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Abstract The present study measured arsenic (As)

concentrations in soil, groundwater and rice grain

samples in two villages, Sarapur and Chinili, under

Chakdaha block, Nadia district, West Bengal, India.

This study also included a survey of the two villages to

understand the knowledge among villagers about the

As problem. Soil and groundwater samples were

collected from fields in two villages while rice grain

samples were collected from villagers’ houses. The

results revealed the presence of As in higher concen-

trations than the maximum permissible limit of As in

drinking water (10 lg L-1 and 50 lg L-1 by WHO

and Indian standard, respectively) in groundwater

[124.50 ± 1.11 lg L-1 (Sarapur) and 138.20 ±

1.34 lg L-1 (Chinili)]. The level of As in soil was

found to range from 47.7 ± 0.14 to 49.3 ±

0.19 mg Kg-1 in Sarapur and from 57.5 ± 0.25 to

62.5 ± 0.44 mg Kg-1 in Chinili which are also higher

than European Union maximum acceptable limit in

agricultural soil (i.e. 20 mg Kg-1). The analysis of As

in rice grains of five varieties, collected from residents

of two villages, showed the presence of higher than

recommended safe level of As in rice by FAO/WHO

(0.2 mg Kg-1). The As concentration order was Gosai

(0.95 ± 0.044 mg kg-1), Satabdi (0.79 ± 0.038 mg

kg-1), Banskathi (0.60 ± 0.026 mg kg-1), Kunti

(0.47 ± 0.018 mg kg-1) and Ranjit (0.29 ±

0.021 mg kg-1). Importantly, Gosai and Satabdi were

the most popular varieties being consumed by local

people. The data of consumption of rice per day in the

survey was used for the measurement of average daily

dose and hazard quotient. It was seen that the As

hazard was negatively correlated to the age of

residents. Therefore, children and toddlers were at

higher risk of As exposure than elderly people. In

addition, people with skin related As toxicity symp-

toms were also cited in the two villages. The study

emphasized the severity of As problem in remote areas

of West Bengal, India where people consume As

tainted rice due to lack of awareness about the As

problem and associated health issues.
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Introduction

Arsenic (As) is a toxic metalloid distributed through-

out the environment. Arsenic contamination in

groundwater has surged in the recent past and its

exposure is posing a serious threat to health of millions

of people worldwide (Gilbert et al. 2015; Podgorski

et al. 2017) with the worst effects in the areas of Indo-

Gangetic and Ganga–Meghna–Brahmaputra plains

(Chakraborti et al. 2013). Some recent studies suggest

that contamination has emerged in other parts of the

world also where there was no prevalence of As earlier

like the Amazon basin, West Africa and some parts of

China (Bretzler et al. 2017; Li et al. 2018). The

exposure to As through ingestion (drinking water and

food) for long time affects the human health and may

cause several diseases including cancers, melanosis,

skin lesions, hyperkeratosis, lung disease, and periph-

eral vascular disease (Banerjee et al. 2013; Abdul et al.

2015).

In West Bengal, India, 9 out of total 19 districts are

facing the problem of As contamination (Nickson

et al. 2000; Chakraborty et al. 2002; Bhattacharya

et al. 2010). A number of studies in past few decades

analysed As contamination in soil, groundwater and

rice grain in the affected regions (Shrivastava et al.

2017; Mondal et al. 2017; Bhowmick et al. 2018;

Upadhyay et al. 2018). The studies also included

surveys among local people and awareness programs

(Hadi 2003; Murray and Sharmin 2015). However, it

has been pointed out clearly that more awareness

programs and educational camps need to be organized

to make people well-informed of the situation and

clarify any misconception (George et al. 2013).

People, especially those living in rural areas, have no

resources, such as piped water supply with effective

As removal facilities, even when the problem is known

for a few decades now (Basu et al. 2015).

The major route of As contamination for humans is

through drinking water and food (Awasthi et al. 2017).

