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Abstract

The present study was aimed at assessing the concentration
of Arsenic (As) in groundwater and paddy soil of the Trans
Indo-Gangetic Plain (TIGP) of India. Total arsenic in
groundwater and soil was determined by Inductively
Coupled Plasma-Mass Spectrometry (ICP-MS), and
Inductively Coupled Plasma-Atomic Emission
Spectroscopy (ICP-AES), respectively. The results revealed
that approximately, 33% of the groundwater samples had
arsenic (As) concentrations greater than the maximum
permissible limit (10 pg As L") set by the World Health
Organization (WHO). In paddy soil samples, 33% of the
samples had As concentrations greater than the maximum
acceptable limit for agricultural soil (20 mg As kg”)
recommended by the European Community (EC). Arsenic
concentration in groundwater was significantly and
moderately correlated with As concentrations in paddy soil
in TIGP region. Thus, groundwater and paddy soil of TIGP
region can be the potential source of As in the paddy crops
grown on these fields. Proper mitigation steps should be
implemented in those regions where As concentrations in
groundwaterand soil of TIGP are higherthan thesafe limit.

Introduction:

Arsenic (As) is a toxic metalloid, also termed as “poison”
among the general public. It could be found in water, soil,
air and in all living organisms. It exists in organic or
inorganic forms, where inorganic forms are generally
considered more toxic (Zhao et al., 2010). Epidemiological
studies showed that the chronic arsenic poisoning has
caused serious health effects on humans including cancers,
diabetes mellitus, gangrene, hypertension, hyperkeratosis,
ischemic heart disease, melanosis, restrictive lung disease
and peripheral vascular disease (Maity et al., 2012).
Worldwide over 200 million populations have been affected
with the arsenic contaminated groundwater at the
concentration greater than the World Health Organization
safe limit (10 pg As L") in 105 countries of the world (WHO,
2011; Murcott, 2012; Naujokas et al, 2013). India is a
monsoon-dependent country where groundwater is the
dominant source for irrigation of crops, constituting over
80% of the groundwater forirrigation purposes in the Indo-
Gangetic Plain (IGP) of India (Patil et al., 2014). Available
reports suggested that groundwater of IGP region is highly
contaminated with arsenic (As) levels (up to 500 pg L")
under Ganga-Meghna-Brahmaputra basin (GMB)

(Bhattacharya et al, 2007). Several other states in IGP
region have been identified as arsenic contaminated states
with arsenic levels far exceeding the WHO guideline value
(10 pg L") and the Bureau of India Standard (BIS) (50 pg L")
of arsenic in drinking water. According to UNICEF survey in
2005, the groundwater which has been found unsafe for
drinking purposes is still being used continuously for
irrigating agricultural fields in the IGP region (Srivastava et
al., 2015). Previous studies have indicated that when fields
were irrigated with arsenic contaminated groundwater, it
elevated the concentrations of arsenic in the upper layers of
soil as well as in the crops which were grown on these soils
(Rahman et al., 2008; Bhattacharya et al., 2010). The soil
environment is known to act as a major sink to arsenic
(Sanyal & Nasar, 2002). Arsenic rapidly accumulates into
the soil as it depletes only through erosion, methylation,
leaching or plant uptake (Fergusson, 1990). Interestingly,
among all the crops, rice crops are the most susceptible
crops that accumulate greater arsenic concentration from
the fields. They are cultivated under flooded conditions of
irrigation land, which makes soil environment reduced in
condition that facilitates arsenic mobilization in the rice
fields ( Roberts et al., 2011; Spanu et al., 2012). This is a
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matter of concern as rice is a staple crop across the country;,
which if contaminated with arsenic will cause greater
arsenic exposure in humans. Studies on As concentration in
groundwater and soil have been conducted extensively in
the Lower Indo-Gangetic Plain of India, i.e., West Bengal
(Chakraborti et al., 2009; Das et al., 2009; Rahman et al.,
2014). However, we have very bleak information on As
distribution in the groundwater and paddy soil of Punjab,
Haryana, and Delhi, collectively called as Trans Indo-
Gangetic Plain (TIGP) of India. Thus, the present
investigation aimed to study the As concentrations in
groundwater and paddy soil of TIGP region of India. We
also examined the relationship between the As
concentrations in groundwater used for irrigation and the
surfacesoil of irrigated paddy field around tube well.

