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Abstract 30 

Fast growing arsenic menace is causing serious health hazards in Bihar, India, with an 31 

estimated 10 million people at risk. The exposed population is often unaware of the problem, 32 

which only amplifies the burden of arsenic health effects. In the present study, we have assessed 33 

the current situation of arsenic exposure in Chapar village of Samastipur district, Bihar. The 34 

health of the inhabitants was assessed and correlated with (1) arsenic concentrations in the 35 

groundwater of individual wells and (2) arsenic concentration found in their hair and urine. 36 

Altogether, 113 inhabitants were assessed, and 113 hair, urine and groundwater samples were 37 

collected. The health study reveals that the exposure to arsenic has caused serious health hazard 38 

amongst the exposed population with pronounced skin manifestations, loss of appetite, 39 

anaemia, constipation, diarrhoea, general body weakness, raised blood pressure, 40 

breathlessness, diabetes, mental disabilities, diabetes, lumps in the body and few cancer 41 

incidences. It was found that 52% of the total collected groundwater samples had arsenic levels 42 

higher than the WHO limit of 10µg/L (with a maximum arsenic concentration of 1212 µg/L) 43 

and the reduced arsenite was the predominant form in samples tested for speciation (N=19). In 44 

the case of hair samples, 29% of the samples had arsenic concentrations higher than the 45 

permissible limit of 0.2mg/Kg, with a maximum arsenic concentration of 46µg/L, while in 20% 46 

exposed population, there was significant arsenic contamination in urine samples >50µg/L. In 47 

Chapar village, the probability of carcinogenic related risk in the exposed population 48 

consuming arsenic contaminated water is 100% for children, 99.1% for females and 97.3% for 49 

male subjects. The assessment report shared to the Government, enabled the village population 50 

to receive two arsenic filter units. These units are currently operational and catering 250 51 

households providing arsenic free water through piped water scheme. This study therefore 52 

identified a significant solution for this arsenic-exposed population. 53 

 54 

Keywords: Arsenic exposure, Chapar village, Disease burden, Gangetic plains, Health 55 

assessment, Cancer risk, Hazard quotient (HQ), mitigation initiative. 56 

 57 

  58 



Introduction 59 

It is estimated that arsenic poisoning of groundwater is affecting more than 300 million people 60 

worldwide, 70 million of them being in India alone (Hassan 2018). India is a vast country, with 61 

two major river basins – Ganga- Meghna- Brahmaputra (GMB) (Acharyya et al., 2000; 62 

Chakraborti et al., 2004; Gupta et al., 2015; Mahanta et al., 2015; Mukherjee et al., 2006; Saha 63 

et al. 2011; Shah, 2012; Singh et al., 2014). The Himalayan bound rivers are the major carrier 64 

of arsenic laden sediments in these river basins, which are contaminating the groundwater 65 

(Chakraborty et al., 2015; Guillot and Charlet, 2007; Mukherjee et al., 2014) with high levels 66 

of arsenic. In India, the Ganga river basin is highly populated. The upper Gangetic plains 67 

consists of states – Uttrakhand and Uttar Pradesh, the middle Ganga plains - Bihar and the 68 

lower Ganga plains – West Bengal (Ahamed et al., 2006; Chakraborti et al., 2003, 2016; 69 

Katiyar and Singh, 2014; Rahman et al., 2019a; Sanz et al., 2007). In the state of Bihar alone, 70 

with a total population of c.a. 105 million (Census, 2011), about 10 million people are exposed 71 

to arsenic poisoning (Hassan, 2018).  72 

Bihar is adequately represented by the Gangetic plain and is under moderate to thick cover of 73 

alluvium. Out of the 38 districts, 18 of them are affected by high arsenic levels. Although the 74 

WHO permissible arsenic limit is 10µg/L for drinking water worldwide, the exposed 75 

population in the Gangetic plains of the state are drinking water with arsenic concentrations as 76 

high as 2 mg/L, i.e. 500 times higher than the recommended limit (Kumar et al., 2016, 2021a). 77 

This high intake of arsenic over prolonged periods is causing skin manifestations (melanosis, 78 

keratosis, rain drop pigmentation, etc.) and a suite of health problems (anaemia, loss of appetite, 79 

asthma, constipation, diarrhoea, muscular dystrophy, hormonal imbalances, neurological 80 

disorders, loss of mental health etc.) possibly leading to cancer and cancer related death 81 

