also
placed in Table 3. Results showed that both
adult (HI=7.810) and child (HI=9.941)
showed high non-carcinogenic risk effect.

Cancer risk on adult and child due to As
for both oral ingestion pathway was
illustrated in Figure 4 and 5 and the
calculated result placed in Table 3.
Considering oral ingestion pathway, high
(9.2x10% and very high (1.94x10%)
carcinogenic risk was justified for adult
and child respectively. Out of 99 samples
for adult, 39.39% samples exhibited very
high carcinogenic risk and 12.12% samples
showed high carcinogenic risk. Moreover,
for children, 42.42% samples possessed
very high carcinogenic risk while 9.09%
samples showed high carcinogenic risk.
For both adult and children about 48.48%
samples seemed to be not harmful.

Cancer risk of Arsenic for oral ingestion pathway

Cancer risk value (unitless)
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Fig. 5. Cancer Risk (HI) for oral ingestion pathway for children and adults in the study area.
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DISCUSSION

In groundwater management, the hazard
should be assessed before any action can be
taken, particularly for groundwater pollution
and water quality. Thus, pollution due to the
presence of nitrate poses considerable hazard
to drinking water, and excessive nutrient
loads deteriorate the ecosystem (Rizeei et al.,
2018). The possible health hazards of high
nitrate intake were estimated using USEPA
human health risk assessment (HHRA)
model for both adult and children. Results of
this study suggested the chronic daily intake
(CDI) in the ranges of 1.09-5.65 and 2.56—
13.20 in adult and children population of this
region, respectively. The hazard quotient
(HQuitrate) Value was > 1 in most sampling
locations ranging 1.09-5.65 for the adult and
2.56-13.20 for children population of Malwa
(Ahada and Suthar, 2018). Consumption of
high NOs containing water may pose
serious health hazard especially in children
(< 5 years) (Ahada and Suthar, 2018). In
general, shallow unconfined aquifer is more
vulnerable to NOs  contamination compared
to the deep confined aquifer because
denitrification partly occurs in deep anoxic
aquifer and this led attenuation of NOs
pollution in groundwater flowing (Taufiq et
al., 2019). The availability and reactivity of
electron donors control the prevalent redox
conditions in aquifers and past nitrate
contamination of groundwater can be
ameliorated if denitrification occurs (Wild et
al., 2018).

Water quality parameters reflect the level
of contamination in water resources. In this
study, the quality of groundwater in terms of
nitrate (NOz ), arsenic (As), iron (Fe) and
manganese (Mn) varied drastically among
different sampling sites in  central
Bangladesh. The results have shown that the
mean value of NOs (253.175 png/L)
exceeded Bangladesh standard (BDWS,
1997), Indian Standards (2012) and WHO
standard (2011) (Table 2). Both the geogenic
and anthropogenic sources can be the
contributor of elevated level of NOz in
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groundwater of the study area e.g.
application of nitrogenous fertilizer or
manure  slurries in  agriculture  and
aquaculture, poor soil profile, and irrigation
mechanisms. Relatively little of the NOs
found in natural waters is of mineral origin,
most coming from organic and inorganic
sources, the former including waste
discharges and the latter comprising chiefly
artificial fertilizers. The higher occurrence of
NOz in shallow depth groundwater was
likely due to anthropogenic activities e.g.
excessive use of agrochemicals and
unmanaged irrigation system that could
cause microbial mineralization in the ground
water (Sharma et al., 2014). Alongside,
anthropogenic  activities like  sewage
effluents, unsewered sanitation, and
unplanned disposal of solid waste in densely
populated areas may also leached NO3 into
groundwater. In Maputo, the capital of
Mozambique, nitrate concentrations above
250 mg L' in groundwater have been
reported. This happens due to the widespread
use of latrines and septic tanks that allow for
constant infiltration of its content into the soil
and eventually to groundwater sources
(Marques Arsénio et al., 2018). In addition,
manure represents one of the main nitrate
sources in groundwater from agriculture, the
other being synthetic fertilizers (Martinelli et
al., 2018).

