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Abstract: Distribution of arsenic and its compound and related toxicology are serious concerns nowadays. Millions 

of individuals worldwide are suffering from arsenic toxic effect due to drinking of arsenic -contaminated 

groundwater. The Bengal delta plain, which is formed by the Ganga–Padma–Meghna–Brahmaputra river basin, 

covering several districts of West Bengal, India, and Bangladesh is considered as the worst arsenic -affected 

alluvial basin. The present study was carried out to investigate the seasonal variations of arsenic in groundwater of 

Dhemaji district of Assam, an adjoining region of the West Bengal and Bangladesh borders. Sixty groundwater 

samples were collected from tubewells of five development blocks of dhemaji district (Assam) in one year period, 

during December 2016 to November 2017 using GIS technique. The present study showed that out of the 60 

groundwater samples, 37%, were found contaminated with higher arsenic contents (WHO, arsenic 10 µg/L for 

potable water). The most badly affected area was the Sissiborgaon development block, where 75% of the samples 
had arsenic concentration above the WHO drinking water guideline values. In this block, the highest arsenic 

concentration was recorded 19.45 µg/L at sampling point, B-7. Significant variation was observed between pre-

monsoon (October to April) and post-monsoon (May to September). Arsenic concentration is sufficiently higher in 

post-monsoon than in pre-monsoon season. 
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Introduction 

Natural potable water resource is becoming 

exceedingly a limited reserve for the human race 

throughout the world. Furthermore, presence of varied 

numbers of pollutants including heavy metals in the 

water through natural and/or anthropogenic 
interventions imparts toxic and harmful effects to the 

environment and the individual1. Human and 

ecological use of in-stream water depends on ambient 

water quality. Human alteration of the landscape has an 

extensive influence on watershed hydrology2,3 and heat 

budget4 which subsequently increases water 

temperature5 and modifies in-stream biogeochemical 

processes that drive oxygen, nutrient, and sediment 

cycling6. Therefore, identifying spatial and temporal 

changes in ground water quality has been a major focus 

of previous research. In West Bengal, India and 

Bangladesh, it is estimated that 100 million people in 

arsenic-affected areas are potentially at risk from 

groundwater arsenic contamination above the WHO 

guideline value of 10 μg/L7,8. Eroded sediments and 

varied inputs of human activities like mining, 

pesticides, pharmaceuticals, etc. are thought to be the 
common sources of arsenic. Chronic arsenic exposure 

is detrimental to human health being associated with 

cancer of the skin, lung, liver, urinary bladder, and 

kidney9 and other diseases, including cardiovascular 

and peripheral vascular diseases, diabetes, peripheral 

neuropathies, portal fibrosis, and adverse birth 

outcomes10.   

 

Elevated level of arsenic in groundwater has been well 

documented in Chile, Mexico, China, Argentina, USA, 

and Hungary as well as in the Indian State of West 

http://www.ijrce.org/
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Bengal, Bangladesh, and Vietnam11. Five out of eight 

North-Eastern states are also affected by arsenic 

contamination. Manipur is ranked first and Assam as 

second followed by Arunachal Pradesh, Tripura and 

Nagaland. The GW in these regions is naturally arsenic 

enriched and therefore wide spatial distribution of As 

has been found in these areas. In North India, Punjab 

and Haryana and in South India, Andhra Pradesh and 

Karnataka are suffering with groundwater arsenic 

contamination. Low level of arsenic (up to 17 µg/L) 

has also been reported in Tamil Nadu from South India. 

Many of the states like Jammu and Kashmir, 
Uttarakhand, Odisha, Gujrat, Kerala, Telengana, Goa 

etc. are still unexplored for groundwater arsenic 

contamination. Thus, according to current reports out 

of 640 districts in India, 141 are As affected (As >10 

µg/L), among them 120 are above 50 µg/L12,13.  The 

present study revealed the present status of arsenic 

toxicity, spatial distribution in Dhemaji district of 

Assam and the trend of seasonal variations. The study 

would help to fling light on the water quality with 

respect to arsenic in one of the most important areas of 

northeast India. 