(Abhinav et al., 2016; Kumar et al., 2015, 2016, 2019a, 2020, 2021a, 2021b, 2021c, 2021d; 82 

Rahman et al., 2019b). 83 

The present study investigates the village Chapar of Samastipur district (Bihar state) where 84 

arsenic contamination is high, and the overall health condition of the exposed population is 85 

poor. This study evaluates arsenic levels in groundwater with the arsenic concentration in hair 86 

samples of the exposed population. This study also investigates the health and cancer risk 87 

assessment of the entire village. 88 

 89 



Materials and Methods  90 

Location and sample size 91 

The present study was undertaken at Chapar village of Samastipur district, Bihar, India 92 

(25°33'3.90"N 85°39'53.25"E). The village is in the vicinity of river Ganga with a distance of 93 

mere 6 Kms. In 2011, the village consisted of 250 households and 3,600 inhabitants, 1,982 94 

(55%) being male and 1,618 (45%) female (Census, 2011). In many cases, the households were 95 

close to each other with their hand-pumps being less than 10 feet apart. Hence, it was decided 96 

in this study to select households that were sufficiently distanced from each other; an 97 

approximate distance of 50 m was applied. In total, 113 households (c.a. 45%) were selected, 98 

113 hair, urine and 113 groundwaters samples were collected.   99 

Determination of arsenic concentration and speciation in groundwater samples 100 

 The water samples were collected in 500 ml polypropylene bottles that were thoroughly 101 

cleaned with distilled water and pre-treated with 2% hydrochloric acid. The depth of each 102 

handpump was obtained from the handpump owner. Arsenic total concentrations were 103 

measured by Graphite Furnace Atomic Absorption Spectrophotometer (Pinnacle 900T, Perkin 104 

Elmer, Singapore) at Mahavir Cancer Institute and Research Centre, Patna, Bihar. Speciation 105 

was carried out on 19 of the 113 samples; it consisted in the determination of arsenite As(III) 106 

and total inorganic arsenic (As(III) + As(V)) by the analytical technique of voltammetry at a 107 

gold wire electrode.  108 

Water samples used for speciation analysis were collected on 28th May 2019 from 19 different 109 

hand pumps of the most severely affected part of the village. Most samples (13/19) were filtered 110 

(Millipore syringe, 0.2 um filter) but the remaining 6 were not (all collected solutions were 111 

clear) due to a lack of filters on the fieldwork day. All samples were acidified to pH 2 (addition 112 

of 100 uL 6 M HCl in 50 mL solution) immediately after collection to prevent any precipitation. 113 

Voltametric analysis was carried out using the portable PDV6000 potentiostat (Modern Water, 114 

UK) along with similar methods as used previously (Bullen et al., 2020), albeit slightly 115 

different. Briefly, a three-electrode cell was used with a Ag/AgCl/KCl (3M) reference 116 

electrode, a platinum counter electrode and a manufactured gold microwire electrode (6 mm 117 

long, 30 um diameter). Determination of both As(III) and total arsenic was made by anodic 118 

stripping voltammetry using linear scan voltammetry (8 V/s, 2 mV step) and the method of 119 

standard additions. For total arsenic, the sample was diluted in 0.1 M HCl and a deposition 120 

potential of -1.2 V was used. Dilution factor was between 10 and 200 times while deposition 121 



time was between 5 and 30s. As(III) was determined in a similar manner (dilution in 0.1 M 122 

HCl) but using a deposition potential of -500 mV and in presence of 5 ppm ascorbic acid 123 

(Sigma-Aldrich, UK). The latter is an anti-oxidant efficient in preventing As(III) oxidation by 124 

any chlorine possibly generated during the electrochemical measurement, (Salaün et al., 2007) 125 

similarly to hydrazine that was previously used (Salaün et al., 2012). For As(III) determination, 126 

dilution factors were between 10 and 200 and deposition times were low, either 3 or 6s.  For 127 

both total arsenic and arsenite determination, triplicate scans were made for the blank (i.e. 128 

diluted original sample) and after each standard addition (2 additions). Using those conditions 129 

(LSV, 8 V.s-1, 0.1 M HCl), the arsenic peak potential was at c.a. +150 mV. The arsenic peak 130 

height was used for quantification. Samples were all analysed within 48h of collection and no 131 

differences in the overall shape of the voltammograms were observed between filtered and 132 

non-filtered samples. 133 

Determination of arsenic concentration in hair samples 134 

The hair samples of 113 subjects (one from each household) were collected in zipper 135 

polyethylene bags.  Arsenic determination was done as per the protocol of (NIOSH, 1994).  136 