Rice grains have greater affinity towards the arsenic

accumulation approximately tenfold higher than

others major food grains like wheat and barley. Rice

is the major crop affected by As contamination. Rice

grains have greater affinity towards the As accumu-

lation approximately tenfold higher than others major

food grains like wheat and barley (Majumdar and Bose

2017; Awasthi et al. 2017). Recently, Shrivastava et al.

(2017) have reported as high as 1 mg kg-1 As levels

in rice grains in Chakdaha block of West Bengal while

safe As limit for white rice set by WHO is only

0.2 mg kg-1 (Sohn 2014). It is even more concerning

to note that the rice consumption rates in As affected

regions of Bangladesh and West Bengal, India are

much higher, up to 500 g per day (Meharg and Zhao

2012), than that in other parts of the world. The As

contamination of groundwater and soil, excessive rice

cultivation in two seasons (Boro and Aman) in a year,

the potential of rice to accumulate As in high amounts

and people’s preference for rice consumption create a

unique nexus that makes the exposure of people to As

a highly likely process in a region like West Bengal.

The humid and warm conditions of the area further

exacerbate the problem as people need to drink plenty

of water to survive and the demands are mostly met by

groundwater that too comes predominantly from

shallow aquifers (Biswas et al. 2014; Basu et al. 2015).

The present survey based study was conducted to

evaluate ground reality of awareness about As prob-

lem among remote people in two villages, Sarapur and

Chinili, in Nadia, West Bengal, India. The perception

and knowledge of the As problem among villagers was

ascertained scientifically through questionnaire based

survey. In addition, the quantification of As in

groundwater, soil and rice samples was done. The

data of As concentrations in rice grains and rice

consumption pattern were used to evaluate the HQ in

relation to age of villagers.

Materials and methods

Study area

The study was conducted in a part of Chakdaha, a

semi-rural municipality area under the Kalyani sub-

division in district Nadia, West Bengal, India. Chak-

daha is located at 23.08�N 88.52�E whereas the

selected study area covers two of its villages at the

innermost part with geo-positioning of 23�01007.800N
88�39043.100E to 23�01014.300N 88�38024.700E (Sara-

pur) and 23�01029.000N 88�43041.400E to 23�01054.400N
88�43014.100E (Chinili). The total population of Chak-

daha block is 405,719 (Census of India 2011).
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Survey questionnaire and sample collection

A door-to-door survey was performed by a standard-

ized questionnaire based study in January–May 2017.

A total of 105 houses were surveyed and among all

individuals, 276 were males and 278 were females

including an accountable number of children within an

age group of 2–10 years (Supplementary Figure 1).

The questionnaire included information like age, sex,

educational background, medical history within fam-

ily, etc. The details of questionnaire are given in

Table 1. The individual household’s population was

aimed for this study in selected villages after prior

discussion with village council members (local self-

governance system at village scale). Random sam-

pling method was adopted to select appropriate

number of native participants. Therefore on the basis

of pilot observation of native residence (Kaccha and

Pakka or Hut and Concrete houses), respective fam-

ilies were selected for survey interview. More than

70% interviewed participants were head of their

family. Survey interview took around 20–30 min to

complete. During the whole survey, one local person

helped in obtaining information especially from

females and other reluctant participants by having

familiarity and by conversation in local language.

Apart from personal information, volunteers were

asked about their daily rice consumption individually

and as a whole for the family to calculate the monthly

rice requirement. The source of rice of the volunteers

was also questioned; whether locally grown or

purchased from market. The study area is a hub of

rice production and different varieties are used. In five

of the popular rice varieties among local residents, As

analysis was performed in grains. These included

Gosai, Satabdi, Banskathi, Kunti and Ranjit. The

grains of the analysed varieties were collected from

household during survey. Groundwater samples were

collected from 15 tube wells in triplicates each from

the two villages and were analysed for As. We

performed the random sampling for groundwater.