 

Material and Methods 
The study area Dhemaji district (Figure 1) is situated in 

the remote corner of north east India on the north bank 

of the river Brahmaputra. The district is located 

between 270 05/ 27// and 270 57/ 16// northern latitudes 

and 940 12/18// and 950 41/ 32// eastern longitudes. The 

district is divided into two sub-divisions viz. Dhemaji 

and Jonai, comprising of five development blocks viz. 

Dhemaji, Sissiborgaon, Bordoloni, Machkhowa and 

Morkongselek (Tribal). The soil of the district is 

broadly classified into four groups, namely new 
alluvial, old alluvial, red loamy and lateritic soil. The 

new alluvial soil is found in the flood plain areas 

subjected to occasional flood and consequently 

receives annual silt deposit when the flood recedes. 

The old alluvial soils are developed at higher level and 

are not subjected to flooding. Red loamy soils are 

formed on hill slopes under high rainfall conditions [14]. 

For the present study, sixty groundwater samples were 

collected from shallow hand tubewells (~ 60 ± 10 ft 

deep) of five development blocks of the district during 

December 2016 to November 2017 to assess the 
qualitative changes in arsenic loads. Majority of the 

tubewells for the collection of samples were for 

community use. Samples were collected by random 

selection and combined together in clean and sterile 

one-litre polythene cans to obtain a composite sample, 

1:1 HNO3 solution was added to each of the water 

samples (to make pH < 2.0) and stored in an ice box 
which were carried to the laboratory for arsenic 

analysis15. The locations of the sampling points were 

obtained with a hand held global positioning system 

(GPS, Germin 72 model) with position accuracy of less 

than 10m. The sampling locations are shown in Figure 

2 and block wise sample collection summary are given 

in Table 1. Samples were protected from direct sun 

light during transportation to the laboratory. All 

probable safety measures were taken at every stage, 

starting from sample collection, storage, transportation 

and final analysis of the samples to avoid or minimize 

contamination. Arsenic were analysed by using Atomic 

Absorption Spectrometer (Perkin Elmer AA- Analyst 

200, USA) with Flow Injection Analyze Mercury 

Hydride Generation System (Model–FIAS-100) at 

193.7 nm (detection limit 0.02 μg/L) as per the 

standard procedure16.  

 

 
Figure 1: A cross sectional view of the study area, 

Dhemaji district in Assam, India 

 

 
 

Figure 2: Map showing the Block wise distribution 

of 60 sampling stations in the study area 
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Table 1: Block wise physical location of sampling stations in the study area 

Block 

Name 

Sample 

No. 

Geographical Location Sample No. Geographical Location 

North (N) East (E) North (N) East (E) 

 

D
H

E
M

A
JI

 

A-1 27° 27.240'  94° 30.125'  A-7 27° 26.242' 94° 34.430' 

A-2 27° 29.815'  94° 36.106' A-8 27° 30.479' 94° 31.978' 

A-3 27° 30.290'  94° 29.132' A-9 27° 28.867' 94° 33.725' 

A-4 27° 23.866'  94° 28.076' A-10 27° 26.530' 94° 28.565' 

A-5 27° 25.113'  94° 31.145' A-11 27° 27.735' 94° 31.840' 

A-6 27° 33.466'  94° 34.762' A-12 27° 30.245' 94° 34.560' 

 

S
IS

IB
O

R
G

A
O

N
 

B-1 27° 34.870'  94° 41.540' B-7 27° 35.245' 94° 43.456' 

B-2 27° 35.986'  94° 47.031' B-8 27° 36.460' 94° 42.655' 

B-3 27° 35.821'  94° 37.930' B-9 27° 31.887' 94° 39.777' 

B-4 27° 39.306'  94° 48.409' B-10 27° 36.441' 94° 50.414' 

B-5 27° 38.037'  94° 41.128' B-11 27° 30.082' 94° 43.608' 