Briefly, 100mg of hair samples were first weighed in a 50ml acid washed glass beaker before 137 

the addition of 15ml of 0.1% sodium dodecyl sulphate (SDS) solution; the mixture was 138 

sonicated for 10 min and 15ml of acetone was added for the final dehydration step. The hair 139 

samples were then transferred to a 50ml glass beaker before addition of 10ml of Conc.HNO3; 140 

the mixture was left for overnight reaction. The following day, the samples were digested on a 141 

hot plate (at 90oC -120oC) and the volume was adjusted to ~3ml. To this solution, 1ml of H2O2 142 

was added and redigested on the hotplate at 90oC- 120oC, until the volume reached to 2.5ml. 143 

The solution was finally adjusted with distilled water to make a 10ml final solution and filtered 144 

it on Whatman filter paper no.41. The final reading was taken on Graphite Furnace Atomic 145 

Absorption Spectrophotometer (GF-AAS). The normal range of arsenic contamination in hair 146 

is up to 0.2mg/Kg (Chakraborti et al., 2016). 147 

Determination of arsenic concentration in Urine samples 148 

Urine samples from 113 individuals (one per household) were collected in polypropylene urine 149 

containers.  The determination of arsenic was conducted in accordance with the protocol of 150 

(NIOSH, 1994).  After collection, all urine samples were digested using HNO3 concentrate 151 

(Merck analytic quality 69%) on a hot plate, and arsenic was estimated by Graphite Furnace 152 

Atomic Absorption Spectrophotometer (GF-AAS) (Pinnacle 900T, Perkin Elmer, Singapore) 153 

at Mahavir Cancer Sansthan and Research Centre, Patna, Bihar. Urine samples were collected 154 



as 0.5 ml aliquots in a 30 ml conical flask and 5 ml of HNO3 were added and left for overnight 155 

reaction. The samples were then digested on hotplate at 90°C - 120°C until the sample reached 156 

to 3 ml. Then 5ml mixture of HNO3:HClO4 (6:1) (HClO4 - Merck analytical grade 70%) was 157 

added to the solution and again re-digested on hotplate until the volume reached to about 2ml. 158 

Final volume was adjusted to 10ml with 1% HNO3. The solutions were filtered through 159 

Whatman filter paper no.41 and analysed through GF-AAS. The normal range of arsenic 160 

contamination in human urine ≤ 50 µg/L as above this level it might have high health risks 161 

(ACGIH, 2001). 162 

 163 

Quality control 164 

The arsenic standard (1000µg/L) was from PerkinElmer Singapore (CAS no. As 7440-38-2; 165 

Lot no. 20-85ASX1; PE no. N9300102) and standard stock solutions were prepared by 166 

appropriate dilution. The calibration correlation coefficient was maintained at 0.999 throughout 167 

the analysis period. The detection limit of arsenic in water samples, urine samples and hair 168 

samples were 0.04µg/L, 0.09µg/L and 0.08µg/Kg respectively. 169 

Health survey 170 

The health assessment survey of the exposed population was done through a health survey 171 

typed questionnaire proforma. A total of 2,816 household members available during survey 172 

were interviewed. Data related to age, sex, health problems, number of members in the family, 173 

number of children, age of the family members suffering from any disease and photographs of 174 

the disease manifestations were recorded. Other data related to their handpump depth, duration 175 

of usage of contaminated water by them were also recorded. To determine the exact location 176 

of the handpump, the handheld Global Positioning System (GPS) receivers (Garmin etrex10, 177 

USA) with an estimated accuracy of ≈ 10m was utilised.  178 

 179 

Health Risk Assessment 180 

The magnitude and duration of human exposure to any toxic metal are typically reported as 181 

average daily dose (ADD, mgAs/(kgbodyweight.day)) (USEPA, 2014) as expressed in equation (1),  182 

ADD = (C x IR x EF x ED)/ (BW x AT)   (1) 183 

where, C is the Arsenic (As) concentration in the groundwater (mg/L) 184 

IR is the daily water intake rate (L/day), 185 

EF is the exposure frequency (365 days/year), 186 

ED is the duration of exposure in years, 187 



BW is the body weight of exposed individuals (kg), and  188 

AT is the average time (in days). 189 

Health risk for non-carcinogenic exposure is calculated as a hazard quotient (HQ). HQ is 190 

defined as the ratio of the potential exposure to a level at which no adverse effects are expected. 191 