Further for soil sampling, we collected the agricultural

soil from starting points of both villages (5 points of a

field, triplicate samples of each point), and similarly

midpoint and last point of the village and made the

representative samples for these three points as S1, S2,

and S3. Soil and groundwater pH and conductivity

(EC) was analysed with the help of waterproof Oaklon

multi-parameter PCSTestrTM 35 series pH meter. The

level of organic matter (%OM) was determined

through Walkley–Black method (Walkley and Black

1934). The oxidation reduction potential (ORP) was

quantified with the help of handy instrument Aakiro

Aquasol digital (AM-ORP-01) after diluting 1 g of

soil sample in 10 mL of milli-Q water. The carbonate

and bicarbonate test of water samples were done by the

titrimetric method of known volume of water to

standard H2SO4 using phenolphthalein and methyl

orange indicators (Estefan et al. 2013).

Health risk assessment

Based on the survey and respective participation of

native residents, Average Daily Dose at (ADD) from

As at definite age and Hazard Quotient (HQ) were

calculated to evaluate the risk index of the subjected

villagers of different age groups as per method given

in Shibata et al. (2016).

ADD and HQ were determined by the following

equations:

ADD ¼ Crc � IRrc;t

BWt

HQ ¼ ADD

Rf D

where Crc is concentration of As in specific dietary

component [(rice) (mg kg-1)]; IRrc,t (Ingestion Rate)

is amount of specific diet at the specific age which

varied from 20 to 500 g per day for different age

groups and BWt is the average specific body weight of

participants at definite age which varied from 3 to

79 kg. The measurement of ADD subsequently

resulted in the assessment of the HQ with reference

dose (RfD). RfD represents oral reference dose

(0.0003 mg kg-1 day-1) for As, given by United

States Environmental Protection Agency (USEPA

2005). HQ [ 1, denotes that population are at risk

of specific hazard (As).

Arsenic analysis and sequential extraction

Arsenic analysis was done in soil, groundwater and

rice grain samples following the protocol detailed in

Shrivastava et al. (2017). For soil samples, a tri-acid

(HNO3, HClO4 and H2SO4) digestion procedure was

used. About 0.5 g of dried soil sample was taken in

digestion tubes and mixed with 5 mL HNO3 for

digestion. The mixtures was permitted to stand
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overnight in a fume hood in incubation. At next day,

the digestion tubes were heated at 60 �C for 2 h in

digestion block. Then, the tubes were allowed to cool

at room temperature. In continuation, 2 mL HClO4

and 3 mL H2SO4 was added and the tubes were heated

again at 160 �C for 2–3 h. After complete digestion,

the product was allowed to cool, diluted to 25 mL with

milli-Q water, filtered through Whatman 0.45 lm

filter paper and stored until further analysis. Plant parts

and grains were also subjected to di-acid (HClO4 and

H2SO4) digestion under the similar conditions (Ma-

jumdar et al. 2018). Earlier to filtration and analysis,

the groundwater samples were pre-treated with few

drops of 2% HNO3 in the field to slow down the As

species transformation. Arsenic analysis was per-

formed by Inductively Coupled Plasma Mass Spec-

trometry (ICP-MS) (Thermo scientific Q-ICP-MS, X

series 2) and the data was processed with Thermo

Plasma Lab software. In order to maintain the

qualitative accuracy of As, standard reference mate-

rials NIST 2711A Montana II were used. Further,

sequential extraction process (SEP) was performed as

per the protocol given in Sarkar et al. (2017) and

modified from Tessier et al. (1979) that allowed

extraction of As into five fractions and percentage

values were obtained. These fractions were obtained

through a series of chemical treatments with different

acids and oxidizers resulting in loosened As in the first

two fractions; exchangeable (1) and carbonate bound

(2), followed by Fe–Mn oxide bound (3), organic

matter bound (4) and finally the residual fraction (5).

The details of SEP process are given in Table 2.

Statistical analysis

Correlation analysis was performed for determining

any possible relationship between HQ and age group

distribution of native residents. All experimental

analyses were performed in triplicate. One way

ANOVA was performed to confirm the data variability

and validity of observed results. All the statistical

analysis was performed by using Graph Pad Prism 6.

