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ABSTRACT 
Arsenic toxicity and its widespread substantial distribution is becoming a major concern throughout 
the world. Recently, vast areas of North-eastern States of India have been detected with high 
concentration (range 50-986 µg/l) of ground water arsenic. The level is distressingly significant when 
compared to the permissible limits quoted by WHO (World Health Organization) and BIS (Bureau of 
Indian Standards) (10 µg/l and 50 µg/l respectively). Rapid urbanization and expansion of agricultural 
irrigation systems have increased the problem in many folds. Statistical analysis has shown that 
nearly seven hundred thousand people are facing major and minor health hazards associated with 
arsenic contamination by one way or the other. The ground reality of the situation and gravity of the 
arsenic concentration in water necessitates a thorough and in-depth survey. This review paper 
emphasizes on the occurrence and distribution process of arsenic in ground-water sources as well as 
associated health risks in North-eastern Region (NER) of India. 
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INTRODUCTION 

The quality of groundwater has become a serious 
issue for people living throughout the world as of 
increasing toxicity. Many potable water 
resources have been freshly detected with high 
concentration of toxic metalloids. Such 
contaminants in potable water can cause adverse 
health problems as these toxic metalloids are not 
biodegradable and can directly affect the 
metabolic systems of human. During the last 
decades, Arsenic (As), an alleged carcinogen has 
gained much attention in scientific community 
and concerned people for its widespread 
distribution and toxicity in drinking water. A 
study in 2007 reported that 137 million people of 
70 countries are affected by arsenic poisoning.1 
To mention, the South West coast of Taiwan had 
observed severe arsenicosis cases like Black Foot 
Disease (BFD), Hyper-pigmentation and 
cancerous keratosis in that period whereas in 

India, first arsenic contamination was reported 
from West-Bengal in the year of 1983 and since 
then many states in the flood plains of 
Himalayan plateau has joined the league of this 
slow-death mineral.2, 3 More than 0.2 million 
people in West Bengal have been detected with 
clinical manifestation of As-related toxicity.4 
Recent detection of arsenic in groundwater from 
large areas of North-Eastern region of India has 
ranged the bell of concern for millions of people. 
Arsenic is a ubiquitous element found in the 
soil and rocks, natural waters and organisms 
that mobilizes through a combination of 
natural process and anthropogenic activities. 
Weathering, microbial metabolism and 
volcanic eruptions are some of the natural 
process through which ground water can be 
contaminated by As. Anthropogenic 
activities like mining, combustion of fossil 
fuels, use of arsenical pesticides, herbicides 
and crop desiccants and agricultural 
additives for livestock are also responsible *Author for correspondence 
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for exaggerating the arsenic in soil and 
groundwater.5 Though researches have made 
advancement in understanding the 
distribution, occurrence and mobilization of 
arsenic in groundwater on a global scale, on 
regional extent it is still poor and lacks 
proper knowledge and information. Most 
people of NE India are primarily dependent 
on dug-well, pond and naturally occurring 
spring water. Astoundingly, it has been 
estimated that 60% of these water sources 
are contaminated with arsenic concentration 
much higher than the WHO and BIS 
guidelines of 10 µg/l and 50 µg/l 
respectively.6-8  In a study conducted by the 
Northeastern Regional Institute of Water and 
Land Management (NERIWALM), it has 
been found that 20 out of 24 districts of 
Assam have As content exceeding 50 μg/l.9  

Another study has reported that Karimganj 
and Dhemaij are the most worst affected 
areas of Assam where 19.1 % of 
groundwater has arsenic concentration above 
50 μg/l, and 2.1% contains even more than 
300 μg/l.10  Continuous consumption of this 
water has the potential of posing serious 
health hazard to the local population. 
Though a number of restorative and 
precautionary measures have been taken to 
supply Arsenic free water to the affected 
population and development of devices for 
Arsenic removal yet, the effort is 
insignificant while looking to the larger 
arena of the stated problem.  

