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Introduction
Arsenic (As), a heavy metal, is a natural pollutant, toxin and 

carcinogen. It is generally found in rocks of the earth’s crust in varying 
concentrations. Natural leaching from rocks results in dissolution of 
As in groundwater, however, the cause of elevated As contamination of 
groundwater is not known. Human beings are more vulnerable to As 
toxicity in groundwater as opposed to surface or shallow water due to 
their biochemical changes. 

As is a non-essential element for human beings. According to the 
World Health Organization (WHO), the safe level of As in blood is less 
than 1 ppb. The level of toxicity depends on the chemical form of As 
in the environment. Arsenite and arsenate are the predominant forms 
found in groundwater; however arsenite is more toxic than arsenate. In 
groundwater, As is present in various forms such as H3AsO3, H2AsO3, 
HAsO3, H3AsO4, H2AsO4 and HAsO4 [1]. The concentration of As 
in groundwater varies with geographical location. One of the toxic 
forms of As, H3AsO3, is more prominent in West Bengal (India) and 
Bangladesh, however HAsO4 and H2AsO4 are more prominent in 
Arizona (USA) and Korea respectively [1]. 

A wide range of As related human illnesses have been reported 
across various parts of the world. Several methods for removing 
As from groundwater are available but they are more amenable to 
industrial usage. There is no easily usable solution for As removal for 
individual end consumers. The incidence of As related health issues 
is steadily rising, particularly in the Ganges-Brahmaputra region of 
northern India. 

Patna, located to south of the Ganges river basin (Figure 1) is one 

of the highly populated areas of the state of Bihar. Widespread As 
contamination along the course of the Ganges is well known [2,3]. 
Ganges courses through the states of Uttarakhand, Uttar Pradesh, 
Bihar and West Bengal in India. Based on the hydrogeological pattern 
of the groundwater of Ganges, the population of these states is at a high 
risk of As exposure and its ensuant deleterious effects [4]. 

The concentration of As in the groundwater of the Ganges river 
basin was reported to be around 50 ppb, which denotes its toxicity 
[5]. Groundwater and surface water are the main sources of drinking 
water of this region with groundwater being the prominent source 
for As exposure. Use of As contaminated water in northern India is 
alarming. Deep investigation of the effects of As contamination from 
a toxicological and epidemiological perspective is imperative. The 
district of Patna was marked as one of the As hotspot regions in Bihar 
[4]. The primary source of As contamination in the populace is ground 
and surface water. The secondary source of arsenic is consumption of 
food cultivated in As rich soil irrigated with As contaminated water [6]. 
To manage the human health hazard associated with As pollution and 
toxicity, data on the levels of As contamination in the environment is 
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Arsenic (As), a well-known environmental toxicant naturally found in rocks in the earth’s crust contaminates 

groundwater. Patna, a highly populated district of Bihar, India, is situated on the banks of the river Ganges in the area 
commonly referred to as the Gangetic-Zone. The entire district of Patna is divided into 23 blocks. The purpose of this 
study was to assess the concentration of As in drinking water and blood samples of people residing in different blocks 
of Patna. 

Drinking water and blood samples were collected from all 23 blocks of Patna. Estimation of As in water samples 
was done using Arsenic Kit. The observed value was further validated using Atomic Absorption Spectrophotometry with 
Vapor Generation Assembly (AAS-VGA). More than 50 ppb of As was observed in drinking water samples of 15 blocks 
(Athmalgola, Bakhtiyarpur, Barh, Belchhi, Bikram, Bihta, Daniyawan, Dulhin Bazaar, Fatuha, Ghoswari, Khusrupur, 
Maner, Mokama, Paliganj and Pandarakh). A concentration of more than100 ppb of As was detected in the samples from 
Danapur and Naubatpur, which is more than10 times the WHO permissible limit of 10 ppb. Sample population exhibited 
high incidence of cancers of various organs such as skin, breast, liver, and gall bladder. Nodular keratosis on palm and 
sole of the affected population was also observed. As contamination was not observed in the blood samples of healthy 
people included in the study.

The study showed that surveyed population of blocks of Patna district with high As accumulation in groundwater 
had a high accumulation of As in their blood samples. High incidence of cancers of skin, liver, breast and gall bladder 
was also observed in these blocks. The study therefore demonstrates a high degree of correlation between elevated 
groundwater As concentration and high As concentration in blood stream of persons affected by cancer. The study 
further concludes that As accumulation is one of the factors causing high rate of cancer in affected areas.
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needed. The goal of this work is to estimate the level of As concentration 
in drinking water and blood samples from the populace of the different 
blocks of Patna.

Materials and Methods
The drinking water samples were collected from different blocks 

of Patna District in the state of Bihar. Water samples were randomly 
collected from different groundwater sources (hand pump, tube well 
and dig well) used by households. This was done for each of the 23 
blocks. 40 water samples from each of the 23 blocks were collected 
twice for a total of 1840 samples. Out of the 1840 water samples, 
samples which showed high percentage of As in estimates using the As 
kit were further confirmed by Atomic Absorption Spectrophotometer 
(minimum of 20 samples from each block). Blood samples were 
collected from people living in these blocks with their consent and as 
per ethical norms. 40 samples from each block for a total of 920 blood 
samples (5 ml each) were collected in a vacutainer. After centrifugation, 
serum samples were stored at -800C for evaluation of As content using 
Atomic Absorption Spectrophotometer. All water samples were kept 
in polyethylene bottles prewashed with Hydrochloric acid. Sodium 
arsenate was used as positive control and double distilled water was 
used as negative control for each block. Water samples were analyzed 
for arsenic using standard Merck (Germany) arsenic test kit (detectable 
limit from 5 to 500 ppb based on color appearance from mild yellowish 
to darkish brown after the chemical reaction), which provided an 
approximate data set. This was done on the spot in triplicate for each 
sample. The results were then confirmed using AAS. Ethical approval 
for collection of blood samples from the sample population was 
requested and obtained with their consent.

