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Abstract The experiment was conducted to assess the
impact of arsenic (As)-contaminated groundwater irri-
gation on soil health and crop quality. Geo-referenced
groundwater, soil, and crop produce samples were col-
lected from the middle Gangetic plains of Maner block
of Patna and were analyzed for As content. The result
showed that long-term application of As-contaminated
groundwater (0.017 to 0.677 mg L−1) buildup signifi-
cant amount of As in the soil (0.41 to 8.66 mg kg−1). A
significant correlation (r2 = 0.922) was also observed
between As content in groundwater and the soil. The
content of As in groundwater also affected crop quality
and accumulated metal content in different crop parts.
Total As content in crop samples ranged from 0.010 to
0.963 μg g−1 of dry weight. The average As content in
crop followed order: oilseeds > cereals > vegetables >
pulses. Therefore, produce quality should be monitored
frequently for As uptake as there is a great chance of As
accumulation in food crops. Hence, these approaches
are useful for the formulation of policy guidelines for

the management of As-containing groundwater and rou-
tine risk assessment of As-contaminated soils.

Keywords Arsenic . Crop quality . Food chain
contamination . Heavymetal contamination .Metal
dynamics

Introduction

Increasing population pressure on natural resources
resulting in shrinking of their availability and reducing
ecosystem services across the globe (Saha et al. 2017).
Contamination of groundwater with arsenic (As) is ob-
served as one of the most priority environmental chal-
lenges across the world (Phan et al. 2010). Long-term (>
30 years) application of As-containing groundwater has
contaminated and accumulated a significant amount of As
in the soil. Overexploitation of groundwater for consump-
tive use is mediated redox potential and geochemical
properties of groundwater, which are the main causes for
raised As pollution in different parts of Indian states (Singh
et al. 2014; Sandhi et al. 2017). Bihar andWest Bengal are
As-contaminated states located in the Middle-Gangetic
plain and identified as As-contaminated areas in India
(Singh and Vedwan 2015). The contamination of ground-
water with As was primarily identified at Bhojpur district
of Bihar by Chakraborti et al. (2003) and was stretched to
sixteen districts and intimidating > 10 million residents of
Bihar (Singh 2015). Millions of people are severely affect-
ed due to the intake of As-contaminated water and food
materials across the globe. It is a well-known carcinogen
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and is classified as one of the major health hazards for
humans and animals (USEPA 2001). Singh and Ghosh
(2012) reported the soil samples showing higher content of
As. It has drastically affected animal and human health
across the Maner block of the Patna. Observations were
also recorded that > 500 million citizens are under As
threat particularly in Ganga-Meghna-Brahmaputra
(GMB) plains located in India and Bangladesh. This re-
gion is notified as to the highest As contamination zone in
the Southern and Eastern parts of Asia (Hossain et al.
2006). Further, Kar et al. (2013) mentioned that As-
containing irrigation water builds up a significant amount
of As in the soil and consequently transfers to plants. It
finally reaches humans through food chain contamination
comprised of rice, wheat, vegetables, and fruits growing in
contaminated areas (Rajendiran et al. 2015). It causes
many metabolic disorders and carcinogenic effects on the
human body. Rice, wheat, maize, vegetables, and lentils
are themain staple food andwidely cultivated in Bihar and
require a huge quantity of groundwater for crop produc-
tion. Leafy vegetables accumulate more heavy metals than
cereal crops (Biswas et al. 2014; Dotaniya et al. 2018).
Further, higher content of heavy metals in the soil adverse-
ly affected biomass and yield potential, plant nutrient
dynamics, carbon mineralization rate, and soil microbial
biomass carbon (Dotaniya et al. 2016, 2017). Accumula-
tion of As in the soil is influenced by soil reaction, organic
carbon, clay content, and soil structure (Dotaniya et al.
2018). There is a higher leeway for the accumulation of
metal in crops which are cultivated on As-contaminated
soils and irrigated with As-containing irrigation water
(Bhattacharya et al. 2009a).