Methodology:

Study area: the study was conducted in total six different
administrative districts belongs to three different states:
Punjab, Haryana, and Delhi, located in the Trans Indo-
Gangetic Plain (TIGP) of Northern India. Amritsar,
Jalandhar and Ludhiana districts from Punjab; Sonipat and
Panipat districts from Haryana, and North-West district
from Delhi were selected for sampling purposes. In each
district, twovillages were selected and from each village two
tube-well operated paddy fields were selected for collection
of samples. To avoid arsenic contamination from any other
source of irrigation water, only those fields were selected
where tube well water was the only source of irrigation. In
total, 24 field sites were selected for the collection of the
TW waterand soil samples.

Sample collection and preparation:

Groundwater: tube-well (TW) water samples (500 ml) were
collected from tube well pumps used for the irrigation of
paddy fields in November 2016 (Hundal et al., 2009). In
total, 24 TW water samples were collected from TIGP
region. Water samples were collected in polyethylene
bottles, pre-washed with 1% nitric acid and dried prior to
their use. The pumps were kept running for about 10-15 min
in order to get a uniform rate of discharging water. Before
collecting the samples, bottles were rinsed three to five
times with the water sample to be taken. Immediately after
the collection of each sample, nitric acid (0.1% v/v) was
added to each bottle for preservation (Uchino et al., 2006).
All water samples were filtered through Whatman filter
paper no. 42 and stored at 4°C prior to analysis
(Bhattacharyaet al., 2010; Rahaman et al., 2013).

Soil Samples: soil samples (500 g) were collected in
November 2016 covering the same sites from where TW water
samples were collected. Soil surface samples (0-15 cm) were
collected from 4-5 random points (2 m” area) of paddy fields
and then merged to a single representative composite sample
of a field and then transferred to airtight polyethylene bag.
The soil samples were then immediately sun-dried and later

dried in the hot air oven at 60°C for 72 hrs. The dried soil
samples were ground by cautiously disaggregating in a mortar
and screened through 2.0-mm pore sized sieve to get
homogenized representative powder sample. Finally, the
samples were stored in airtight polyethylene bags at room
temperature for analysis (Bhattacharya et al., 2010; Sidhu et
al., 2012; Rahaman et al., 2013).

Determination of Arsenic: to determine Arsenic in water
samples, 10 ml aliquots of each sample were taken into test
tubes. All acid washed glassware (2% HNO,) were rinsed
with de-ionized water and dried. Total As in water samples
were analyzed on an Inductively Coupled Plasma - Mass
Spectrometry (ICP-MS) at the Sophisticated Analytical
Instrument Facility (SAIF) in IIT Bombay, India. Soil
subsamples were weighed (0.1-0.2 g) into PFA vessels,
digested using nitric acid-hydrofluoric acid procedure. The
Multiwave-3000 microwave reaction system (Anton Paar)
was used for sample preparation. Samples were added in
each of the PFA vessels, and then 5 ml nitric acid (Merck,
Analytical grade) and 2 ml hydrofluoric acid (Merck,
Analytical grade) were added. The decomposition time
duration was 50 min and for cooling, time duration was 20
min. The mean temperature reached was 228°C (max
power: 80oW, max pressure: 60 bar). The mostly clear
decomposed sample solutions were made up to 25 ml in 50
ml plastic vials. Total As in the samples was analyzed using
ICP-AES (SPECTRO Analytical Instrument GmbH,
Germany) at the Sophisticated Analytical Instrument
Facility (SAIF) in IIT Bombay, India.