It is mathematically expressed as follows: 192 

HQ = ADD / RfD   (2) 193 

In this equation, RfD is the oral reference dose for arsenic (0.3 μg/kg/day) (USEPA, 2012). A 194 

non-carcinogenic effect is considered to be possible if the HQ is calculated to be greater than 195 

1. If the calculated HQ is1 or below, then no hostile health effects are predictable as a result of 196 

exposure. 197 

The following equation (USEPA, 2012) was employed to calculate carcinogenic risk (CR): 198 

CR = ADD x CSF   (3) 199 

In above equation, CSF is the arsenic cancer slope factor (1.5 mg/ kg/day) (US-EPA 2012). CR 200 

values ≤ 1 × 10!"are tolerable menace levels. 201 

 202 

Spatial analysis 203 

 GPS coordinates were superimposed using QGIS software (version 3.10.1-A Coruna), shape 204 

file was created, and Google map was used as base map. Groundwater arsenic contamination 205 

was grouped into 3 classes: ≤10, 10-50 and >50μg/L, whereas, the hair arsenic concentration 206 

data was grouped into 2 classes: ≤0.2 and >0.2mg/Kg. Simple A3 landscape layout was chosen 207 

for the thematic map output. Moreover, kernel density maps of the symptoms were created 208 

with R version 4.0.3 (R Core Team, 2020) with the “density.ppp” function of the package 209 

“spatstat” version 2.1.0 (Baddeley et al., 2015). The symptom occurrence locations were used 210 

to derive the density of the symptom for a given area based on the kernel smoother. The 211 

estimation was implemented using an isotropic Gaussian kernel and the selected bandwidth by 212 

the Stoyan’s rule of thumb, which determines the smoothness of the density function. 213 

Statistical analysis  214 

 All the data were analysed using the statistical software GraphPad Prism 5.0 and the values 215 

were expressed as Mean ± SEM. Differences between the groups were statistically analysed by 216 

one-way analysis of variance (ANOVA) using the Dunnett’s test while scattered graphs were 217 

plotted through another statistical software IBM SPSS- 25.0 using linear regression analysis.  218 

 219 



Results 220 

Groundwater arsenic assessment in Chapar village 221 

Out of the 113 water samples, 52% of them had arsenic levels above 10µg/L and 32% above 222 

50µg/L, while 48% samples had arsenic concentration with in the normal range i.e below 223 

10µg/L. The maximum arsenic concentration was found at 1212 µg/L (Figure 1A).  224 

The inorganic arsenic speciation determined in 19 water samples revealed that the proportion 225 

of As(III) varied between 41 and 110% of total arsenic, with an average of 75 ± 18% (average 226 

± standard deviation). This proportion of As(III) was not dependent on total concentrations:  227 

for samples with total As in the range 10-50 ppb (N =3), As(III) represented 79 ± 18% of the 228 

total arsenic; for 50-100 ppb (N=4), 86 ± 24%; for As 300-600 ppb (N = 4), 78 ± 13% and for 229 

total As > 600 ppb (N=8), As(III) represented 66 ± 18%. Arsenite was thus the predominant 230 

species in the groundwater, similar to other studies carried out e.g. in West Bengal and 231 

consistent with the reducing conditions thought to occur in these regions (Bullen et al., 2020).  232 

It was also found that there was no differences in As(III) levels obtained in filtered and non-233 

filtered samples (N=2).  234 

Total Arsenic concentrations in hair samples of village people 235 

Similar to water samples, arsenic concentrations in the 113 hair samples varied significantly: 236 

71% of the samples had concentrations below the permissible limit of 0.2mg/Kg (and therefore 237 

29% hair samples >0.2mg/Kg). The maximum hair arsenic concentration was extremely high 238 

at 46.40mg/Kg (Figure 1B). 239 

Correlation coefficient Study  240 

1. Correlation coefficient between groundwater arsenic concentration and depth of 241 

the handpumps: A marginal declining trend was observed between arsenic levels 242 

and handpump depths, suggesting higher arsenic contamination levels in the 243 

shallower aquifers (r=0.005, P <0.05; Figure 2A). 244 

2. Correlation coefficient between hair arsenic levels and age of the subjects: The 245 

correlation coefficient was observed between the subject’s age and their hair arsenic 246 

contamination level. The subjects aged between 35 to 60 years retained higher hair 247 

arsenic contamination values representing the age-related hair arsenic deposition (r 248 