Nitrogenous fertilizers rapidly convert
into NOz in soils, are highly soluble and
hence easily leachable to deep soil layers
and ultimately enter into shallow aquifers
(Kundu et al., 2008a). For instance, sandy
or sandy clay soil with high coarse texture
have high water filtration rate and possibly
contributing in  nitrate  leaching to
underground waters (Suthara et al., 2014).
Moreover, extensive agricultural practices
in the study area may contribute in NOz
leaching in aquifers of this area (Zhai et al.,
2017). Similar NOs concentration increase
over the acceptable limit was reported by
Majumder et al. (2008)in shallow
groundwater of central-west region of
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Bangladesh. This excess NO3z
contamination in drinking water can cause
increased cancer risk (Suthara et al., 2009;
Shukla and Saxena, 2018) as well as various
health risks such as methemoglobinemia,
diabetes, etc. on humans and to some extent
on livestock populations as well (Shukla
and Saxena, 2018).

Although, NOs itself is not a direct
toxicant but is a health hazard because of
its conversion to nitrite. Nitrate itself is not
harmful, but in human gastrointestinal tract
it can be endogenously reduced to toxic
nitrite through nitrosation in the stomach
with amines and amides to form various
types of N-nitroso compounds (NOCs)
[(Qasemi et al., 2018) and the references
there in]. The results of this study thus
indicate that groundwater from the 10 m to
40 m depth in the study area is severely
polluted with NO3 . Furthermore, the HQ
and HI value of NOsz implicated for
potential non-carcinogenic health risk in
the study area both for adult and for
children (Table 3 and Figure 3). Dellavalle
et al. (2014) suggested that high dietary
nitrate intake expected to have higher
exposure to endogenously formed NOCs
and increases risk of colorectal cancer.
Moreover, our result has been shown that
children health risk due to increased NO3z
concentration in drinking water is higher
than that of adults. Similar results were
reported by Zhai et al. (2017) in China,
Iran (Qasemi et al., 2018), and India
(Wagh et al., 2019)

The study area is also characterized with
elevated levels of trace metals (As, Fe, and
Mn) in the groundwater. The mean
concentration of all three metals is exceeds
the limit of WHO standards (2011). The
major potential sources of these trace
metals are geogenic (Rahman et al., 2016;
Das et al., 2009). The mean value of
arsenic (19.44 pg/L) lies within the range
of BDWS (1997) standard and permissible
limit of Indian Standards (2012) but
exceeded the concentration limit given by
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acceptable limit of WHO standard (2011).
This occurrence of As, Mn and Fe in the
shallow depth water might be attributed to
the geogenic formation of the Bengal Basin
(Rahman et al., 2016) as well as from
anthropogenic activities (Kundu et al.
2008). Arsenic in  groundwater s
associated with skin damage, increased risk
of cancer, and problems with circulatory
system (Bodek et al., 1988). This study
shows that carcinogenic risk of arsenic for
oral ingestion from groundwater sample is
high for child than the adults. Similar high
carcinogenic risk for adult and child were
also found by Rahman et al. (2017) in
ground water samples of Gopalganj of
Bangladesh, which is located southern side
of our sampling area. Moreover, Chen et
al. (2011) reported that exposure to arsenic
in drinking water is adversely associated
with mortality from heart disease. Skin
lesions caused by As contaminated
drinking water have already been reported
among adults and children in Bangladesh
(Das et al., 2009). However, Sohel et al.
(2009) stated that increased risks at low
level exposure of As (50-149 pg/L) were
observed for death due to cancers,
cardiovascular disease, and infectious
diseases in Bangladesh. However, the HQ
for Fe (children; 0.108) and Mn (children;
0.910) are relatively very lower compared
to NOs and As in the study area. Though
the mean concentration of Fe and Mn is
quite high but the calculated HQ is within
the safe limit for both adult and children in
the study area. Thus the study shows that
the shallow aquifer groundwater of central
is polluted by NOs and As with
substantial human health risk.

CONCLUSION

The outcome of the study depicts the human
health risk of NOz and As by analyzing 99
ground water samples from the Central
Bangladesh. The elevated occurrence of
NOz and As is predominant within the 10 to
40 m depth zone of tubewell. Furthermore,
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HQ values of NOz and As are the dominant
contributors in HI for the non-carcinogenic
health risk for both adults and children.
Additionally, carcinogenic risk due to As is
also high in the study area. However, the Mn
and Fe possess lower HI compared to NO3
and As. Finally, the shallow tube-well is not
safe for drinking water collection in the study
area. However, further study warrants
considering wider area with spatial and
temporal variability to predict health risk
more precisely including the human level
direct detection of the NOsz and As.
Moreover, it is immensely important to
regulate the use of nitrogen complex
fertilizer, cattle manure, household waste
management, landfill leachate, septic tanks
for proper groundwater —management
practices to prevent the associated risks to
human health.
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