Results

Arsenic in groundwater

In West Bengal, groundwater is the main source of

water for daily needs (cooking, drinking, etc.) and for

Table 1 Survey questions assigned to native residents of corresponding villages

S. no. Questions Answers/options

1. Basic information of natives

Name, age, sex, educational qualification, income, number of

family members (male, female and children in different age

groups)

–

2. House types Kaccha/Pakka (made with straw and bamboo or with

bricks, cement and concrete)

3. Quantity of intake of integral food rice Daily, monthly and per person individually? (in Kg)

4. Source of rice Market/through other farmers/self-cultivation

5. Natives knowledge about arsenic poisoning

Have you heard about arsenic, if natives having own agriculture

field: source of irrigation water in rice field

Yes/no, tube well or rain or canal or collected surface

water in form of pond

6. Idea about arsenic concentration in tube well water or

groundwater?

Yes/no; if yes idea about what is the concentration?

7. Source of drinking water? Private installed well/government supply/own

purchased drinking water

8. Any health issue to a family members of natives; specify Yes/no

Skin related/lungs related/kidney and bladders/nervous

related/specific cancer

9. Knowledge about arsenic related disease? Undergone to confirmation test arsenic in body?; yes/no

10. Prevention measures knowledge of arsenic? Filters/treatment plant/none

11. Arsenic solution knowledge of natives? Specify in details
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irrigation purpose. Agriculture is mostly groundwater

dependent. A huge number of shallow, large-diameter

tube wells have been installed for agricultural irriga-

tion. We investigated 30 tube well water samples, 15

from each village, spread across the study area. The

analysed tube wells were also being used for water

consumption by the people. The average As concen-

tration in water in Sarapur and Chinili was

124.50 lg L-1 and 138.20 lg L-1, respectively

(Fig. 1). The As levels were very high and way

beyond the permissible limit of As for drinking water

set by WHO and also as per Indian standards

(10 lg L-1 and 50 lg L-1, respectively). The maxi-

mum and minimum As levels in water were

196.44 lg L-1 and 82.15 lg L-1, respectively, in

Sarapur and were 189.03 lg L-1 and 92.54 lg L-1,

respectively, in Chinili.

Arsenic in soil and physico-chemical parameters

of soil

Soil samples were also analysed for As in the selected

villages from three selected sites. The total load of As

in Chinili soil (57.5–62.5 mg Kg-1) was measured to

be higher than that in Sarapur soil (47.7–

49.3 mg Kg-1). The top layer of the soil sample from

both the villages retained the maximum level of As

(60.09 mg Kg-1 and 48.53 mg Kg-1 in Chinili and

Sarapur, respectively) (Fig. 2). Soil samples were

collected during the winter rice cultivation (Boro)

when groundwater is used for irrigation (Shrivastava

et al. 2014).

The sequential extraction of As from soil sample

was also performed (Fig. 3). Arsenic content was

divided into five separate fractions (Tessier et al.

Table 2 Details of sequential extraction process of soil

S. no. % fraction Chemical solution used and their respective volume Temperature, condition and duration

1. Exchangeable 1 M solution of MgCl2 at pH 7.0 (quantity 8 mL) Continuous agitation at room temperature

2. Carbonate bounds 1 M solution of sodium acetate pH 5 and CH3COOH

(quantity 8 mL)

Continuous agitation at room temperature

3. Fe–Mn oxides bound NH2OH and HCl in 25% (v/v) HOAc (quantity 20 mL) 96 �C, recurrent agitation

4. Organic matter bound 0.02 M solution of HNO3 (quantity 3 mL) 85 �C, recurrent agitation

30% solution of H2O2 at pH 2 with HNO3 (quantity

5 mL), Again 30% solution of H2O2 at pH 2 with

HNO3 (quantity 3 mL)

85 �C recurrent agitation

3.2 M solution of NH4OAc in 20% (v/v) HNO3

(quantity 5 mL and should be diluted up to 20 mL

with mili Q water)

Continuous agitation at room temperature

5. Residual fraction 5: 1 ratio of HF–HClO4 solution _

S1 S2 S3 S4 S5 S6 S7 S8 S9
S10 S11 S12 S13 S14 S15

Fig. 1 Arsenic

concentration (lg L-1; ppb)

in groundwater collected

from 15 tube wells at

Sarapur and

Chinili villages. All the

points are represented as

mean value of triplicate

data ± standard deviation

(SD). ANOVA significant at

p B 0.01
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1979) providing information about bound or available

fractions of As. The fractions included exchangeable

(1), carbonate bound (2), Fe–Mn oxide bound (3),

organic matter bound (4) and residual fraction (5). The

percentage level of As in soil samples varied in

different fractions in both Sarapur and Chinili villages.