B-6 27° 33.241' 94° 45.064' B-12 27° 38.328' 94° 44.647' 

 

M
A

C
H

K
H

O
W

A
 

C-1 27° 19.240' 94° 31.730' C-7 27° 17.224' 94° 33.454' 

C-2 27° 21.543' 94° 32.917' C-8 27° 22.275' 94° 34.560' 

C-3 27° 17.230' 94° 36.225' C-9 27° 16.226' 94° 35.450' 

C-4 27° 16.460' 94° 34.137' C-10 27° 18.182' 94° 34.645' 

C-5 27° 19.528' 94° 33.913' C-11 27° 18.860' 94° 35.577' 

C-6 27° 20.477' 94° 35.164' C-12 27° 20.475' 94° 36.827' 

 

B
O

R
D

O
L

O
N

I 

D-1 27° 26.230' 94° 24.570' D-7 27° 26.222' 94° 26.345' 

D-2 27° 23.450' 94° 21.225' D-8 27° 27.466' 94° 22.450' 

D-3 27° 30.387' 94° 26.442' D-9 27° 23.572' 94° 25.376' 

D-4 27° 26.240' 94° 20.450' D-10 27° 22.573' 94° 23.252' 

D-5 27° 25.983' 94° 22.250' D-11 27° 29.884' 94° 23.957' 

D-6 27° 29.631' 94° 21.097' D-12 27° 27.760' 94° 18.780' 

 

M
O

R
K

O
N

G
S

E
L

E
K

 

(T
R

IB
A

L
) 

E-1 27° 41.713' 94° 55.991' E-7 27° 43.510' 94° 53.888' 

E-2 27° 44.453' 95° 2.544' E-8 27° 45.670' 95° 14.765' 

E-3 27° 46.225' 95° 4.560' E-9 27° 47.225' 95° 10.225' 

E-4 27° 48.630' 95° 13.744' E-10 27° 47.810' 95° 18.229' 

E-5 27° 50.778' 95° 20.261' E-11 27° 49.786' 95° 16.159' 

E-6 27° 44.840' 94° 59.183' E-12 27° 37.956' 94° 52.321' 
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Results and Discussion 

The experimental findings of the experimental data are 

summarized in Table 2. The GIS map for block wise 

arsenic distribution in both pre and post – monsoon 

season have been presented in Figure 3 and 4.  

 

 

Table 2: Block wise Arsenic concentrations in the study area 
 

Block 

Name 

Sample 

No. 

Arsenic Concentration 

 (in µg/L) 

Sample 

No. 

 

Arsenic Concentration                          

(in µg/L) 

Pre-Monsoon Post-Monsoon Pre-Monsoon Post-Monsoon 

 

D
H

E
M

A
JI

 

A-1 3.05 5.20 A-7 12.25 14.20 

A-2 BDL* 3.25 A-8 6.20 10.50 

A-3 10.70 13.50 A-9 12.80 8.25 

A-4 4.80 5.75 A-10 3.12 9.50 

A-5 BDL* 4.60 A-11 7.10 9.10 

A-6 15.60 17.95 A-12 4.30 4.10 

 

S
IS

IB
O

R
G

A
O

N
 

B-1 12.40 11.20 B-7 10.30 19.45 

B-2 13.05 14.40 B-8 17.01 15.30 

B-3 10.57 8.04 B-9 12.60 12.10 

B-4 14.30 14.20 B-10 7.25 12.45 

B-5 12.15 10.05 B-11 7.18 8.25 

B-6 9.40 13.10 B-12 14.20 15.70 

 

M
A

C
H

K
H

O
W

A
 

C-1 5.20 5.45 C-7 7.30 9.20 

C-2 3.15 BDL* C-8 7.20 9.50 

C-3 8.18 10.30 C-9 9.04 11.38 

C-4 7.50 9.70 C-10 8.14 5.80 

C-5 4.10 5.60 C-11 5.90 7.20 

C-6 5.40 6.30 C-12 9.10 11.74 

 