= 0.010, P <0.05; Figure 2B).  249 

3. Correlation coefficient between hair arsenic level and groundwater arsenic 250 

concentration: A very significant positive and increasing trend was observed 251 



between the subject’s hair arsenic level and their drinking water arsenic 252 

contamination (r= 0.172, P<0.05; Figure 2C). 253 

4. Correlation coefficient between hair arsenic level and duration of arsenic 254 

exposure: An increasing trend was observed between the subject’s hair arsenic level 255 

and duration of arsenic exposure through contaminated drinking water (r= 0.013, 256 

P<0.05, Figure 2D). 257 

5. Correlation coefficient between urine arsenic contamination and groundwater 258 

arsenic concentration: An increasing significant trend was observed between the 259 

subject’s urine arsenic concentration and their drinking water arsenic concentration 260 

(r= 0.673, P<0.05, Figure 2E). 261 

Spatial Analysis  262 

The Figure 3A shows a synoptic view of arsenic levels detected in the groundwater and hair 263 

samples across Chapar village.  The map clearly highlights a strong spatial correlation between 264 

these 2 parameters.  265 

 The Figure 3B shows the kernel density maps of the symptoms of 1,307 samples from the 113 266 

households. The colour represents the degree of the intensity per area unit, which is the 267 

expected number of patients with each symptom per 10,000 square meters in this case. The 268 

kernel density maps show that several symptoms (keratosis, melanosis, loss of appetite, 269 

anaemia, and cardiovascular disorders) had a similar spatial pattern as that obtained for arsenic 270 

levels in groundwater, suggesting a strong causal link.   271 

Clinical Observations 272 

The village population exhibited typical visible symptoms of arsenicosis. The most astonishing 273 

finding observed was that, one household had all the family members with symptoms of 274 

arsenicosis- including an only 07-year-old boy (Figure 4A), his elder brother of 14 years old 275 

(Figure 4B) and his mother of 32 years old (Figure 4C). Usually, arsenicosis symptoms are not 276 

observed in children below 10 years but, in this exposed household, members were drinking 277 

arsenic contaminated water (655µg/L was detected in their well) possibly for more than 30 278 

years in the case of the mother. 279 

The other symptoms observed in the exposed subjects were a cervical lump in a 6 year old girl, 280 

melanosis in a 42 year old man, mentally disabled boy 25 years old with keratosis in palm sole 281 

and melanosis on the trunk, palmoplantar keratosis in a 36 year old woman, rain drop 282 

pigmentation in a 16 year old boy. All these subjects were drinking arsenic contaminated water 283 

>500µg/L for a significant amount of time (Figure 4D). 284 



Health Assessment  285 

In the present study, all the 250 households representatives (2,816 household members who 286 

were present during the study period) were queried about their health. In the households where 287 

the arsenicosis symptoms or health related problems were severe, household members were 288 

interviewed extensively. The Figure 5A shows the associations between the symptoms. The 289 

arsenicosis symptoms, especially the keratosis in the palm and sole, were observed in 11.2%, 290 

melanosis (8.6%), other skin manifestations (45.2%), loss of appetite (14.6%), anaemia 291 

(13.2%), diarrhoea (9.7%), general body weakness (57.4%), raised blood pressure (6.4%), 292 

breathlessness (7.1%), diabetes (1.88%), mental disability (0.14%), lumps in the body (0.24%), 293 

cancer incidences (0.39%) and other health problems (14.4%) respectively. Table shows the 294 

health assessment result of the population of Chapar village (n=2,816) from a total of 250 295 

households (Figure 5B). 296 

Cancer cases 297 
In the present village population, there were 11 cancer cases reported out of which 7 patients 298 

had died mostly due to liver cancer, gall bladder cancer and skin cancer. However, few cases 299 

of liver cancer, breast cancer and colon cancer patients were having treatment in cancer centres 300 

at the time the sampling took place. Moreover, 20% of the study population had a significantly 301 

high concentration of arsenic in urine (>50 µg/L), indicating their susceptibility to cancer 302 

disease in the future. 303 

Health Risk Assessment 304 

Non-carcinogenic risk of arsenic exposure was more in the child’s consumers as compared 305 

with the male and female population. Higher risk for children population may be owed to their 306 

lower body weight (Kumar et al., 2019b).  However, each sample surpassed the threshold value 307 

of 1 × 10!" for Carcinogenic Risk (CR) in children and was found below the threshold value 308 

in female and male population group, respectively (Figure 6A & 6B).  309 

Mitigation Intervention 310 

The data report of the present study area was shared to the Health Department of Ministry of 311 