Keeping the above backdrop in mind, the present
study was conducted with the following objectives: (1)
To quantify As contamination level in groundwater and
groundwater-irrigated agricultural fields atManer block,
Patna district of Bihar, India; (2) to assess the effect of
long-term As-containing groundwater irrigation on soil
and mediate crop produce quality; and (3) to establish a
relationship between iron (Fe) and As to find the source
of As in groundwater.

Material and methods

Sampling locations

Geo-referenced soil, groundwater, and plant samples
were collected from identified villages, i.e., Patila,

Rambad, Rampur, Ramurdiara, Hulasitola, and
Bhawanitola. These areas are under Diara cultivation
along the river Sone, under Kita Chuhatthar panchayat
of Maner block of Patna, India (Map 1). The soil of the
study area was identified as alluvium and the ground-
water table varied from 30- to 120-ft depth (Saha et al.
2011). During the rainy season, the area inundates due
to waterlogging for 6 months and rising water level of
the Sone and Ganges rivers.

Collection of soil and groundwater samples

Groundwater samples (n = 17) were collected from tube
wells after running pump set for 5–10 min in sterilized
plastic bottles fitted with an airtight stopper. Samples
were acidified immediately with 1% concentrated HCl
and kept for metal analysis. Composite soil samples
(n = 17) were separately collected from 0 to 15-cm depth
of soil from the agriculture fields which were irrigated
with As-containing groundwater. Soil and groundwater
samples were digested through aqua regia (HCl: HNO3::
3:1 ratio) and were heated until turning colorless. After
cooling, the final volume was prepared up to 25 mL
with double distilled water and passed through
Whatman no. 42 filter papers. All locations were given
five irrigations (surface irrigation) during the crop
growth period. At crop harvest, the edible part of crops
was collected, dried, and grounded for As analysis.

Metal analysis

For metal analysis, 0.5 g ground sample was taken in
100-mL conical flask and digested by adding 1.0 mL of
perchloric acid (HClO4), 1.5 mL of sulfuric acid
(H2SO4), and 4.0 mL of nitric acid (HNO3) and heated
at 110–120 °C until the 1–2mL transparent solutionwas
obtained (Page et al. 1982). The content was diluted up
to 25 mL with double distilled water and passed via
Whatman No. 42 and stored in plastic bottles. The total
As content in digested soil, plant, and groundwater
samples was determined by using atomic absorption
spectrophotometer (AAS) coupled with hydride gener-
ator (Thermo Fisher 2100 DV with 0.001 μg kg−1 de-
tecting limit). The maximum sensitivity was obtained
following the HCl concentration of 10% v/v and 0.4%
NaBH4. The reagent quality was checked by running
two blank samples for a separate bunch of samples.
Three replications for each sample of digested soil, crop,
and irrigation water were taken, and their mean values



were obtained. Iron content in irrigation water samples
was also measured to find out regression and correlation

coefficient between Fe and As concentration in ground-
water collected samples.

Map 1 Geo-referenced points of groundwater sample collection

Table 1 Arsenic and Fe concentration in collected groundwater and soil samples

Tube well ID Metal concentration in groundwater (mg L−1) Arsenic content
in soil (mg kg−1)