B
O

R
D

O
L

O
N

I 

D-1 6.30 7.50 D-7 7.30 8.40 

D-2 7.10 6.52 D-8 12.40 9.25 

D-3 8.14 5.80 D-9 10.40 11.70 

D-4 6.90 4.20 D-10 13.12 9.20 

D-5 8.10 10.74 D-11 10.30 9.55 

D-6 4.30 6.25 D-12 7.05 8.80 

 

M
O

R
K

O
N

G
S

E
L

E
K

 

(T
R

IB
A

L
) 

E-1 14.40 9.25 E-7 8.40 9.75 

E-2 17.40 18.70 E-8 4.20 4.95 

E-3 13.12 14.20 E-9 10.54 10.15 

E-4 12.30 9.55 E-10 7.50 5.55 

E-5 7.05 6.80 E-11 7.60 8.50 

E-6 9.40 9.75 E-12 5.30 7.45 

*BDL: Below detection limit 
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Figure 3: Pre- Monsoon season spatial distribution map for arsenic among the sampling stations 

 

From analysis of water samples it is observed that the 

district fall under toxic and alert categories with 

respect to As as 37 % of the analysed samples exceed 

the permissible limit set by WHO/BIS (10 µg/L)17,18. 
The observed values of concentration for arsenic 

content in the water samples ranges from BDL to 19.45 

µg/L. The highest arsenic concentration was recorded 

at sampling point, B-7 of Sissiborgaon development 
block. This block was most badly affected, where 75% 

of the samples had arsenic concentration above the 

WHO drinking water guideline values. Significant 

variation was observed between pre-monsoon (October 

to April) and post-monsoon (May to September). 

Arsenic concentration is sufficiently higher in post-

monsoon than in pre-monsoon season. Long term 

exposure to As contaminated water may lead to various 

diseases such as conjunctivitis, hyperkeratosis, 

hyperpigmentation, cardiovascular diseases, 

disturbance in the peripheral vascular and nervous 
systems, cancer of the skin, lung, liver, urinary bladder 

and kidney skin, gangrene, leucomelonisis, nonpitting 

swelling, hepatomegaly and splenomegaly19.    
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 Figure 4: Post-Monsoon season spatial distribution map for arsenic the sampling stations 

Conclusion 

Arsenic contamination of groundwater is an alarming 

problem on a global scale. In several parts of the world, 

biogeochemical processes have resulted in dissolution 

of naturally occurring arsenic into groundwater. For 

almost two decades, research on arsenic has gained a 

considerable momentum as response arsenic to the 
detrimental health effects of the element. The 

recognition of the scale of arsenic enrichments in 

groundwater in West Bengal, India and Bangladesh 

and elsewhere has opened up a serious concern in the 

scientific community. Billions of people use to drink 

waters from aquifers daily however; new reports are 

coming from different areas regarding arsenic 

contamination. Several factors are involved in the ever 

expanding impure water tables throughout the world, 

involving new aquifers that are yet to be recognized. 

Therefore, the primary concern to counter the problem 

of groundwater contamination especially with a high-
priority toxic substance like arsenic in a newly reported 

region is an early survey-based detection of the 

pollution and identification of the affected sources to 

remediate the crisis. The mitigation strategy for the 

problem in the area might be specific to the location, 
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taking into considerations the geomorphological 

variations and socioeconomic conditions. 

Understanding the groundwater movements require in-

depth characterization and routine verification of 

physical hydrogeology. Moreover, community 

participation to make the villagers of the affected 

regions of the district studied understand the signs and 

symptoms of the chronic arsenic toxic effects is of 

utmost necessary. Again, cost-effective, user friendly 

technologies providing pure water are required to 

counter the serious health hazards due to consumption 

of arsenic contaminated water. A long-term 
environmental planning and integrated research is 

essential to mitigate the danger of such poisoning. A 

wholistic approach involving medical practitioners, 

scientists, and social workers will need to work 

coherently to find out a solution that can lessen 

sufferings of the humanity and making a provision for 

safe drinking water. 
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