DISCUSSION 
Distribution of arsenic in North-eastern 
region 
Arsenic is a unique oxyanion forming metalloid 
of group XV in the periodic table. There are 
different inorganic and organic forms of arsenic 
and oxidative states (-3, 0, +3, +5). However, in 
aqueous condition As3+ and As5+ are more 
dominant than other species. Speciation of the 
element is pH sensitive and depends on redox 
potentiality (Eh) of the water. Under oxidizing 
conditions at low pH (≤ 6.9), H2AsO4

– is 
dominant, whilst at higher pH, HAsO4

2– is more 
dominant (H3AsO4

0 and AsO4
3– also may present 

in extremely acidic and alkaline conditions 
respectively). Under reducing conditions at pH 
less than about 9.2, the uncharged arsenite 
species H3AsO3

0 will be predominate.11, 12 In the 
presence of extremely high concentrations of 
reduced sulphur, dissolved arsenic-sulphide 
species can be significantly available (Fig. 1). 
Reducing, acidic conditions favour precipitations 
of orpiment (As2S3), realgar (AsS) or other 
sulphide minerals containing co-precipitated 
arsenic. Therefore high arsenic waters are not 
expected where there is a high concentration of 
free sulphide.13 Thioarsenite species will be more 
important at neutral and alkaline pH in the 
presence of very high sulphide concentrations. 
Under oxidizing environment arsenate (As5+) is 
found to be more stable and while arsenite (As3+) 
is more dominant species in reducing 
environments.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Stability diagram for arsenic in As-S-O-H system at 25
o
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Distribution of As in natural water mainly 
depends on geochemical characteristics of the 
aquifer materials.14 Most of the arsenic 
affected floodplains in Asia are by the side of 
the rivers that originate in the Himalayas 
foothills. Thus it is considered that Himalayas 
and surrounding mountains are possible 
sources of arsenic bearing minerals. The 
sediments of Bengal Delta Plain (13th Largest 
Delta in the World) contain high percentage of 
clay and organic matter deposits which reacts 
with Fe and Mn - Oxyhydroxide minerals 
accordingly reach high Reduction Potential 
(Eh) value and strongly absorb arsenical 
elements for auxiliary releases the toxic in the 
groundwater.15, 16 A recent research have found 
that average As content of Carbonaceous 
matter from Northeastern Region is 95.1 
mg/kg.17 Weathering of sulphide content in 
these carbonaceous matter produced As-rich 

iron oxyhydroxide; which in oxygen deficient 
environment, releases As to the existing 
sedimentary layers of Arunachal Pradesh, 
Assam, Nagaland and Meghalaya. (Table 1) 
Source of arsenic in North-east India 
Arsenic is the 20th most abundant element in 
the earth crust and its traces can be found in 
more than 245 types of minerals. These are 
typically ores containing sulfide, copper, 
nickel, lead, cobalt etc. The earthly 
profusion of arsenic is approximately 1.5-3 
mg/kg. The most of the reported case of 
arsenic in the Himalayan region are as a 
cause sedimentary mobilization under 
natural hydrogeological conditions and few 
are as a cause human extravagance. So, the 
sources of arsenic in the environment can be 
subcategorized into natural and 
anthropogenic sources.17, 18 

Table 1 : Distribution of total arsenic content in carbonaceous matter of North-east India16 

Natural sources 
The definite source of groundwater arsenic 
contamination, in the Ganga-Brahmaputra 
basin, is yet to be established. The Ganges-
Brahmaputra river system covering the states 
of North-eastern India has several types of 
sediment depositions since ages, which serves 
as reservoirs of arsenic and the concentration 
of the element in these deposits can be as high 
as 490 mg/kg. Several arsenic bearing 
sediments have already been identified in 
Bengal delta plain viz. Gondwana coal seams, 
Bihar mica-belt, pyrite bearing shale, Son 
valley gold belt etc.19-21 
Anthropogenic activities 
Intense exploitation of groundwater, 
application of fertilizers, burning of coal and 
leaching of metals from coal-ash            
tailings  are   the root causes for anthropogenic 
contamination. Average concentration of As in 
Indian coal ranges up to 3.72 mg/kg. Whereas,  