Arsenic Iron

Tw1 0.022 2.42 0.41

Tw2 0.081 5.12 2.01

Tw3 0.063 5.54 1.14

Tw4 0.017 0.45 0.37

Tw5 0.142 7.76 3.31

Tw6 0.171 3.12 3.37

Tw7 0.127 6.25 2.15

Tw8 0.108 4.81 2.42

Tw9 0.129 4.04 2.48

Tw10 0.028 0.61 0.96

Tw11 0.310 9.74 5.90

Tw12 0.280 11.80 3.40

Tw13 0.140 3.11 3.25

Tw14 0.677 11.56 8.66

Tw15 0.059 2.20 0.99

Tw16 0.064 1.59 1.29

Tw17 0.025 3.48 0.62

Mean 0.144 4.92 2.51

SD± 0.16 3.51 2.14

Range 0.17–0.677 0.451–11.802 0.37–0.866
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To ensure the reliability of analytical data or to verify
whether our analytical results are confirmatory with
standard reference materials (SRMs) from the National
Institute of Standards and Technology (NIST), USA, the
SRM samples were analyzed by using the same diges-
tion and analytical procedures that used for samples.
The observed values of As content in tomato leaves
(SRM 1573a) was 0.105 ± 0.002 mg kg−1 (certified
value 0.112 ± 0.004 mg kg−1); observed value of As
concentration of the San Joaquin soil (SRM 2709) was
17.2 ± 0.2 mg kg−1 (certified value 17.7 ± 0.8 mg kg−1),
and observed value of apple leaves (SRM 1515) was
0.033 ± 0.002 mg kg−1 (certified value 0.038 ±
0.007 mg kg−1). Excellent conformity was observed
between observed and certified values. The statistical
analysis of data obtained for collected water and soil
samples was carried out as described by Gomez and
Gomez (1983). Mean data and standard deviation of As
were computed with the help ofMicrosoft Excel version
7. The entire statistical data analysis was performed with
SAS version 9.3.

Results and discussion

Arsenic content in groundwater samples is varied from
0.017 to 0.677 mg L−1 (Table 1). These many folds

higher over the safe limit (0.01 mg L−1) were recom-
mended for drinking water by the World Health Orga-
nization (WHO 2007). Bhattacharya et al. (2009a) also
reported similar results in groundwater samples of
arsenic-affected villages of Chakdaha block, Nadia of
West Bengal.

The experimental findings are also interpreted that
maximum As concentration was found in groundwater
collected from intermediate tube wells (80–100 ft)
(Fig. 1). Saha et al. (2011) reported that concentration
of As was decreased (max 0.0035 mg L−1) with increas-
ing depth (120–130 m) of tube well at the recently
formed alluvial chunk of Patna and Bhojpur. The Fe
concentration in groundwater also found significant
amount and ranged 0.45 to 11.80 mg L−1, whereas
maximum concentration (11.56 mg L−1) was recorded
in Tw14 sample. However, the similar sample ID also
reportedmaximum concentration (0.68 mg L−1) of As in
groundwater. The main source of As concentration in
groundwater was the mineralization of arsenic sulfide
minerals in a combination of clay in reduction condition.
During summer, rapid pumping of groundwater having
more chance to aeration and oxidized arsenic sulfides;
and was enhanced water-soluble As in groundwater.
Singh and Ghosh (2012) reported that the Fe minerali-
zation process enhanced As mineralization rate and
resulted in As content in groundwater. He mentioned
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that increasing aeration enhanced the conversion rate of
Fe (II) into Fe (III), and temporarily adsorption of As
was observed. During pumping, the reverse conversion
occurred and enhanced As concentration in groundwa-
ter. A similar process might happen in this study as the
results were indicated (Singh and Ghosh 2012). It is a
well-known process and utilizes the removal of As with
the help of Fe precipitation.

The tube wells that had a higher amount of As also
contained a higher concentration of Fe in groundwater
samples (Table 1). The linear regressions analysis shows
a significant correlations (r2 = 0.632, p < 0.001) in As
and Fe concentration in groundwater (Fig. 2).

In Southern and Southeastern Asia, reductive disso-
lution of As adsorbed on Fe-/Mn-oxides/hydroxides
could be an important pathway of As entry in ground-
water (Postma et al. 2007). It might have occurred due to
microbial breakdown of soil organic matter (SOM)
which reduced ferric (Fe3+) to available Fe (II)
(Postma et al. 2007). Hossain et al. (2006) reported that
heavy withdrawal of groundwater might be the reason
why Fe pyrites decomposed and released As into water;
and further use for agricultural activities.