The exchangeable fraction contained the least As

(0.12–0.24% in Sarapur and 0.18–1.64% in Chinili).

While, the residual fraction retained the maximum As

(12.37–15.27% in Sarapur and 9.88–27.72% in

Chinili).

Arsenic mobility in the soil is dependent on the soil

physico-chemical parameters (Violante et al. 2010).

Soil pH from sarapur and Chinili were measured to be

alkaline within a range of 8.2–8.6 and organic matter

(%OM) was 1.71 and 1.83, respectively. The ORP of

soil was found to range from 230 to 284 and from 227

to 247 in Sarapur and Chinili, respectively, in upper

soil layers (0–5 cm). The average EC of the soil

solution was 671.89 and 632.55 lS cm-1 (Table 3)

whereas the groundwater EC was 281.36 and

305.18 lS cm-1 (Table 4) in Sarapur and Chinili,

respectively.

The average pH value was found to be 8.04 and 7.94

in Sarapur and Chinili groundwater samples, respec-

tively (Table 4). The average carbonate (CO3
-2) and

bicarbonate (HCO3
-) concentration in groundwater

was found to be 76.20 and 173.86 mg L-1, respec-

tively, in Sarapur and 84.46 and 202.53 mg L-1,

respectively, in Chinili (Table 4).

Arsenic in rice

The presence of As in food especially rice samples

from West Bengal region and its health effects are

known (Guha Mazumder et al. 2012; Das et al. 2012;

Santra et al. 2013; Rahaman et al. 2013). During

survey of the two villages, rice samples (grains of total

five rice varieties) were also collected, which were

being consumed by the people. Among these varieties,

Gosai was the most consumed variety by local

residents. This is due to high yield of Gosai, as well

Fig. 2 Arsenic concentration (mg kg-1 DW) at three different

depth of soil (0–5 cm, 5–10 cm and 10–15 cm) at Sarapur and

Chinili soil from three different sites. All the points are

represented as mean value of triplicate data ± standard

deviation (SD). ANOVA significant at p B 0.01

Fig. 3 Percentage arsenic in different fractions analysed in

sequential extraction analysis of three soil samples collected at

Sarapur and Chinili. Fractions denote, (1) Exchangeable form,

(2) Carbonate bound, (3) Fe-Mn oxide bound, (4) organic matter

bound, and (5) residual fraction
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as its favourable taste (as per the response of local

residents). The average concentration of As in Gosai

was 0.95 mg kg-1 (Fig. 4a–e). Satabdi was another

popular variety among the local people that showed an

average concentration of 0.79 mg kg-1 (Fig. 4a–e).

Other three varieties included Banskathi, Kunti and

Ranjit; the contribution of these varieties in daily diet

of local residents was less as these were not frequently

consumed. The average concentration of As in Ban-

skathi (0.60 mg kg-1), Kunti (0.47 mg kg-1) and

Ranjit (0.29 mg kg-1) was lower than that of Gosai

and Satabdi. The level of As in the analysed grain

samples was higher than the safe As limit of

0.2 mg kg-1 set by WHO. No villager consumed a

single variety of rice throughout the year and all five

tested varieties were being consumed during different

times. In some cases, persons belonging to one house

were consuming different rice varieties as per their

preferences.

Medical conditions of local residents

The medical conditions encountered among local people

included skin lesions and hyperkeratosis, lungs and

breathing related problems as well as nervous problems.

Natives were also observed for any visible superficial

effect of As exposure. Many significant skin related

symptoms like dermatosis, keratosis and hyperpigmen-

tation were noticed (Fig. 5; Table 5). The visible

symptoms of As exposure in natives suggested that they

had been exposed to As for long duration.