Validation of the method to check accuracy: Certipur
Certified Reference material (As) 100 ppm-certified value
(traceable to SRM from NIST SRM 3103a) LOT HC56697894
purchased from Merck company was used to validate the
analytical method. The As concentration standard used for
each calibration was also prepared fresh for each run.
Calibration curves were rerun if the measured value were
not within 5% expected value. Laboratory control check
standards were run after every 8 and 15 samples in ICP-MS
and ICP-AES, respectively. Mean total recovery of As from
the NIST standard were 98.4 + 0.8 (n=5) and 99.4 + 1.4 %
(n=5) with LOD: 0.0214 pg As L" and 0.006 pg As L" of ICP-
MSand ICP-AES, respectively.

Statistical analysis: the independent t-test and
correlation coefficients were calculated using SPSS 20.0.

Resultsand Discussion:

The mean (+standard error) of As concentrations gathered
from TW water samples collected from 12 villages of TIGP
region of India is presented in Fig.-1. The As concentrations
of the water samples (n=24) ranged from 1.76 to 64.07 pg As
L", with a mean and median value of 13.17 pg As L" and 4.21
pg As L7, respectively. The present study showed that the
mean value of total As present in groundwater of TIGP
region was greater than the WHO potentially toxic limit
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(10.0 pg As L"). However, this value was much lower when
compared with the BIS limit (50 pg As L"). Our results
showed that about 33% of groundwater samples had As
concentrations greater than the WHO (2011) limit, and only
about 4% of water samples had As concentrations greater
than the BIS limit. The concentrations of As varied, with
lowest amount of 1.76 pug As L" in a particular village of
Ludhianadistrict and the greatestamount of 64.07 pg As L
in an another village of Amritsar district. The total As
concentration in TW water samples of Punjab, Haryana,
and Delhiranged from1.76 pg AsL"to 64.07 ug AsL", 1.78 ug
As L to 43.68 ug As L" and 2.21 pg As L" to 25 pg As L7,
respectively. No significant difference was observed in the
concentration of As of groundwater samples between these
three states (Fig.-1). Sidhu et al., (2012) reported 9.21+3.24
pg As L (mean + SD) arsenic in groundwater of Punjab,
which was lower when compared with the present data. In
Haryana, based on a survey conducted in 2008, As in
groundwaterwas 4.18 ug As L, which was again much lower
when compared with the present study. Higher
concentrations of As in TW water of Punjab and Haryana
probably indicate the dominance of natural rather than
anthropogenic sources such as an application of As-
containing chemicals in the agricultural crops (Sidhu,
2007; Roy et al., 2008). From Delhi, As concentration in TW
water we obtained was lower as compared to the studies
conducted by Lalwani et al., (2004). The analytical method
used may also lead to variation in the levels obtained due to
the sensitivity of individual method (Roy et al., 2008).

)
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Mean Arsenic Concentration (g As L

Punjab (n=12) Haryana (n=38) Delhi (n=4)

Figure-1: Mean Arsenic levels obtained from tubewell (TW) of
watersamples collected from the three states of TIGP region

Total arsenic (As) concentration in soil: the total As
varied greatly from, 1.27 mg As Kg" to 81.46 mg As Kg" dry
weight (dw). The range of As concentration in the present
study was wider, due to the contribution of one soil sample
with higher As (81.46 mg As Kg" (dw)) concentration. The
mean As concentration was 20.28 + 22.4 mg As Kg* (dw),
with a median value of 10.18 mg As Kg' (dw). The mean
value of the present study was found to be slightly higher
when compared with the maximum acceptable limit for
agricultural soil (20 mg As Kg") recommended by the
European Community (EC) (O’Neil, 1995). Our results
showed that about 33% of the soil samples had As
concentrations greater than the acceptable limit. Singh et
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al., (2010) studied the arsenic concentration in paddy soil in
the Indo-Gangetic Plains of Northwestern India. They
reported that As concentration varied from 1.09 to 2.08 mg
As Kg-1, which was much lower when compared with the
present data. Similarly, the As concentrations in soil
samples of the present study was higher when compared
with most of the published data, except Chhattisgarh (mean
61 mg As Kg'), West Bengal (mean 38.2 mg As Kg”) and
Taiwan (mean 52.23 mg As Kg") (Sidhu et al., 2012; Biswas et
al., 2014; Ghosh et al., 2014; Rahman et al., 2010; Fu et al.,
2011; Jiang et al., 2014, 2015; Bogdan & Schenk, 2009; Kim,
2013; Hsu et al., 2012). Higher concentration of arsenicin the
soil of paddy fields could be due to the long-term use of
arsenic contaminated irrigation water and arsenical
pesticides. However, the effect of arsenical pesticides on soil
Asconcentrations was beyond the scope of the study.
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Figure-2: Mean Arsenic levels obtained from the soil samples of