Health and Family welfare, Government of India, through which the state government was 312 

government was advised to intervene with mitigation measures. The state government installed 313 

two arsenic filter units in which unit-I caters 150 households while the other unit-II caters 100 314 

households by supplying arsenic free water through the piped water scheme – “Har Ghar Nal 315 

Ka Jal”- means ‘every household getting tapwater’. These filters were installed in August 316 



2020. It is hoped that the exposed population (n=250) will strongly benefit from this 317 

intervention. The health review shall be conducted after the operation of 18 months of this 318 

installed arsenic filter to determine the impact (Figure 7A & 7B.). 319 

Geological Aspect 320 

 The study shows significant correlation of arsenic contamination in the groundwater in the 321 

village due to geogenic changes (1985- 2020) (Figure 8). 322 

 323 

Discussion 324 

The groundwater arsenic poisoning in the plains of river Ganga has become a major problem 325 

for the exposed population. The exposed subjects are knowingly or unknowingly consuming 326 

this water for long duration, causing serious health hazards to them. The arsenic contaminated 327 

water initially reaches the gastrointestinal tract from where the arsenic is absorbed into the 328 

blood. Liver is the site where As (III) is converted to As (V) or even to the less toxic compound 329 

dimethyl arsenic acid (DMA). But this compound is also considered a carcinogen as they 330 

dysregulate the functions of various gene functions including the tumour suppressor genes such 331 

as p53, p16, NFKappa B, etc. (Agusa et al., 2015; Nava-Rivera et al., 2021; Reichard and Puga, 332 

2010; Roy et al., 2020; Suzuki and Nohara, 2013). The trivalent inorganic arsenic binds with 333 

the sulfhydryl groups of dihydrolipoamide inhibiting the pyruvate dehydrogenase. This causes 334 

a significant reduction in the conversion of pyruvate to acetyl coenzyme A (CoA) which causes 335 

reduced ATP synthesis (Bergquist et al., 2009; Sherwood et al., 2011). Furthermore, arsenic 336 

binding to sulfhydryl groups causes significant reduction in the functions of gluconeogenesis, 337 

fatty acid oxidation and production of acetyl CoA (Intarasunanont et al., 2012; Miller et al., 338 

2002; Ren et al., 2011; Wang et al., 2015). 339 

According to (Mishra et.al., 2000), the riparian districts on either banks of river Ganga in Bihar 340 

are facing the problem of arsenic contamination. The present study area also falls in a zone of 341 

oscillation of river Ganga where it not only flows from west to east but also oscillates in north 342 

south direction. The river shows meandering nature within this alluvial fill deposit which 343 

constitutes the zone of miscibility of inflow of sediments from contrasting sources which is 344 

active flood plain (Holocene- Recent age) and older flood plain of (Holocene). This sinuosity 345 

likely contributes for high anomalous value of arsenic (Figure 8).  346 

The temporal variation along the flow path of river Ganga clearly indicates change in the nearly 347 

straighter course of the river with marginal bulge or convexity southwards in 1985, to a 348 

conspicuous U-shaped meandering in 1995. This has probably resulted from enhanced 349 



sedimentation along the periphery thus guiding flow path to assume a bend as observed in the 350 

image. Ultimately the creation of river island in the middle path of the river has pushed the 351 

active flow path further southwards and northwards thus increasing the sinuosity of the river. 352 

This has almost resulted in the creation of an Oxbow-lake which disables the arsenic 353 

mobilisation from one-point bar to the other point bar, leading to secondary arsenic enrichment 354 

to enhanced levels. This water locked oxbow lakes are the major source of arsenic 355 

contamination in the ground water and habitations residing in these areas are at high risk of 356 

arsenic-laced water. The studied village population of Chapar village is also located on the 357 

point bars of oxbow lake of river Ganges, which is the major cause of the severe exposure of 358 

arsenic (Donselaar et al., 2017; Kumar et al., 2021e; McArthur et al., 2001, 2004, 2011; Nickson 359 

et al., 2000; Postma et al., 2007; Ravenscroft et al., 2009).  The higher concentration almost 360 

follows a line of demarcation around Chapar village which also defines a probable zone of 361 

levee delimiting the concentration to the south (Figure 3A). Presumably the separation of high 362 

and low values defines the sinuosity regime of river Ganga with time. 363 

In the present study, the maximum arsenic concentration in groundwater observed was 1212 364 