a maximum value of 40 mg/kg has also been 
reported in North-eastern regions, thus coal 
combustion in NE India is considered as one of 
the major sources of anthropogenic As 
emission in the environment. Several 
metallurgical plants, cement factories, 
incineration and chemical industries in this 
region also play a role in poisoning the 
environment.20, 21, 19  
Health effects 
International Agency for Research on Cancer 
(IARC) has listed As as potent human 
carcinogen and has also been ranked first in a 
list of 19 hazardous substances by Agency for 
Toxic substances and Disease Registry 
(ASTDR) and United State Environmental 
Protection Agency.22,23 Its toxicity can be 
gleaned from the fact that a report published 
by WHO has predicted that within a few years, 
out of every ten deaths across the southern 
Bangladesh could be from Arsenic toxicity.24  

 
States 

Types of  
Carbonaceous 

materials 

 
Carbon (wt %) 

Arsenic (μg/kg) 

Range Average 
Assam   Sub-bituminous 70.381–71.143 44.0–78.0 61.0 
Nagaland  Lignitic 53.825–56.124 56.0–68.0 62.0 
Meghalaya Sub-bituminous 58.202–58.791 106.0–238.0 172.0 
Arunachal Pradesh Graphitic 66.012–71.981 39.0–50.0 44.5 
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Arsenicosis is the chronic illness resulting 
from drinking water with high concentration of 
“As” over a long period of time. The enormity 
of the disease is directly proportional to the 
concentration of dose, nutritional status of the 
person and the duration of exposure. In India 
first arsenicosis was detected in Chandigarh in 
the year of 1978 and then in 1984 in West-
Bengal where a large number of people were 
diagnosed with arsenic induced skin lesion.25 
Those were only the beginning as since then 
thousands of such cases has been reported 
from various state and districts of Ganga-
Brahmaputra plain viz. Bihar, Uttar Pradesh, 
Jharkhand, Assam, Chhattisgarh and Andhra 
Pradesh. Due to geographical and geological 
location of Northeast bordering the 
Bangladesh; Assam and its neighboring state 
are considered to be the most prone areas for 
arsenic poisoning as most of the cases of 
arsenicosis reported till date are from 
Bangladesh. A more of a recent survey by IIT 
Guwahati, India and Assam Public Health and 
Engineering department (APHED), Assam, 
India, has revealed more than seven hundred 
thousand people of the state of Assam are 
exposed to chronic arsenic poisoning.26  
The great anomaly of Arsenic toxicity is that 
the symptoms remain latent for initial exposure 
of 5-10 years, resulting in delayed 
prophylaxis.27-30 It is a protoplasmic poison 
due to its effect on sulphydryl group of cells 
interfering with enzyme activities, respiration 
and mitosis. Initial change in skin 
pigmentation is typically followed by the 
hyperkeratosis and finally leads to skin cancer. 
Two different types of skin cancer are 
pragmatic, one the basal cell carcinoma which 
is locally invasive and other the squamous cell 
carcinoma which has distant metastasis. 
Generally cancer induced by arsenic poisoning 
are different from those induced by ultraviolet 
light as most of the arsenicosis occurs on those 
areas of the body which are not commonly 
exposed to sunlight e.g. soles and palms.31-33 
Apart from the cancerous formation, 
arsenicosis can also become a cause of 
weakness, anemia and effect peripheral 
nervous system, chronic lung disorders and 
peripheral vascular disease.34-36 Other 
conditions   such   as   conjunctivitis,  keratitis,  

