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Abstract
Arsenic (As) is a nonessential and toxic metalloid found in sediments, soils and aquatic environments. The contamination of As
is a serious problem in South and Southeast Asia threatening the health of millions of people. In this study, 71 soil samples were
collected from agricultural �elds from Bihar, India situated in the middle Gangetic basin to understand the status of As
contamination. The 71 samples from Bihar were taken from three districts; Buxar (n = 21), Bhojpur (n = 34) and Patna (n = 16).
Arsenic concentration in soil samples was determined by the wavelength dispersive X-ray �uorescence (WD-XRF) method. The
pH, oxidation reduction potential (ORP), organic matter (OM) and cation exchange capacity (CEC) of the samples were also
analysed. The mean and range of As concentration were found to be 16.72 mg kg− 1 (13.9–19.4 mg kg− 1), 17.18 mg kg− 1 (13.9–
21.1 mg kg− 1) and 17.16 mg kg− 1 (14.8–20.5 mg kg− 1) in Buxar, Bhojpur and Patna, respectively. Of the 71 samples from Bihar,
�ve samples had As levels equal to or higher than the maximum permissible limit i.e. 20 mg kg− 1 for agricultural soil. These �ve
samples were taken from the village of Salempur, Benwaliya, Gundi, Daulatpur and Katesar. To assess the contamination level,
various indices like contamination factor, ecological risk assessment and geoaccumulation index were calculated, which
indicated “moderate to high” As contamination in the studied areas. The study provides information about the As contamination
scenario in middle Gangetic basin and proposes to conduct more comprehensive surveys to understand As contamination in the
hugely populated state of Bihar.

Introduction
Arsenic (As) is a well-known nonessential, toxic and carcinogenic metalloid that occurs naturally in soil, aquifer and sediments.
The problem of As contamination is widespread in countries like India, Bangladesh, Thailand, Taiwan, China, Argentina, Mexico,
Italy, Japan, and United State of America etc. (Shaji et al. 2020; Sanjrani et al. 2019). Arsenic poisoning poses a health threat to
approximately 300 million people worldwide (Srivastava et al. 2022; Kumar et al. 2021). The source of As contamination of
groundwater is either geological or anthropogenic (Shukla and Srivastava 2019; Ravindra and Mor 2018). In South and
Southeast Asia, natural biogeochemical processes have been the main cause of contamination of groundwater with As, however,
anthropogenic impacts have made the As poisoning worse (Srivastava et al. 2022; Kumar et al. 2021). Drinking water, food and
air are the major contributors of As exposure in humans (Awasthi et al. 2017; Mandal et al. 2019, Shukla et al. 2020). Rice is a
major source of food in Asian countries and hence the accumulation of As in rice in this region has been marked as a serious
threat (Upadhyay et al. 2019a; Yadav et al. 2021). Prolonged As exposure to humans can even cause ailments like skin, lungs,
kidney and liver cancer, hyperpigmentation, and keratosis (Golui et al. 2017; Shikawa et al. 2019). The availability of As in the soil
is in�uenced by the soil texture, pH, organic matter, redox process, anion and cations (silicate, sulphate, nitrate) present in the soil
(Mandal et al. 2019).

The Indian state of Bihar, located in the middle Gangetic basin, faces the problem of As contamination. Groundwater and soil
have been found to be contaminated with As in recent studies (Shukla et al. 2020; Kumar et al. 2021). Groundwater acts as the
source of drinking water for the large population of Bihar and therefore, the size of the population prone to As toxicity is also
high. Before 1980s, the use of groundwater as main source of drinking water was considered safe compared to an open well.
However, lately the As contamination in the states lying in Gangetic plains has increased manifold due to the increase in
anthropogenic activities and consequent disturbances to natural biogeochemical processes. Out of 38 districts, people living in
22 districts of Bihar are supposed to be affected with As toxicity due to intake of contaminated groundwater (Chakraborti et al.
2018; Shukla et al. 2020; Mondal et al. 2020). Based on therecent study, the major districts of Bihar seriously affected by As are
Buxar, Katihar, Lakhisarai, Saran, Vaishali, Bhojpur, Samastipur, Begusarai, Bhagalpur, Khagaria, and Munger (Kumar et al. 2021;
Singh 2015). Due to groundwater contamination in Maner block of Patna, not only soil but food items have also become
contaminated with As (Mandal et al. 2019; Singh and Ghosh 2012). In a recent study by Tyagi et al. (2020), signi�cant As
accumulation was reported in rice grains and rice-based food products (chuda and laiya) from Patna, Bihar and health hazards
and carcinogenic risks were found to be higher than recommended safe limits. Considering the lack of survey of large parts of
Bihar, the present work was planned to determine the level of As in the agricultural lands of the Gangetic plains in Bihar to get
recent status of As contamination.

