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Introduction
Safe drinking water is a fundamental human right and it is the 

basic need of individuals. Over the past three decades, occurrence of 
high concentration of arsenic in the groundwater has been recognised 
as a major public health concern in several parts of the world including 
India [1]. Seventy countries have been recently identified as arsenic 
affected areas and it is likely that many other areas with elevated arsenic 
in groundwater will be found in the future [2].

Arsenic is abundant in the crust of the earth and is found in all 
environments. It is found in soil, minerals and groundwater in various 
forms [3]. Arsenic in the groundwater exists primarily as oxy anions 
representing two oxidation states: arsenite (As III) and arsenate (As V) 
[4]. Both exist within the pH range of 6-9. It is well-established fact that 
arsenite (As III) is more toxic than arsenate(As V) [5,6]. World Health 
Organization (WHO) estimates that more than 200 million persons 
worldwide might be chroni cally exposed to arsenic in drinking water at 
concentrations above the WHO safety stan dard of 10 µg/L [7].

The entire Gangetic plain of India-the upper Ganga plains, 
the middle Ganga plains and the lower Ganga plains are the areas 
with very high population density, the land here is highly fertile and 
agriculture is the main occupation and source of income of the rural 
population. Groundwater is the main source of drinking, cooking, 
agriculture and other household purposes. Bihar and West Bengal are 
located within the Middle-Ganga Plains (MGP) and are the two worst 
arsenic contaminated states in India [8,9]. Presently, about 18 districts 

of Bihar are affected due to arsenic contaminated groundwater [10]. 
It is estimated that more than 5 million people in the Bihar state are 
drinking water with arsenic concentration greater than the permissible 
limit i.e., 10 µg/L [11]. Majority of the affected population belong to 
rural areas and economically very poor. Population of these areas are 
still drinking arsenic contaminated groundwater and are not aware of 
this fact and its consequences. Furthermore, as majority of the arsenic 
exposed population are poverty stricken, malnutrition is serious issue 
which aggravates impact of arsenic on their health. The continuous 
consumption of elevated arsenic through drinking water (more than 
five years) may lead to arsenic poisoning commonly known arsenicosis 
as melanosis, leuco-melanosis, keratosis, skin lesions in sole and palm 
and skin cancer [8-10]. In addition to skin lesions and skin cancer; 
neurological, respiratory, cardiovascular, developmental effects and 
more are linked to chronic arsenic exposure [11-13].
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Background: Arsenic (As) in the groundwater is widely recognised as a global threat to human health. Millions 
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Methods: Altogether 48 groundwater samples from Hand Tube Wells (HTWs) of four different villages (12 
groundwater samples from each village) were randomly collected for arsenic estimation and 48 blood samples were 
collected from the subject of the same household for blood arsenic estimation (12 blood samples from each village). 
Assessment of health related problems due to arsenic poisoning was also carried out in this study.

Results: The highest arsenic concentration in groundwater was found to be 911 µg/L in Paghari village of Baheri 
block while in blood sample it was 252 µg/L observed from the same household in the Paghari village. The typical 
arsenicosis symptoms like hyperkeratosis in the palm and sole, melanosis of the skin and few cases of cancer were also 
reported among the population.

Conclusions: The present study thus, concludes that there was high arsenic concentration in the groundwater 
of four villages of Darbhanga district. Presence of arsenic in the blood samples indicates as a biomarker of arsenic 
exposure. Arsenic poisoning has caused severe health related problems in these population. Therefore, a proper 
strategy is urgently required to mitigate the groundwater arsenic contamination and minimize the severity of the arsenic 
poisoning in these villages.
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The Darbhanga district of Bihar is situated between latitude 
N25O53′26.27″, longitude E85O45′25″. Its average distance is 80 km 
away from the northern bank of river Ganges and its geographical area 
is 2,279 sq. km. The total population of the district is 39,21,971 (Census 
2011) [14]. First incidence of arsenic contaminated groundwater was 
reported from Biraul block of Darbhanga districts in 2005 [15]. The 
incidence of groundwater arsenic contamination was increased at a 
high rate in several districts of Bihar in last decades and previous studies 
suggest that arsenic contamination is most prevalent in rural areas [8].

Therefore, present study was undertaken in four villages under 
two blocks of Darbhanga district to know the prevalence of arsenic 
concentration in groundwater as well in the biological samples. This 
novel study will be first ever study carried out in this area.

Materials and Methods
Ethical approval

The research work was approved by the IEC (Institutional Ethics 
Committee, MCS Patna) of the institute as the work was on human 
subjects. The survey work was carried out in the months from January 
to May 2015.