Discussions

The aquifers of the Bengal Delta are known to be

contaminated with As. However, the As level in

aquifers and distribution of contaminated aquifers is a

highly variable phenomenon (Fendorf et al. 2010).

The total As concentration in Chinili soil was higher

than that in Sarapur soil. This may be attributable to

higher As concentration detected in water samples of

Chinili than that of Sarapur (Fig. 1). It is known that

high amount of water usage for irrigation purposes

leads to build up of As in paddy soil and consequently

in rice plants (Shrivastava et al. 2014). It is quite

possible that farmers of Chinili and Sarapur might be

using variable amount of water for irrigation purposes

in their fields that may also lead to different total As T
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build up in soil (Neumann et al. 2011). The top layer of

soil (0–5 cm) in both Sarapur and Chinili had higher

As concentration than the lower layers (5–10 and

10–15 cm). The application of groundwater for irri-

gation in Boro season (winter season) is done for 2–3

times. This leads to repeated cycles of flooded and dry

conditions in the field that results into a greater built up

of As in the top soil layers of 0–5 cm (Barla et al.

2017). The soil of the selected area was characterized

in an earlier study (Sarkar et al. 2017) that found the

soil to be silty-clay in nature. Such type of soil can

retain water in the surface layers for long durations and

hence causes As to concentrate mostly in the top soil

(Sarkar et al. 2017).

Among the As fractions obtained through sequen-

tial extraction of soil, first two fractions, exchangeable

and carbonate bound, are considered to be more

responsive to redox changes and As available in these

fractions becomes easily mobile in the aqueous state

and consequently becomes available to the plants

(Majumdar et al. 2018). Other three fractions hold As

stringently and hence, As contained in these fractions

is not available to the plants (Majumdar et al. 2018). A

higher percentage of bioavailable As was found in S-2

and S-3 in Chinili while at S-1 in Sarapur. It is well

known that soil properties like pH, ORP and OM

significantly affect As mobility and bioavailability in

the soil via effects on As chemistry, As adsorption/

desorption, and redox conditions of soil (Wang and

Mulligan 2006; Majumdar and Bose, 2017; Barla

et al. 2017). However, the relationship of pH, ORP and

OM with As in soil is a complex phenomenon that

produces variability in As levels within a field or

locality and across large areas (Anwar et al. 2013;

Barla et al. 2017). The adsorption of arsenate (AsV) in

silty-clays soil is maximum at low pH which decreases

quickly at neutral or alkaline pH (Strawn 2018;

Gersztyn et al. 2013). Further, pH and ORP have

opposite effects on As mobility and bioavailability in

soil (Barla et al. 2017). The physico-chemical prop-

erties in Sarapur and Chinili showed a mixed pattern in

three sites (S1–S3). Hence, a specific reason for

variable As bioavailability at three sites could not be

ascertained. As suggested above, variable irrigation

frequency and amount of irrigation water in two

villages might affect not only the total soil As but also

soil chemistry and physico-chemical properties. This

needs to be studied in further research.

The differences in bioavailable As fraction in

Chinili and Sarapur were not reflected in significant

variation in As content in rice grain samples. This may

be due to the fact that As concentrations in rice grains

Table 4 Physico-chemical properties of groundwater samples collected Sarapur and Chinili

Sarapur Chinili

Sampling no. pH EC (lS cm-1) CO3
-2 HCO3

- pH EC (lS cm-1) CO3
-2 HCO3

-

1 8.16 ± 0.02 281 ± 1.69 77 ± 4.96 169 ± 5.71 7.97 ± 0.04 309 ± 6.54 89 ± 5.88 203 ± 5.35

2 7.99 ± 0.16 277 ± 9.39 71 ± 4.92 179 ± 2.44 7.92 ± 0.04 309 ± 5.09 82 ± 2.94 198 ± 4.89

3 8.13 ± 0.01 278 ± 10.62 71 ± 5.30 183 ± 4.64 8.12 ± 0.01 315 ± 6.48 84 ± 3.55 211 ± 6.37

4 8.19 ± 0.04 278 ± 3.20 72 ± 5.43 177 ± 5.09 7.97 ± 0.01 309 ± 5.71 89 ± 3.29 192 ± 4.96