Materials And Methods
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Study area

The present sample study was conducted in three districts: Buxar: 25°34'29"N-83°58'43"E, Bhojpur: 25°33'47"N-84°40'17"E and
Patna: 25°36'8"N 85°7'10"E. All three districts are situated in the western part of the Bihar. This is the most fertile alluvial plain of
the Ganges at an average elevation of 65 meters above sea level. These areas receive about 85% of the total rainfall (800-850
mm) from the southwest monsoon (ESSO/IMD, 2020). Both non-irrigated and irrigated lands are used for agriculture. Rice, wheat,
gram and pulses are the main crops; vegetables are also grown abundantly in some parts.

Sample collection, preparation and analysis

The sampling was done in three different districts (Buxar, Bhojpur and Patna) of Bihar from February to March, 2020 (Figure 1).
Composite soil was collected at a depth of about 5-15 cm from the surface of arable areas from �elds situated close to the river
bank.  A composite sample (200-500 g) from each sampling site from 4-5 different points was taken. The aim was to ensure that
the composite sample better represents the selected �eld soil. The coordinates of the sites were noted via GPS (Gramin Oregon
650). To eliminate the moisture from the collected soil samples, the soil was dried in the sun for 4-5 days. The soil was crushed
and its gravel, organic debris and small stone pieces were removed by using a 2 mm sieve. Soil pH, EC,  and salt concentration
were determined in soil suspension prepared in the ratio of 1:2 (Soil-Water) with the help of Multi-Parameter (PCSTestrTM35
OAKlON UK). To �nd out the oxidation reduction potential (ORP) of soil, 1 g of soil was mixed with 10 ml of milli-Q water and
measured with the help of Aakiro Aquasol digital (AM-ORP-01) meter. The percentage of organic carbon and available
phosphorus in the soil samples were determined by the rapid titration method of Wakley and Black and Oleson method.

Wave Dispersive X-ray Fluorescence

WDXRF (Wave Dispersive X-ray Fluorescence) (S8 Tiger, Bruker, Mannheim, Germany) method was used for elemental detection.
The press pellet method was used for the analysis of As (Upadhyay et al. 2021). In the press pellet method, 1 g of boric acid
powder was mixed with 4 g of dried and sieved soil sample in a homogeneous manner. Round pellet form of soil samples was
formed with the help of the KBr (potassium bromide) press pellet machine. Analysis of these round pellet forms of samples in
XRF analyzer was done by X-ray beam with the help of existing automatic detector. To ensure qualitative accuracy, standard
reference materials (SRMs) and blanks were handled alongside the samples and were analysed in triplicates as per the details
given in Upadhyay et al. (2021). 

Risk assessment indices 

Contamination factor (CF)

The contamination factor has been widely used in many previous studies to determine the metal contamination level at the soil
surface (Jiang et al. 2018; Li et al. 2018a; Li et al. 2018b). CF is the ratio of the concentration of each metal in the soil to the
background value or baseline value of that metal in soil and it is calculated by the given formula:

CF = (CHM/CBV)                      (1)

where CHM and CBV indicate heavy metals concentration in soil and reference value/ background value of heavy metal in soil

respectively. The reference value for As was taken as 6.83 mg kg-1 (Rinklebe et al. 2019). According to CF value, contamination
level may be classi�ed as low (0>CF <1), moderate (1 ≦ CF < 3), considerable (3 ≦ CF < 6) and very high (CF > 6).