rhinitis, cardiovascular disease, gastrointestinal 
disease, hematological abnormalities, cerebro-
vascular disease, dysosmia, cataract, 
nephropathy, solid edema of the limbs and 
diabetes mellitus, can also be observed in some 
cases.37-39   
Arsenic enters into the body mainly through 
ingestion or inhalation, dermal absorption 
account very less proportion. Most of the 
absorbed arsenic are converted to less toxic 
methylated forms by liver and then efficiently 
excreted through urine.40 However, a 
prolonged exposure results in decreasing 
efficiencies of the excretal systems. Urinary 
excretion of the Dimethylarsinic acid (DMAA) 
and Trimethyarsinic acid (TMAA) during the 
intake of water with high concentration of 
arsenic is considered as a preclinical stage or 
preliminary diagnostic stage of arsenocosis.41 
Normal excretion of arsenic in urine should be 
in a range of 5 - 40 µg/day.42 In a diagnosis of 
56 random urine samples 37 samples were 
found to have arsenic in a concentration 
exceeding the normal limit by 5-10 times in 
the state of Manipur.43 During our assessment 
we have also come across a few children who 
have developed the primary sign of keratosis in 
Barack-Valley region of Assam, India. This is 
the indication of future danger and 
precautionary measures should be engaged as 
soon as possible (Fig. 2). 
Arsenic menace in North east India 
The people of Northeastern Region (Fig. 3) are 
solely dependent on the natural water 
resources for their day-to-day servings and the 
recent detection of arsenic in many areas has 
posed an upsetting risk for human health. 
Arsenic contamination in groundwater of 
Assam was first reported in 2004. Recently, 
the state has been in the limelight with an eye-
notching arsenic content of 194-657 µg/l 
observed in Jorhat (Titabor, Dhakgorah, 
Selenghat and Moriani Block), 100-200 µg/l in 
Dhemaji (Sissiborgaon and Dhemaji Block), 
Golaghat district (Podumani Block) 100-200 
µg/l and Lakhimpur (Boginodi, Lakhimpur 
Block) 50-550 µg/l. In 2007, the state of 
Manipur also came to the radar with a 
recording concentration of 798-986 µg/L of 
Arsenic in the groundwater of Thuobal 
(Kakching) Block. 
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Fig. 2 : Arsenocosis patient  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : Geographical location of North-east India 
Recently, districts of Mokokchung, Mon, 
Wokha and Zunheboto in the state of 
Nagaland were also found to contain traces of 
arsenic in groundwater with concentration 
ranging between 50-278 µg/L. Patches of 
West Tripura (Triania Block), Dhalai (Salema 
Block) and North Tripura (Dharmanagar 
Block) in the state of Tripura and districts of 
Dibang, West Kameng, East Kameng, Lower 
Subansiri and Tirap in the state of Arunachal 

Pradesh were also found to contain 
groundwater arsenic9,24 (Table  2). A report 
from the School of Environmental Studies, 
Jadavpur University (SOES, JU) and North-
eastern Regional Institute of Water and Land 
Management (NERIWALM) has noted the 
presence of arsenic amounting 10 μg/L and 50 
μg/L in 45.96% and 22.94% of the total 1, 
69,698 hand tube-well water samples 
examined in the states respectively and 3.3% 
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of the analyzed samples were found to 
contain arsenic concentrations above 300 

μg/L, a dosage enough to pre-dispose a 
person to arsenic sis. (Fig. 4).  

Table 2 : Distribution of groundwater arsenic in Northeastern States of India8,9,23 

S/N State Affected district Arsenic concentration (µg/l) 

1 Assam 

Jorhat 194 - 657  
Golaghat 100-200 
Dhemaji 100 - 200  
Lakhimpur 50-550 
Karimganj 50 - 300  
Nagaon 112-481 
Dhubri 100-200 
Darrang 200 
Barpeta 100-200 
Nalbari 100-422 

2 Arunachal 
Pradesh 

Papum Pare 74 
Dibang Valley 75 - 618 
West Kameng 127 
East Kameng 58 
Lower Subansiri 63-159 
Tirap 90 