5 8.13 ± 0.01 283 ± 6.18 73 ± 3.26 174 ± 2.94 7.91 ± 0.04 317 ± 8.60 82 ± 2.82 198 ± 4.96

6 7.89 ± 0.01 286 ± 6.18 79 ± 4.89 173 ± 2.44 8.08 ± 0.03 304 ± 1.24 81 ± 4.96 199 ± 6.37

7 8.28 ± 0.10 286 ± 10.82 83 ± 3.68 173 ± 6.01 7.84 ± 0.02 298 ± 8.64 83 ± 4.08 214 ± 5.88

8 8.31 ± 0.05 277 ± 9.94 81 ± 5.71 177 ± 9.79 7.89 ± 0.01 299 ± 9.20 82 ± 5.35 205 ± 4.24

9 7.83 ± 0.04 280 ± 11.35 68 ± 2.44 178 ± 8.98 7.87 ± 0.11 316 ± 5.90 81 ± 4.32 204 ± 4.32

10 7.92 ± 0.02 280 ± 13.97 68 ± 3.85 162 ± 3.68 7.82 ± 0.01 309 ± 5.13 88 ± 4.08 206 ± 3.55

11 7.99 ± 0.08 280 ± 8.23 79 ± 4.49 169 ± 5.71 7.81 ± 0.02 313 ± 7.36 83 ± 2.44 207 ± 2.16

12 8.00 ± 0.07 279 ± 6.94 77 ± 1.69 178 ± 2.44 7.81 ± 0.03 307 ± 5.71 81 ± 2.16 205 ± 3.74

13 8.13 ± 0.11 280 ± 7.34 84 ± 3.26 181 ± 5.09 7.99 ± 0.17 299 ± 7.78 93 ± 5.71 204 ± 4.32

14 7.84 ± 0.14 278 ± 3.39 81 ± 2.05 167 ± 3.39 8.11 ± 0.06 298 ± 9.27 79 ± 2.16 201 ± 2.82

15 7.91 ± 0.06 274 ± 6.64 79 ± 6.94 168 ± 3.26 8.01 ± 0.04 305 ± 4.54 90 ± 3.26 191 ± 4.96

All the values are means of triplicate ± SD. ANOVA significant at p B 0.01. The EC values are in lS cm-1 and carbonate and

bicarbonate values are in mg Kg-1
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are dependent on irrigation regime (Spanu et al. 2012),

environmental factors (Williams et al. 2006; Rahman

et al. 2011; Awasthi et al. 2017) as well as rice

genotypes (Bhattacharya et al. 2010; Duan et al.

2017). In our study, rice grain As concentration was

found to be higher as compared with some previous

studies in Bengal Delta region (Rahman et al. 2009;

Rahaman et al. 2013). The As concentrations have also
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Fig. 4 a–e Arsenic concentration (mg kg-1 dw) in rice grains of five different varieties collected from local residents at Sarapur and

Chinili. All the values are means of triplicate ± SD. ANOVA significant at p B 0.01
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been found to vary in field and market based studies

(Meharg et al. 2009; Rahman et al. 2011; Williams

et al. 2007) with a maximum level of 1.835 mg kg-1

reported by Meharg and Rahman (2003). However, As

usually remains below 1.0 mg kg-1. To have an

assessment of As exposure to local residents, the

consumption data of water and rice was used to

calculate daily average As intake (Davis et al. 2017).

The amount of rice consumption ranged from 0.5 to

3.5 kg per day in Sarapur and 0.5 to 7.5 kg per day in

Chinli for a family and from 0.142 to 0.700 kg per day

per person in Sarapur and 0.142 to 0.750 kg per day

per person in Chinili (Supplementary Table 1). Thus,

rice constituted the major constituent of diet of local

rural people. In fact, rice has been recognized as

predominant exposure route to As for humans in

earlier studies also (Khan et al. 2009). Hazard quotient

(HQ) is an important parameter to calculate risk for a

specific hazardous chemical/metal and can also be

correlated to age of affected people (Rasheed et al.