Potential ecological risk assessment

The potential ecological risk (PER) index based on the heavy metal concentration, sensitivity, toxicity, type and reference value
was proposed by Håkanson (1980). The risk index was used in this study to estimate the ecological hazards of HMs present in
the soil. The formulas are as follows:

Cf = CF = (CHM/CBV)                        (2)
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Er = Tr * Cf                                                  (3)

RI = ∑Er = ∑Tr * Cf                               (4)

Where the method of computing Cf is exactly the same as that of CF (see Eq. (1)), Er represents monomial potential ecological
risk factor and HM toxic response factor is denoted by Tr   (Hg=40, As=10, Cd=30, Cu=5, Pb=5, Ni=5, Cr=2, Zn=1) (Wang et al.
2018). As per PER, ecological risk can be categorized as low (Er ≤ 40), moderate (40 < Er ≤ 80), considerable (80 < Er ≤ 160), high
(160 < Er ≤ 320) and very high (320 < Er).

Geo-accumulation index (Igeo)

The soil accumulation index was calculated using the formula developed by Müller (1969), which reports the extent of metal
contamination in the soil (Kormoker et al. 2019; Islam et al. 2020).

Igeo = log2(Cm/1.5Bm) ………(5)

In the above equation, Cm is the concentration of the metal in the present soil sample and Bm is the background value of the
same metal. The factor 1.5 has been used with reference to possible variations in the background value. For the classi�cation of
various degrees of contamination level, total 7 classes the geo-accumulation index was reported.

Values Classes/Grades

Igeo< 0 Class 0 (nearly uncontaminated):

0 < Igeo < 1 Class 1 (uncontaminated to moderately contaminated)

1 < Igeo < 2 Class 2 (moderately contaminated)

2 < Igeo < 3 Class 3 (moderately to severely contaminated)

3 < Igeo < 4 Class 4 (severely contaminated)

4 < Igeo < 5 Class 5 (severely to extremely contaminated)

5 < Igeo Class 6 (extremely contaminated)

Health risk assessment

Oral intake is very important for the entry of As into the human body among ingestion, oral intake, dermal contact and inhalation.
In this study, the As non-carcinogenic risk assessment was done based on the average daily dose (ADD) and hazard quotient
(HQ) through soil only (Masood et al. 2019).

ADD = (EPC × IR × ED × EF)/(BW×AT) ………. (6)

EPC used in the formula denotes exposure point concentration (mg kg-1) in soil, ED exposure duration (assumed 70 years), EF
exposure frequency (365 day year-1; Tyagi et al. 2020), IR ingestion rate (100 mg day-1; USEPA 2011) for adult, BW body weight
(70 Kg; (USEPA 2005) and AT average period of exposure (25,550 days; Masood et al. 2019) respectively. An exposed population
is considered at risk when HQ is greater than one (Masood et al. 2019; Shahid et al. 2017). 

The ratio of ADD and RfD represents the hazard quotient (Masood et al. 2019; Shahid et al. 2017).

HQ=ADD/RfD ……….(7)
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where RfD is representing the reference dose (mg kg-1 d-1). The maximum permissible exposure to the human population is
estimated through daily exposures taking into account the vulnerable groups during the lifetime. For As, Rf D is considered as

0.0003 mg kg-1 d-1 (Tyagi et al. 2020). 

The carcinogenic health risk was assessed as Incremental Lifetime Cancer Risk (ILCR) by following (Tyagi et al. 2020). Using the
mean As concentration in soil, the ILCR was calculated by using the following formula.

ILCR = ADD × SF ……….(8)

SF is considered as slope factor. The SF is considered as 1.5 for As (USEPA 2017). As per USEPA (2001), the ILCR between 10−6

to 10−4 is considered to be within the safe limit.

Statistical analysis

Statistical Package for the Social Sciences for Windows (SPSS) version 16.0 and Microsoft O�ce Excel Version 16.0 (Microsoft
Corporation, Washington, USA) was used in the study for correlation analysis. To determine signi�cance in all tests signi�cance
level of 0.01 was used. Maximum, minimum, standard error, mean and median values were calculated. One-way ANOVA and
Tukey tests were performed to measure how signi�cantly the averages As content of samples collected from different regions
differed from each other.