3 Nagaland Mokokchung, Mon, 
Wokha, Zunheboto 

50-278 

4 Tripura West Tripura 65 - 444 
North Tripura 

5 Manipur Thoubal 798 - 986 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 : Graphical representation of groundwater arsenic concentration in five most effected states 
of Northeastern region of India. (Manipur leading the statistics with Assam as second followed by 

Arunachal Pradesh, Tripura and Nagaland respectively) 
Remediation 
Concern and curiosity regarding the notorious 
arsenic has made possible for development of a 

number of remedial methods based on the 
principle of oxidation-reduction, precipitation, 
adsorption, ion-exchange and membrane 
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processes to provide safe potable water to the 
communities. These methods are simple and 
reliable but require constant monitoring and 
assessment as the chemical used for the oxidation 
or precipitation may lead to formation of 
secondary sludge which in turn could be more 
poisonous than the element of concern. 
Therefore, the sustainability, efficiency and 
economic feasibility of such methods are still 
uncertain (Table 3) as in terms of cost, need for 
operation and maintenance and expected 
sustainability.44 Even with all the available 
techniques and technologies, initiation for 
resolving the problem is still meager in these 
states and government bodies are also unwilling 
to come up with any new measure to control 
future epidemic. Although few remediation has 
been done in some districts of Northeastern India 
but poor management and lack of concern from 
neighboring people has limited their 
functionality. Consequently, people residing in 
these areas have no alternatives than to 
continuing living with the risk. The only arsenic 
mitigation technique presently in use throughout 
the region is Arsenic Removal Plant (ARP) 
attachable to hand-pumps (Fig. 5). Such ARPs  
are mainly based on the principle of adsorption, 
precipitation, and ion exchange. Groundwater 
enters into first filter which is filled with gravels 

and sand at the top which can filter the 
suspended particles in the water, then the water 
free of particles moves towards the second 
tower or the adsorption tower amended with 
ferric hydroxide which adsorb the As from 
water for potable use. At present, the system is 
being provided and installed by the Assam 
Public Health and Engineering Department 
(APHED). Unfortunately, such efforts are a 
long way to go when compared the total plants 
installed to the volume of affected areas. Again, 
accountability of this system is also low as 
confirmed through a survey conducted by 
Jadavpur University in five arsenic affected 
areas of West-Bengal where similar kind of 
ARPs were installed. Out of the 577 ARPs 
surveyed, 25.1% (145 nos.) were found to be 
dysfunctional and among 264 ARP’s tested, 
53.1% and 27.7% are unable to remove arsenic 
below the levels as mentioned in WHO and BIS 
guidelines. It seems the pre-installation survey 
by the installing agency was also not 
instrumental enough, as 70 such systems were 
installed in sites where arsenic concentrations 
were already below the permissible guidelines.45 
Therefore, an efficient economic and user 
friendly method for arsenic remediation with a 
well-tailored survey is what the people of 
northeast India need at this hour.46-51 

Table 3: Major arsenic removal techniques : Advantages and disadvantages 43 

S/N 
Name of 

the 
technique 

Removal 
efficiency 

 
Advantages 

 
Disadvantages 

As(V) As(III) 
Oxidation/Precipitation technique 
1.1 Wet Air 

oxidation 
(WAO) 

+ +++ Simple low cost arsenic 
removal process; also 
oxidizer other organic and 
inorganic elements of 
water 

Relatively slow process 
and  mainly removes 
arsenic (V) 
 

1.2 Chemical 
oxidation 

- +++ Relatively simple rapid 
oxidization methods for 
water impurities with 
minimal residual mass; 
Kills water borne 
microbes also. 

pH and chemical 
composition often act as a 
rate limiting factors 

Coagulation/Co-precipitation 
2.1 Alum 

coagulation 
 
- 

 
+++ 

Low cost simple operation 
effective over a wide range 
of pH 

Pre-oxidation is often 
required for efficient 
removal of arsenic; 
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produces secondary toxic 
sludge’s 

2.2 Iron 
coagulation 

 
++ 

 
+++ 

The prerequisites are 
commonly available and 
more efficient than alum 
coagulation. 