µg/L, which is extremely high, 120 times higher than the WHO permissible limit of 10 µg/L. 365 

Fifty-two per cent of the handpump water samples had arsenic levels higher than 10µg/L and 366 

the speciation study carried out for the first time in this region suggests the predominance of 367 

arsenite which is, the more toxic inorganic form. The study also clearly shows the spatial 368 

correlation between arsenic levels in water and a suite of health symptoms, such as 369 

hyperkeratosis, melanosis, loss of appetite, anaemia, rain drop pigmentation etc. (Figure 3B). 370 

Moreover, the exposed population also displayed other symptoms such as constipation, 371 

diarrhoea, general body weakness, raised blood pressure, breathlessness, diabetes, mental 372 

disabilities, diabetes, lumps in the body and few cancer incidences. From the symptom’s 373 

association analysis, keratosis was found significantly highly associated with breathlessness 374 

whereas the association was not strong for melanosis and other skin disease patients.  The long 375 

exposure to arsenic generally weakens the immunity of the body which, if left untreated, leads 376 

to serious health hazards. The association between low-level exposures to arsenic in drinking 377 

water (approximately <150µg/L) and cancer risks is still not well elucidated (Tsuji et al., 2019). 378 

Our results suggest that once it reaches to develop keratosis, the patient’s respiratory function 379 

is compromised. This may not eventually lead to cancer in the end but may certainly degrade 380 

the patient’s quality of life and lower his/her self-esteem, social and economic status. The 381 

exposed population of the village were from socially and economically weaker section who 382 

had limited resources of expenses. Hence, they did not have any preventive measures or 383 



information related to arsenic exposure. Similar studies in the Gangetic plains of Bihar have 384 

been carried out by other researchers as well (Berg et al., 2001; Chakraborti et al., 2016, 2018; 385 

Chen et al., 1999; Chowdhury et al., 2000; Ferreccio et al., 2000; GuhaMazumdar et al., 1998; 386 

Kumar et al., 2015, 2016, 2020, 2021a, 2021b, 2021c; Rahman et al., 2019a, 2019b).  387 

The present study infers through its findings for the first time the assessment of the non-388 

carcinogenic health risk vs carcinogenic health risk by using the hazard quotient (HQ) formula 389 

of the exposed population of the Chapar village. We show that the probability of carcinogenic 390 

risk is almost maximal for all groups (100% in children, 99.1% in females and 97.3% in male 391 

subjects). Similar studies have been carried out which correlates the present study (Ali et al., 392 

2021; Fernández-Macías et al., 2020; Joardar et al., 2021; Kumar et al., 2019a; Kumari et al., 393 

2021; Li et al., 2018; Liang et al., 2016; Sheikhi et al., 2021; Ulniković and Kurilić, 2020; Yang 394 

et al., 2015). 395 

Urine, nail, and hair are considered as the most significant biomarkers (Hays et al., 2010; 396 

LaKind et al., 2008; Orloff et al., 2009; Rasheed et al., 2019). In the present study, urine and 397 

hair samples were used as the biological indicator for long-term exposure of arsenic, as they 398 

reflect the human exposure during the last period of 2-5 months. WHO has also recommended 399 

the use of urine and hair as environmental arsenic monitoring agent (WHO, 2001; Tseng et al., 400 

2005; Valenzuela et al., 2005; Druyan et al., 1998; Gebel, 2000; Morton et al., 2002). The 401 

arsenic usually binds with the sulfhydryl groups of keratin and remains in the shafts and hair 402 

roots for a long duration which reflects the long term exposure (Hindmarsh, 2002). In the 403 

present study, the maximum arsenic concentration detected in hair samples was 46.04mg/Kg, 404 

while in urine as 367.2µg/L, an extremely high dose denoting the severity of the long-term 405 

exposure. About 20% of the studied population had very significant (p<0.05) high urine arsenic 406 

concentration >50µg/L. Very high contamination of arsenic in hair and urine samples suggest 407 

that the exposed subjects were drinking arsenic laden water for several months continuously 408 

and the skin manifestations observed all over their body is corroborating the high exposure 409 

level. The exposed population is at very high risk that they are vulnerable to get several 410 

diseases. Similar studies have correlated arsenic exposure with the contamination in the 411 