Results
In eastern zone of Patna nearly 50 ppb of arsenic content was 

recorded in drinking water samples. In western zone major areas were 
contaminated with more than 50 ppb and a maximum of 180 ppb was 
recorded by AAS method (Figure 2 and 3). When compared to WHO 
permissible limit, 5 fold and 10 fold increases of arsenic contamination 
was recorded in the target regions. 

The distribution of arsenic concentration in different blocks of 
Patna is shown in Figure 4.

More than 1600 ppb level of arsenic in the groundwater of Patna 

region by AAS method has been also reported [7]. Arsenic contaminated 
drinking water is one of the major risk factor for cancer [8-10].

The total population of Patna district is about 5.7 million [11]. 
Approximately 59% of the total population of Patna region lives in 
arsenic hit region (Figure 5).

Maximum mean level of arsenic was detected in the blood samples 
of gall bladder cancer (25 ppb) patients followed by liver, skin and 
breast cancer patients (Figure 6). Higher concentration of arsenic 

1. Banka, 2. Begusarai, 3. Bhojpur, 4. Buxar, 5. Darbhamga, 6. Katihar, 7. 
Khagaria, 8. Lakhisarai, 9. Muzaffarpur, 10. Nalanda, 11. Patna, 12. Purnea, 
13. Samstipur, 14. Saran, 15. Shekhpura, 16. Siwan, 17. Vaishali and 18. East 
Champaran 

Figure 1: Hot spot districts (* marked) in the state of Bihar.

1=Maner, 2=Bihta, 3=Bikram, 4=Dulhin Bazaar, 5=Paliganj, 6=Danapur, 
7=Naubatpur, 8=Punpun, 9=Musarhi, 10=Phulwarisharif, 11=Sampatchak, 
12=Dhanarua, 13=Patna sadar, 14=Fatwah, 15=Daniyawan, 16= Khusrupur, 
17= Bakhtiarpur, 18=Athamalgola, 19=Barh, 20=Belchhi, 21=Pandarak, 
22=Mokama, 23=Ghoswari

Figure 2: Arsenic contamination in drinking water of different blocks of Patna, 
India.

1-Maner; 2-Bihta; 3-Bikram; 4-Dulhin Bazar; 5-Paliganj; 6-Danapur; 
7-Naubatpur; 8-Punpun; 9-Masaurhi; 10-Phulwarisharif; 11-Sampatchak; 
12-Dhanarua; 13-Patna Sadar; 14-Fatwah; 15-Daniawan; 16-Khusrupur; 
17-Bakhtiarpur; 18-Athmalgola; 19-Barh; 20-Belchhi; 21-Pandarak; 
22-Mokama; 23-Ghoswari

Figure 4: Arsenic concentration in ppb in different blocks of Patna district 
(>50 ppb to <100 ppb).

(A)                                                                                                               (B)

Figure 3: Showing nodular keratosis on palm (A) and sole (B).
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was observed in west blocks of Patna compared to east blocks, India. 
The highest concentration of arsenic was observed in Danapur and 
Naubatpur block of Patna. 

Discussion
In Bihar 60 persons with arsenical skin lesions were reported [2]. 

According to US National Research Council (NRC), more than 50 
ppb of arsenic in groundwater may cause cancer risk in 1 out of 100 
of individuals [12]. Prevalence of prostate cancer was linked to the 
arsenic hotspot regions in Gangetic-zone of Bihar [13]. Apart from 
cancer risks, other researchers have reported occurrences of arsenicosis 
(arsenic related toxicities) in the population of northern India. Among 
cancer patient from the different blocks of Patna arsenic concentration 
in the blood samples was recorded over the WHO permissible limit. 
High levels of arsenic in the blood samples from people of Ballia 
district, Uttar Pradesh was also reported by All India Institute of 
Medical Sciences, New Delhi [11]. Ingestion of arsenic via drinking 
water for longer duration (1-10 years) is associated with skin lesions, 
which finally develop into adenoidcystic carcinoma. Similar results 
have been reported by other researchers [9]. In addition, patients with 
more than 40 ppb of arsenic for 2 to 5 years also show squamous cell 
carcinoma and basal cell carcinoma.

One of the main regions of arsenic contamination in the Gangetic 
region of Bihar may be due to degradation of rocks of northern 
Himalaya region, which along with the soil and sediment in the 
Ganga ultimately get accumulated in the Gangetic zone over the years. 
It is highly probable that this is the reason that high level of arsenic 
reported in Bangladesh [14]. Highly urbanized regions consume 
more groundwater than the rural regions by digging more wells. 

Accordingly, population density including the digging wells could 
possibly be related to high concentration of arsenic contamination in 
Patna region. Populace of this region should be aware of the presence 
of high concentration of arsenic in groundwater and should use 
potable surface water rather than groundwater. Scientific investigators 
and environmentalists should also assess the status of arsenic pollution 
and related public health impacts in northern India. By the way of 
using healthy diet and safe water, people can protect themselves from 
arsenic chronic toxicity. Long-term exposure to inorganic arsenic is 
linked with certain forms of cancer such as skin, liver, breast and gall 
bladder cancer. Other researchers have also reported the correlation of 
exposure to arsenic and cancers [10].

In this study it was observed that high incidences of breast, skin, liver, 
and gall bladder cancers were recorded in arsenic hit area. A significant 
correlation was found between the cancer incidence and groundwater 
arsenic level. It is therefore concluded that As concentration is one of 
the factors leading to an elevated risk of occurrence of cancer.
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