Arsenic content in soil samples from the study area
ranges from 0.41 to 8.66 mg As kg−1 dry weight basis
(Table 1), which were lower than reported geogenic
contamination (10 mg As kg−1 naturally), and is occur-
ring in soil samples across the globe (Singh and Ghosh
2012). The lower As content in collected soil samples
might be due to loss of As comprised by microbial
biomethylation process from soil to air, uptake by
plants, infiltration, and surface runoff during precipita-
tion (Singh and Ghosh 2012). However, an important
cause of concern would be a positive As linear relation-
ship (r2 = 0.922) and is observed between groundwater
and its buildup in soils (Fig. 3). Thus, such types of

studies are indicating that the potential use of As-
containing groundwater may enhance health hazards
by mediating soil health and ecosystem services. Previ-
ous studies also indicated that contaminated water en-
hanced As, an accumulation rate in the soil during the
prolonged application as irrigation water. Most of the
work is well-documented and reported in West Bengal,
India (Bhattacharya et al. 2009b).

The mean As uptake by vegetables, cereals, pulses,
and oilseeds is presented in Table 2. The collected plant
samples were grouped into three categories based on the
World Health Organization (WHO) limits of As con-
centration present in demarcated tube wells, i.e. mild
As-contaminated irrigation water (0–0.05 mg L−1);
moderate As-contaminated irrigation water (0.05–
0.100 mg L−1); and high As-contaminated irrigation
water (>0.100 mg L−1) applied fields from which plant
samples were collected. Total As content in collected
plant samples varied between 0.01 and 0.963 mg kg−1

dry weight. Results also showed a positive correlation
between As and Fe in collected groundwater samples.
The collected groundwater, soils, and crop samples also
showed a significant positive relation. These findings of
the current study confirm with the study of Bhattacharya
et al. (2010) who reported 0.318 to 0.643 mg As L−1 in
irrigation water and 5.70 to 9.71 mg As kg−1 in the soil.
It significantly influenced the accumulation of As in
rice; pulses and vegetables are grown with As-
containing irrigation in West Bengal. Further observed
that As in soil was a major source of As in agriculture
crops (Huang et al. 2006). In this hypothesis, the highest
concentration of As was found in rice (0.379 μg g−1),
followed by pearl millet (0.234 μg g−1), sorghum
(0.205 μg g−1, wheat (0.176 μg g−1), and the lowest
mean As in maize (0.168 μg g−1). Among vegetables,
the potato crop accumulated the highest As



(0.291 μg g−1) and followed by radish. The genetic
potential of crops plays a vital contribution to the accu-
mulation of As during crop cultivation (Dotaniya et al.
2014). Some time different species of a crop performed
differently regarding As remediation from contaminated
soils. Most of the tuber crops have a higher genetic
potential to accumulate the foremost amount of trace
metals (Dotaniya et al. 2018). An experiment conducted
at Haldichapra and Rampur Diara villages of Bihar and

found higher concentrations of As in potato, cauliflow-
er, arum, amaranthus, ladyfinger, radish, and brinjal
cultivated in As-containing irrigation water (Singh and
Ghosh (2011). Thus, As uptake in crops significantly
increased due to the continuous application of As-
contaminated irrigation water (Dahal et al. 2008).
Long-term application of As-contaminated water accu-
mulated significant amount in soil and transferred to
plant parts. These accumulated As stored in cell vacuole

Table 2 Arsenic content in different agricultural crops irrigated with As contaminated groundwater

Agricultural
crops

Arsenic concentration in crop produce (μg g−1)

Mild As-contaminated
irrigation water (0–0.05 mg L−1)

Moderate As-contaminated
irrigation water
(0.05–0.100 mg L−1)

High As-contaminated
irrigation water
(> 0.100 mg L−1)

Combined
mean

n Mean Range n Mean Range n Mean Range

Vegetables

Lady’s finger 6 0.139 ± 0.027 0.105–0.182 9 0.197 ± 0.005 0.185–0.200 8 0.263 ± 0.037 0.206–0.320 0.200