biological samples (Kumar et al., 2021b, 2021c; Nowak and Kozlowski, 1998; Yoshinaga, et 412 

al., 1990). 413 

Conclusions: 414 

In the present study, there was significant arsenic contamination observed in the water samples 415 

of the assayed handpumps. Out of total 113 analysed handpumps, 52% had very high arsenic 416 



concentration above the WHO permissible limit i.e 10µg/L. Moreover, there was significant 417 

arsenic contamination observed in the hair samples of the exposed population as 29% of the 418 

individuals had the concentration >0.2mg/Kg, while 20% of the population had urine arsenic 419 

concentration >50µg/L Prevalence of many visible symptoms of arsenic poisoning like 420 

hyperkeratosis, melanosis, rain drop pigmentation etc. and a suite of health problems (anaemia, 421 

loss of appetite, asthma, constipation, diarrhoea, muscular dystrophy, hormonal imbalances, 422 

neurological disorders, loss of mental health etc.) possibly leading to cancer and cancer related 423 

death were observed in the exposed individuals. There was significant correlation coefficient 424 

observed between hair arsenic concentration of the individual with ground water arsenic 425 

concentration and the duration of the exposure through it. The health status of the population 426 

of the Chapar village in the district of Samastipur (Bihar) was dramatically high, with a cancer 427 

risk of 100% in children and only slightly lower for the male and female population. The report 428 

was shared with the concerned government agencies highlighting the temporal and spatial 429 

distribution of this affected area for the mitigation measures to be undertaken for the arsenic 430 

exposed population of the study area. This study report enabled the government to install two 431 

arsenic removal filter units in this affected village which caters to 250 households providing 432 

them arsenic free water through piped water system. This study is a turning point for the 433 

severely exposed village population who had no access to safe drinking water since last 20 434 

years. It is expected that in the coming years the disease burden will significantly decrease in 435 

the exposed population of the village.  436 
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FIGURES AND TABLES 779 

 780 

 781 

 782 

Figure 1. [A]. Groundwater arsenic concentration in handpumps. [B]. Hair arsenic 783 
concentration of Chapar village analysed through GF-AAS (ANOVA- Dunnett’s Test, P<0.05). 784 

  785 



 786 

 787 

Figure 2.  The scatterplot graph of [A] Groundwater arsenic concentration and depth of the 788 
handpumps (r=0.005 & P<0.05) [B] Hair arsenic concentrations and age of the subjects 789 
(r=0.010 & P<0.05) [C] Hair arsenic level and groundwater arsenic concentration (r=0.172 790 
& P<0.05) [D] Hair arsenic level and duration of arsenic exposure (r=0.013 & P<0.05). [E] 791 
Urine arsenic level and groundwater arsenic concentration (r=0.673 & P<0.05).  792 



 793 

Figure 3. [A] Thematic map showing synoptic view of arsenic level in groundwater and hair 794 

samples superimposed using QGIS software (version 3.10.1-A Coruna). [B] Kernel density 795 

maps of the symptoms. The colour indicates the expected number of patients with each symptom 796 

per 10,000 square metres. The right-bottom map shows the household locations.   797 

 798 



 799 

Figure 4. [A, B, & C] Arsenicosis symptoms in members from a single household                        800 

[D] Arsenicosis symptoms in exposed village population. 801 
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  803 

Figure 5. [A] Table showing health assessment report of arsenic exposed population of the 804 

village Chapar (n=2,816) from households (n=250) [B] Symptoms association heatmap- The 805 

numbers represent the Spearman rank correlation coefficients and the asterisks indicate the 806 

significance levels (* p<0.05, ** p<0.01, *** p<0.001). R version 4.0.3 (R Core Team, 2020) 807 

was used for the statistical calculation, and the result was visualized with the R package 808 

“corrplot” version 0.88 (Wei and Simko, 2021). 809 
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 811 

Figure 6. [A] Human health risk assessment non-carcinogenic vs. carcinogenic risk                   812 

[B] Table showing human health risk assessment. 813 
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 816 

Figure 7. [A] Showing 02 mitigation units (Unit-I with the caretaker) installed for the arsenic 817 
exposed population of Chapar village, Harail Panchayat of Samastipur district of Bihar, India. 818 
[B] Figure showing present data of the arsenic content in the ground water samples of the 819 
arsenic filter units. 820 
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 822 

Figure 8. Google earth imagery showing temporal variation along the oscillation zone of 823 
river Ganga (Using Google Earth software) 824 