Location

The present study was carried out in four villages under two 
blocks Baheri and Biraul of Darbhanga district. The Paghari village 
(25º59.311'N, 086º00.207'E) and the Habidih village (26º00.585'N, 
086º05.739'E) comes under Baheri block while, the Parri village 
(25º58.832'N, 086º08.574'E) and the Bairumpur village (25º54.743'N, 
086º07.681'E) comes under Biraul block. The average population and 
the number of households (population/households) in all the four 
villages Paghari, Habidih, Parri and Bairumpur were respectively 
4416/900, 32612/5000, 6908/1400 and 2855/500 [14].

Arsenic analysis and survey

Collection of samples: The water sample bottles (250 ml 
polypropylene bottle) were well cleaned and pre-treated with 
1% hydrochloric acid. Altogether, 48 groundwater samples (12 
groundwater samples from each village) were randomly collected in 
duplicates from hand tube wells (HTWs) of the households situated at 
every 50 meter of distance in the villages. Each HTW was flushed for ten 
minutes to get the actual representative groundwater samples following 
Nickson’s protocol [16]. For determining the exact location of the 
HTWs, hand held Global Positioning System (GPS) receivers (Garmin 
etrex10, USA) with an accuracy of ≈10 m was utilized. The depth of 
the hand tube wells were also recorded (as told by the house-owners 
during sample collection) for the correlation of arsenic concentration 
in groundwater with the depth of HTWs. Blood samples were collected 
from people living in these villages with their consent and as per ethical 
norms. Twelve blood samples from each village of same households 
(where groundwater samples were analysed) for a total 48 blood 
samples (2 ml each) were collected in a vacutainer to estimate blood 
arsenic concentration. After the collection, groundwater samples were 
analysed instantly by utilizing Merckoquant Arsenic Field Test Kit 
(Merck, Germany) to know the trace of arsenic in the water samples. 
For the final confirmation and quantification of total arsenic present in 
groundwater as well as in blood samples, the samples were analysed as 
per the NIOSH protocol through Graphite Furnace Atomic Absorption 
Spectrophotometer (Pinnacle 900T, Perkin Elmer, Singapore) [17] at 
Mahavir Cancer Research Institute and Research Centre, Patna.

Health assessment: The suspected people of the villages were 
exclusively interrogated and examined for arsenic related diseases to 
know their health status. For this a questionnaire method was utilized 
and health related data were extensively collected [11].

Statistical analysis

Data were analysed with statistical software (Graphad Prism 5) 
and values were expressed as mean ± SEM. Differences between the 
group were analysed by one way analysis of variance (ANOVA) using 
the Dunnet’s test while scattered graphs were plotted through another 
statistical software SPSS-16.0 using linear regression analysis methods [8].

Results
Groundwater arsenic assessment

Groundwater analysis of all the 48 samples collected from the four 
villages represented high prevalence of arsenic contamination. The 
highest arsenic concentration recorded in the groundwater sample was 
911 µg/L from Paghari village. Overall maximum arsenic concentration 
recorded in the groundwater samples of all the four villages were 911 
µg/L in Paghri, 201 µg/L in Habidih, 843 µg/L in Parri, 862 µg/L in 
Bairampur respectively (Figure 1).

Blood arsenic assessment

Altogether, 48 blood samples (12 blood samples from each village) 
were analysed for total arsenic concentration. The highest arsenic 
concentration in the blood sample of the subject was 252 µg/L of Paghri 
village. Overall 45% of the blood samples showed arsenic concentrations 
above the permissible limit i.e., 1 µg/L in blood as recommended by 
WHO and EPA (Figure 2).

Health assessment

Altogether 500 subjects (125 subjects from each village) were 
interviewed during heath assessment. Many villagers exhibited 
typical symptoms of arsenicosis like hyperkeratosis in sole and palm 
melanosis, and leuco-melanosis. Blackening of teeth and nails were also 
observed in many persons of the arsenic exposed population. Few of 
them exhibited hyperpigmentation (spotted pigmentation) on their 
whole body (Figure 3). Apart from typical symptoms of arsenicosis, 
other health related problems like gastrointestinal, liver, neurological 
disorder and hormonal imbalance were frequently observed. Incidence 
of cancer especially skin, liver and breast were frequently observed in 
Paghari village. The interviewed persons reported that many people 
died of cancer in last two decades.

Correlation coefficient study

Correlation coefficient between groundwater arsenic 
concentration and depth of HTWs: Average depth of the HTWs of 
all the four villages included in this study was between 100-150 feet. 
Arsenic concentration observed in groundwater was much higher in 
shallow HTWs in comparison to deep HTWs which showed a positive 
correlation (Figure 4).