Results And Discussion
The aquifers of West Bengal and Bangladesh are considered to be As contaminated. The distribution of contaminated aquifers
and the level of As in these aquifers is a variable phenomenon (Fendorf et al. 2010). It is known that the large amount of water is
required to irrigate the paddy crop, as a result of which As is also continuously added in the paddy soil and As accumulates in the
rice plants and grains through the soil (Shrivastava et al. 2014). Arsenic mobility in the soil is dependent on the soil
physicochemical parameters (Upadhyay et al. 2019b). The physical and chemical characteristics of the soil samples are shown
in Table 1. Based on the obtained results, the soil samples of the selected sites were mildly alkaline with pH 7.48 ± 0.5. The
average soil organic matter (%OM) content was found to be 1.18 in Buxar, 1.56 in Bhojpur and 1.97 in Patna soil sample. Thus,
after analyzing 71 soil samples from all three districts, a correlation was found between pH and soil organic matter (Fig. 2). In the
case of pH and ORP, the average pH was lowest for Patna samples and the maximum for Buxar samples, while the average ORP
was highest for Patna samples, followed by Bhojpur and Buxar samples. Based on this result, an inverse relationship could be
established between pH and ORP (Fig. 2). The average ORP was 248.86, 254.85 and 282.06 mV for Buxar, Bhojpur and Patna
respectively. The average cation exchange capacity of samples from three districts was 16.3, 17.78 and 12.39 meq per 100g of
soil, respectively. In this study, the average As concentration in 21 soil samples of Buxar, 34 from Bhojpur and 16 from Patna in
Bihar state was 16.72 mg kg− 1 (13.9–19.4 mg kg− 1), 17.18 mg kg− 1 (13.9–21.1 mg kg− 1), 17.16 mg kg− 1 (14.8–20.5 mg kg− 1)
respectively (Fig. 3).

Table 1: Mean, minimum, maximum values, standard deviation and coe�cient of variation (%) of various physicochemical
parameters of soil.
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Areas   pH OC
(%)

OM
(%)

ORP (mV) CEC
(meq/
100g)

EC (µS
cm-1)

Salt (mg kg-

1)
As
(mg
kg-1)

Avl P
(kg h-

1)

Buxar
(Bihar)
 (N=21)

Mean±SD 7.6±

0.55

0.68±
0.34

1.18±
0.59

248.86±28.7 16.73±

6.09

183.81±
51.55

74.09± 24.00 16.72±
1.62

38.88±
16.68

Minimum 6.22 0.18 0.32 211 0.39 88.7 51.2 13.9 6.94

Maximum 8.23 1.46 2.53 316 20.50 296 128 19.4 82.79

CV(%) 7.24 50 50 11.53 36.41 28.05 32.39 9.69 42.90

Bhojpur
(Bihar)
 (N=34)

Mean±SD 7.46±
0.53

0.90±
0.42

1.56±
0.72

254.85±21.15 17.78±
6.34

160.03±
60.28

65.52± 16.36 17.18±
1.8

47.57±
25.50

Minimum 6.4 0.18 0.31 213 0.16 65.2 39.1 13.9 18.39

Maximum 8.62 2.19 3.8 303 20.51 292 105 21.1 122.76

CV(%) 7.1 46.01 46.01 8.30 35.90 37.67 26.16 10.48 53.61

Patna
(Bihar)
 (N=16)

Mean±SD 7.38±
0.29

1.14±
0.52

1.97±
0.9

282.06±25.73 12.39±
9.03

170.8±
51.24

70.49± 27.04 17.16±
1.74

67.13±
35.52

Minimum 6.97 0.18 0.31 233 0.31 94.2 48.1 14.8 15.11

Maximum 7.78 2.29 3.97 320 20.55 261 90.1 20.5 135.64

CV (%) 3.93 45.98 45.98 9.12 43.94 30 38.36 10.14 52.91

The maximum permissible limit of As content for agricultural soil recommended by the European Union is 20 mg kg− 1. The
globally acceptable average As concentration for soil is 10 mg kg− 1 (Rahaman et al. 2013). The results obtained from the present
study revealed that the level of arsenic contamination in none of the 21 samples from Buxar district exceeded the permissible
limits of agricultural land. The 3 sample of Bhojpur and 2 sample of Patna had As contamination levels more than 20 mg kg− 1.
These 5 samples taken from the village of Salempur, Benwaliya, Gundi, Daulatpur and Katesar in Bihar had As concentration of
20.4 mg kg− 1, 20 mg kg− 1, 21.1 mg kg− 1, 20.4 mg kg− 1 and 20.5 mg kg− 1, respectively (Fig. 3). The coe�cient of variation (CV%)
of As ranged from 9 to 11% for Buxar, Bhojpur and Patna. The CF values were between 2 to 3 for 69 out of 71 samples, which
showed moderate contamination in soil. One sample of Bhojpur and one from Patna had CF value equal to 3, which indicates
considerable contamination level (Fig. 4A). Er value for Buxar, Bhojpur, and Patna was below 40 (20.35–30.89) indicating low risk
(Fig. 4B). In order to �nd out the contamination level in agricultural land at different locations, geo-accumulation index was
devised. Igeo was 0.44–1.04, 0.44–0.92 and 0.53–1.00 in samples obtained from Bhojpur, Buxar and Patna in Bihar, respectively
(Fig. 4C). Therefore, on the basis of Igeo, the soil samples showed moderate contamination. The values of Er, CF and Igeo are given
in supplementary �le 1.