Fig. 5 Images of local residents at Sarapur and Chinili showing symptoms of arsenic toxicity

Table 5 The number of patients found during survey analysis at Sarapur and Chinili in Nadia

S. no. Types of diseases No. of total patient found Male patients Female patients

1. Skin related 25 18 7

2. Lung related 14 9 5

3. Kidney and bladder related 1 _ 1

4. Nervous system related 11 3 8

5. Tumour related 2 1 1

6. Heart related 2 2 –

The patients showing different symptoms or known to have certain disease are categorized
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2018; Shibata et al. 2016; Singh and Ghosh 2012). The

calculation of HQ was found more than 1 in all age

groups and indicated a negative correlation

(R2 = - 0.647; P B 0.05) with age group distribution

as presented in Fig. 6. It suggests that toddlers and

children had a greater risk of As poisoning, which is

similar to reported in earlier studies (Shibata et al.

2016; Singh and Ghosh 2012). Rice is regularly a

baby’s first solid food since long time in India and

other parts of world too. The children get exposed

regularly to As through rice apart from other sources

including mother’s milk (Karagas et al. 2016). Further,

children and babies usually consume more food with

respect to their total body weight as compared to adult

people and hence, As load per kilogram of body

weight becomes higher in children than in adult people

(Upadhyay et al. 2018; Meharg and Zhao 2012).

It was noticed in the survey that older people used

to consume the groundwater or pond surface water

more commonly than younger ones. During the

survey, female volunteers confirmed that drinking,

cooking, bathing, washing clothes, and other house-

hold applications are fulfilled by surrounding tube

well water; the main source of contamination. Some

previous studies showcased that cooking process may

effectively reduce significant part of As from the rice

grains (Sengupta et al. 2006; Carey et al. 2015). But

this is possible when water used for cleaning and

cooking has no or very low As. In the study area, the

traditional process of rice cooking was common that

uses large amount of water for cooking, which may

further increase the As content in the cooked

rice (Roychowdhury et al. 2002). The subjected study

area has been suffering for a long period of time due to

high As contamination in ground water (Chowdhury

et al. 2000; Nickson et al. 2000) and such condition

may deteriorate human health (Das et al. 1995). In the

survey, skin related problems were noticed. In addi-

tion, other As associated symptoms were also found to

be present like respiratory problems involving pul-

monary issues and muscle constriction with nerve

strain. The primary health impact of As can be

observed on skin in the form of roughening and lesions

(Milton and Rahman 1999; Maity et al. 2012). Arsenic

exposure may cause Diabetes, cardiovascular dis-

eases, nervous system disorders and even cancer. The

effect of As are mediated via direct interaction with

biomolecules and through impact on DNA repair

mechanism, DNA methylation and histone post-

translational modifications (Upadhyay et al. 2018;

States et al. 2011). A very few of the volunteers were

educated enough to know about these effects of As in

humans, its presence in water, soil and food and its

possible consequences. Most of the natives possessed

just a superficial idea about As problem that was

basically not sufficient for them to become more

cautious. The villagers were unaware of agronomi-

cally feasible practices like less water use for irrigation

and appropriate rice cultivars/varieties that accumu-

late less As. Further, farmers were also not aware that

more washing steps and less water use for cooking

may reduce As concentration in cooked rice; Mostly,

participants were aware about the term As without

knowing its negative impact on soil health, crop

production and quality, and human health.

Fig. 6 Correlation analysis

between hazard quotient

(HQ) and average age

distribution

123

2392 Environ Geochem Health (2019) 41:2381–2395



Conclusions

The study demonstrated the presence of very high As

concentrations in water, soil and rice grain samples

from the two villages, Sarapur and Chinili. It was

clearly evident that people were mostly unaware of As

related negative health impacts and were commonly

consuming groundwater and locally grown rice grains

in their daily routine. Further, a few people were also

having symptoms of As toxicity. The study, therefore,

demonstrated an alarming lack of awareness and basic

knowledge level required to tackle a widespread

problem like As. Thus, this study proposes that regular

monitoring, and awareness campaigns along with

other remedial measures must be exercised to safe-

guard people against As.
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