Correlation coefficient between blood arsenic level and 
groundwater arsenic level: The study showed significant increase in 
blood arsenic levels with increased groundwater arsenic levels. Although, 
few blood samples did not correlate with elevated groundwater arsenic 
levels (Figure 5).
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Figure 1: Arsenic level in the Groundwater of all the four villages (A) Paghari (B) Habidih (C) Parri and (D) Bairampur.
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Figure 2: Arsenic level in the blood samples of the village people of all the four villages (A) Paghari (B) Habidih (C) Parri and (D) Bairampur.
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Figure 3: (A) Hyperkeratosis of sole in 60 year old male. (B) Hyperkeratosis of sole in 40 year old female. (C) Hyperkeratosis of palm in 40 year old male. (D) 
Hyperpigmentation of whole body in 85 year old male. (E) Blackening of nails in 32 year old female. (F) Tooth decay in 25 old Female.
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Figure 4: Correlation coefficient between groundwater arsenic level and depth 
of HTW HTWs.
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Figure 5: Correlation coefficient between blood arsenic level and groundwater 
arsenic level.

Discussion
Groundwater arsenic contamination in the Lower Gangetic Plain 

of West Bengal, India, was first identified in July 1983 along with 
patients with arsenical skin lesions belonging to the same villages in 
these districts [18,19]. After two decades of this incidence first foot 
print of groundwater arsenic poisoning in the Middle Gangetic Plain of 
Bihar, India, was identified in July 2002, in Semaria Ojhapatti village of 
Shahpur block of the Bhojpur district [9,20]. Incidence of groundwater 
contamination and its adverse effect on health in the population of state 
Bihar increased at a higher rate. Presently 18 districts of Bihar state are 
under threat of arsenic poisoning and majority of districts belongs to 
the nearer areas of bank of the river Ganges [10,21].

First incidence of arsenic contaminated groundwater was jointly 
reported by two government agencies in only one block of Darbhanga 
district in 2005 [22,23]. The concentration of arsenic in the groundwater 
at that time was not much higher as compared to the other districts 

of Bihar residing near the bank of the river Ganga. After a decade, 
in the present study four villages of Darbhanga district showed very 
high contamination of arsenic poisoning in the Groundwater of 
their hand pumps. 911 µg/L is the maximum observed value of total 
arsenic reported from Paghari village of Baheri block which is much 
higher than the permissible limit. Detection of elevated arsenic in 
the groundwater from villages of Darbhanga district which is located 
about 80 km north of the river Ganga, indicates that contamination 
may be spread even to areas far off from the river Ganga. Geographical 
parameters like shifting of water table downwards, leaching of toxic 
chemicals in the groundwater and over exploitation of groundwater are 
the suggested regions of arsenic elevation in the groundwater far from 
river Ganga [7,24].

World Health Organisation (WHO) and the U.S. Environmental 
Protection Agency (EPA) have well recommended threshold of 10 µg/L 
for inorganic arsenic concentration in drinking water while 1 µg/L for 
human blood [7,24]. The elevated level of arsenic in the groundwater 
as well in blood samples of four villages are at very alarming condition. 
Village population are directly exposed with the elevated levels of 
arsenic via drinking water and indirectly via cooking food in arsenic 
contaminated water. People belonging to these villages are adversely 
affected with arsenic poisoning. The arsenicosis symptoms observed in 
the subjects of the studied villages were the first ever study done in 
the Darbhanga district. Although various studies carried out in India 
have been well documented [8,9,25]. Apart from typical symptoms 
of arsenicosis other health related problems and few cases of skin, 
liver and bladder cancer are also observed in the population of study 
area. Arsenic has also been classified as Class I carcinogen by the 
International Agency of research on Cancer (IARC) which means that 
there is a sufficient evidence of its carcinogenicity to human. Skin and 
several types of internal cancer including bladder, kidney, liver and 
prostate have been found associated with arsenic ingestion [26-30].

The study on blood arsenic level in the population of Darbhanga 
district of Bihar has been assayed for the first time. The blood arsenic 
level with the subject age and the duration of exposure through 
drinking water is the novel work ever done in this area. Various studies 
on estimation arsenic in the hair, nail, urine and blood samples and 
its correlation with groundwater arsenic concentration have been well 
documented in other parts of the country [8,9,31]. The measurement 
of high arsenic in the groundwater and its correlation with blood 
arsenic level is the unique and first ever study done in these villages. 
Thus, the study concluded that, arsenic poisoning in the four villages 
of Darbhanga district of Bihar has causes severe health hazards. 
Therefore, an immediate strategy is required to cater the severity of the 
arsenic poisoning.
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