Pumpkin 9 0.109 ± 0.026 0.040–0.127 6 0.135 ± 0.053 0.123–0.152 9 0.172 ± 0.047 0.136–0.286 0.139

Brinjal 7 0.123 ± 0.032 0.094–0.157 9 0.167 ± 0.030 0.100–0.192 8 0.374 ± 0.083 0.167–0.341 0.221

Amaranthus 9 0.156 ± 0.054 0.046–0.221 4 0.220 ± 0.060 0.149–0.285 9 0.311 ± 0.086 0.132–0.398 0.229

Spinach 6 0.170 ± 0.031 0.139–0.217 8 0.254 ± 0.046 0.182–0.332 9 0.365 ± 0.089 0.213–0.695 0.263

Bottle gourd 4 0.143 ± 0.027 0.113–0.179 5 0.214 ± 0.058 0.165–0.312 8 0.295 ± 0.022 0.260–0.512 0.217

Chilly (green) 5 0.078 ± 0.031 0.034–0.113 4 0.132 ± 0.045 0.074–0.183 6 0.244 ± 0.088 0.142–0.294 0.151

Cucumber 4 0.092 ± 0.021 0.056–0.013 5 0.232 ± 0.023 0.178–0.345 8 0.294 ± 0.047 0.147–0.411 0.206

Bitter gourd 4 0.130 ± .051 0.062–0.187 6 0.242 ± 0.041 0.163–0.286 5 0.247 ± 0.099 0.173–0.421 0.206

Pea 9 0.067 ± .020 0.041–0.096 4 0.083 ± 0.094 0.066–0.113 6 0.132 ± 0.046 0.095–0.223 0.094

Cauliflower 7 0.134 ± 0.044 0.092–0.184 5 0.186 ± 0.042 0.123–0.231 6 0.283 ± 0.85 0.164–0.423 0.201

Potato 8 0.163 ± 0.056 0.064–0.213 6 0.263 ± 0.064 0.167–0.365 8 0.446 ± 0.115 0.190–0.732 0.291

Radish 5 0.142 ± 0.056 0.093–0.237 7 0.213 ± 0.058 0.154–0.334 9 0.323 ± 0.155 0.112–0.632 0.226

Onion bulb 5 0.067 ± 0.031 0.043–0.120 6 0.096 ± 0.038 0.057–0.162 7 0.154 ± 0.074 0.113–0.242 0.106

Tomato 6 0.087 ± 0.034 0.046–0.146 8 0.142 ± 0.061 0.154–0.243 7 0.212 ± 0.067 0.130–0.298 0.147

Sponge gourd 5 0.112 ± 0.027 0.072–0.142 8 0.215 ± 0.063 0.163–0.233 6 0.262 ± 0.069 0.124–0.312 0.196

Cereals

Rice 12 0.220 ± 0.044 0.135–0.330 8 0.226 ± 0.019 0.134–0.514 15 0.691 ± 0.106 0.514–0.963 0.379

Wheat 9 0.124 ± 0.052 0.010–0.190 8 0.167 ± 0.044 0.132–0.265 12 0.236 ± 0.045 0.137–0.312 0.176

Maize 5 0.067 ± 0.018 0.043–0.091 6 0.193 ± 0.041 0.152–0.269 8 0.234 ± 0.038 0.177–0.288 0.168

Pearl millet 6 0.169 ± 0.026 0.132–0.213 5 0.218 ± 0.062 0.143–0.314 9 0.315 ± 0.071 0.172–0.395 0.234

Sorghum 7 0.137 ± 0.034 0.078–0.189 5 0.187 ± 0.047 0.118–0.252 7 0.292 ± 0.073 0.233–0.350 0.205

Pulses

Beans 4 0.033 ± 0.021 0.016–0.063 5 0.061 ± 0.030 0.027–0.110 8 0.085 ± 0.048 0.043–0.200 0.057