paddyfieldscollected from the three states of TIGP region

Fig.- 2 shows the the mean As concentrations in paddy
soil obtained from the three states of TIGP region ranged
from 1.27 mg As kg-1to 63.9 mg As kg” (dw), 65.55 mg As kg"
to 81.46 mg Askg” (dw) and 5.69 mg As kg™ to 43.51 mg Askg”
(dw), respectively. We found no significant difference in the
As the concentration of paddy soil between the three states.
However, district-wise some major differences between the
districts were evidenced. There are several factors
responsible for the difference in the arsenic concentration in
soil. Arsenic in soil deposits, through natural processes of
weathering of As-bearing rocks or use of As-contaminated
groundwater for irrigation or because of anthropogenic
activities such as mining (Azcue et al., 1994), smelting
(Manful, 1992), landfilling of industrial wastes, disposal of
chemical warfare agents (Schneider & Johnson, 1999),
agriculture (Merwin et al, 1994), application of As
pesticides, accident (Sierra et al., 2000), burning coal
(Rubin, 1999), preservation of wood (Moore et al., 2000) and
illegal waste dumping (Tokunaga & Hakuta, 2002).

Correlation of Arsenic concentrations in groundwater
and surface soil: in the present study, only those fields
were selected which were growing paddy during Kharif
season, irrigated with only TW water. Fig.-3 shows the
relationship between As concentration in groundwater and
paddy soil samples of Trans Indo-Gangetic Plain (TIGP) of
India. A positive and moderate correlation was observed
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between the As concentration in TW water and As
concentration in surface soils of the paddy field. According
to Panaullah et al. (2009), approximately whole of the As
added through irrigation water gets retained in the surface
soil, which increases the As concentration in paddy soil.
The present study results clearly indicated that the TW
waters containing more As, accumulated more As in the
surface soils. Therefore, buildup As in soils is directly
related to the As concentration in TW water, although the
number of samples was limited. These results also indicate
that there is a risk associated with growing paddy in the
TIGP region, as both the soils and irrigated waters are
contaminated with As. Paddy crops grown on As
contaminated soil, irrigated with As-contaminated water
accumulates a higher concentration of arsenic as compared
toothercereal crops (William et al., 2007).
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Figure-3: Relationship between As concentration in groundwater
and paddysoil samplesof TIGP, India

Conclusionand futurerecommendations:
The present study reveals the total As concentrations in the
TW water and paddy soil of TIGP region of India. Arsenic
was present in all water and soil samples and some of the
samplesalso exceeded the maximum acceptable limit. This
clearly indicates that water extracted by tube well in the
TIGP region is contaminated with arsenic, depositing As
into the soils of TIGP region, thus increasing the
concentration of arsenic in the soils. Hence, groundwater
of TIGP region is one of the sources of arsenic transferring
into the surface soils, along with other sources like
anthropogenic sources. Since paddy crops accumulate
morearsenic from the irrigated waterand As contaminated
soil as compared to other cereal crops, there is an urgent
need to address this problem. Therefore, regular
monitoring and increased awareness among the
policymakers and the scientific community is required to
assess the harmful effects of As contamination on the
environment. Proper mitigation steps should be
implemented in those areas where arsenic concentration in
water and soil are above the safe limit. In the future, the
incidence of arsenic related health problems should also be
monitored annually from the locations where the arsenic
content of groundwaterisabove and lower the safe limits.
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