It is well known As-soil geochemistry, such as bioavailability and mobility of As, depends on the soil redox state. The important
properties of soil, pH, ORP and organic matter affect the absorption/desorption of As (Wang and Mulligan 2006; Barla et al.
2017). In this study, interpolation was done by using Inverse Distance Weighting (IDW) technique to determine the distribution of
metal and organic matter at the sampling site, and how soil pH and ORP are related to As distribution. However, there was no
direct association of As concentration with pH, ORP and OM%. The variability of As levels within a �eld, region or a large area is a
complex phenomenon depending on the relationship with soil pH, ORP and OM (Anwar et al. 2013; Barla et al. 2017). Arsenic
adsorption in silt-clay soils declines ≥ pH 7 while in an acidic environment, As adsorption is greater (Strawn 2018; Gersztyn et al.
2013). Further, soil pH and ORP appear to have an adverse effect on the bioavailability and mobility of As (Barla et al. 2017).
Cation exchange capacity is a very important physical and chemical factor for agricultural soil. Soil organic matter, soil pH, soil
fertility, and the availability of nutrients in the soil to plants all have a signi�cant relationship with cation exchange capacity. CEC
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not only re�ects the properties of the soil surface, but it is also an indicator of fertilizer supply capacity in the soil, transport and
breakdown of pollutants in the soil (Yunan et al. 2018). The maximum mean CEC was found for the sample of Bhojpur while the
lowest for the Patna sample. ADD, HQ and ILCR were also calculated for Buxar, Bhojpur and Patna soil sample. All the values are
given in Supplementary File 1. The ILCR for the samples from Buxar, Bhojpur and Patna was 1.99–2.77×10− 5, 1.99–3.01×10− 5

and 2.11–2.93×10− 5, respectively. Similarly, the average HQ was 0.080, 0.082 and 0.082 for Buxar, Bhojpur and Patna,
respectively. The obtained results showed that the samples from 3 districts had HQ values less than one for As which was not a
threat in the exposed population. The value of ILCR ranged from 10− 6-10− 4, which was well within the safe limits proposed by the
USEPA 2001.

Conclusion
In conclusion, the present study highlighted moderate As contamination in studied districts. Further, there were no non-
carcinogenic and carcinogenic risks reported. However, the study proposes regular monitoring of the areas considering the
increasing As contamination in Gangetic plains of India. The sampling area in this study is primarily agricultural land, therefore,
regular monitoring of groundwater which is a main source of irrigation, should also be done for As content. There are two
sampling sites in Bhojpur and Patna, having CF values equivalent to 3, indicating a high As contamination load. Therefore, the
Gangetic basin in Bihar needs regular monitoring and control measures to prevent this problem from turning into uncontrollable
havoc.
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Figures

Figure 1

Geographical location of the study area (Buxar, Bhojpur and Patna in Bihar) chosen as sampling site in the middle Gangetic
basin for collection of soil samples.

Figure 2
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Spatial distribution of arsenic in soils and physical characteristics of soils samples collected from Buxar, Bhojpur and Patna
districts of Bihar.

Figure 3

Arsenic concentration (mg kg-1)in soil samples collected from agricultural �eld located in middle Gangetic basin in Bihar. All
values are mean of triplicates ± S.D. One way ANOVA signi�cant at p ≤ 0.01. Different letters indicate signi�cant differences
between As concentration of various sample.

Figure 4

Box plot showing the contamination factors (CFs) (A), potential ecological risk factors (PER) (B), and geoaccumulation index (C)
of arsenic in soils at different sampling location.
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