Lentil 2 0.015 ± 0.007 0.010–0.020 6 0.046 ± 0.021 0.023–0.083 7 0.064 ± 0.033 0.011–0.113 0.042

Oil seeds

Mustard 5 0.198 ± 0.063 0.112–0.271 6 0.256 ± 0.057 0.142–0.293 7 0.392 ± 0.094 0.187–0.453 0.282

Sesamum 6 0.153 ± 0.047 0.110–0.242 7 0.239 ± 0.048 0.133–0.274 9 0.381 ± 0.079 0.176–0.432 0.258
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Table 3 Arsenic concentration in plant tissue grown with poor quality water

Agricultural crops Arsenic concentration in crop produce (μg g−1)

Mild As-contaminated
irrigation water
(< 0.05 mg L−1)

Moderate As-contaminated
irrigation water (0.05–
0.100 mg L−1)

High As-contaminated
irrigation water
(> 0.100 mg L−1)

Combined mean

n Mean Range n Mean Range n Mean Range

Vegetables 99 0.120 0.034–0.237 100 0.187 0.057–0.365 119 0.274 0.095–0.732 0.193

Cereals 39 0.143 0.010–0.330 32 0.192 0.118–0.514 51 0.362 0.137–0.963 0.232

Pulses 6 0.019 0.010–0.063 11 0.054 0.023–0.110 15 0.075 0.011–0.200 0.049

Oilseeds 11 0.176 0.110–0.242 13 0.248 0.133–0.293 16 0.387 0.176–0.453 0.270
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or other parts and affect crop growth. The uptake pattern
of As by crop plants showed better correlation with the
As concentrations in irrigation water compared to As
content in soil (Dahal et al. 2008). The current experi-
ment has shown that average As accumulation rate was
highest in tuber crops which were followed by leafy
vegetables and lowest in fruity vegetables. However,
the concentration of As did not found to exceed the
permissible concentration limit of 1.0 μg g−1 (Abedin
et al. 2002).

The highest As concentrations (mg kg−1) were found
in oilseeds (0.270) and lowest in pulses (0.049). Long-
term intake of As spiked ration may cause a carcinogen-
ic effect in human beings (Singh and Ghosh 2011).
Arsenic accumulation in oilseeds was found from
0.176 to 0.453 mg kg−1 dry weight, whereas As con-
tamination in irrigation water was the highest. The av-
erage As accumulation in crops is following the order of
oilseeds > cereals > vegetables > pulses (Table 3). The
difference in As uptake pattern by crops was due to the
physiological processes controlled by the genetic poten-
tial of crops (Dotaniya et al. 2014).

The collected groundwater samples from study areas
(nine locations) were showed higher content in irriga-
tion and falls in the hazards category (safe limit of
0.10 mg L−1) prescribed by FAO for irrigation (FAO
1985). Moreover, soils were also contaminated due to
long-term (> 30 year) application of As-contaminated
groundwater for irrigation. Bhattacharya et al. (2009a)
reported that soil properties (organic matter, pH, and
concentration of other metal ions) and genetic makeup
of crop plants affected the transfer potential of As from
soil to plant parts. Although, crop plant samples of
cereals, pulses, oilseeds, and vegetables did not show
As concentration more than 1.0 mg kg−1 dry weight of

collected edible plant parts. Regular monitoring of As
uptake by plants should be carried out especially in high
As-containing irrigation groundwater. Growing of non-
food crops is a safe strategy mainly in high geogenic As
contamination areas. Heavy withdrawal of contaminat-
ed groundwater to irrigate crops can trigger a new
dimension of the existing risk of groundwater in Maner
block, Patna district, Bihar. A large population in this
area is also at high risk due to As-contaminated drinking
water and consuming food grains produced from con-
taminated water. The present study highlights the path-
way of As entry in the food chain via irrigation water-
soil-plant pathway which is fulfilling the knowledge gap
in this area.
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