Removal of As(III) is not 
up to the mark; 
sedimentation and 
filtration is needed 

2.3 Lime 
softening 

 
+ 

 
+++ 

Efficient process and 
largely independent of 
scale 

Maintenance of high pH 
and generation of 
secondary sludge’s which 
often increase the cost of 
processing 

Sorption and ion-exchange technologies 
3.1 Activated 

alumina 
 
++ 

 
+++ 

 
Relatively well known and 
commercially available 

Less removal of arsenate; 
produces arsenic rich 
wastes; regeneration 
often requires strong 
acids and bases; water 
rich in iron, manganese 
requires pretreatment 

3.2  
Iron coated 
sand 

 
++ 

 
+++ 

Inexpensive; remove both 
As(III) and As(V) 

Standardization is 
required for different 
source media; produces 
toxic solid waste 

3.3 Ion-exchange 
resin 

- +++ High adsorption capacity; 
pH independent; exclusive 
ion specific resin to remove 
arsenic 

Expensive; requires 
constant monitoring; 
sulfate and TDS 
interferes with the 
operation 

Membrane based 
4.1 Nanofiltration +++ +++ Well-defined and removal 

efficiency is very high with 
low pressure 

Pretreatment is required; 
relatively expensive 

4.2 Reverse 
osmosis 

+++ +++ No toxic solid waste is 
produced 

Requires an constant 
monitoring and 
maintenance 

Key: +++ Consistently > 90% removal; ++ Generally 60 – 90% removal ; + Generally 30 – 60% removal ; - < 30% removal 

 
 

 

 

 

 

Fig. 5 : Hand-pump attached to Arsenic Removal Plant. (ARP) 
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CONCLUSION 
This review has summarized the present 
scenario of arsenic contamination in the states 
of Northeast India. Various types of skin 
manifestations and other toxicity such as 
melanosis, keratosis, hyperkeratosis, dorsal 
keratosis and non-pitting edema and cancer 
can also be observed in patients of this region 
but still lagging behind in the name proper 
health measures. In the absence of alternate 
source of arsenic free irrigation water, village 
and sub-urban people have continued to 
explore new water sources (probably 
arseniferous aquifers) resulting in further 
exacerbation of the problem. This eventually 
indicates that the effects of this occurrence 
have far-reaching consequences. Sooner we 
search sustainable solutions to resolve the 
problem, lesser be its future environmental, 
health, socio-economic and socio-cultural 
hazards. Despite these reports from different 
institutes and researcher, government is still 
unsuccessful in providing safe drinking water 
to the people of these states. A long-term 
environmental planning and integrated 
research is essential to mitigate the danger of 
such poisoning. 

ACKNOWLEDGEMENT 
The authors are grateful to all the staff and 
faculty members of the Department of 
Agricultural Biotechnology, Assam 
Agricultural University and the Centre for 
Studies in Biotechnology, Dibrugarh 
University, Assam, India, for their keen 
interest and perseverance.  

REFERENCES 
1. http://usatoday30.usatoday.com/news/worl

d/2007-08-30-553404631_x.htm. Accessed 
20 February, (2013). 

2. Santra S. C., Samal A. C., Bhattacharya P., 
Banerjee S., Biswas A. and Majumdar J., 
Procedia Arsenic in foodchain and 
community health risk : A study in 
Gangetic West Bengal. Environ. Sci.,18(1), 
2–13, (2013). 

3. Shah B. A., Arsenic-contaminated 
groundwater in Holocene sediments from 
parts of Middle Ganga Plain, Uttar 
Pradesh, India. Curr. Sci., 98(1), (2010).  

4. McArthur J.M., Ravenscroft P. and Sracek 
O., Aquifer arsenic source. Nat. 
Geosci.,4(3), 655-656, (2011).  

5. Buragohain M. and Sarma H. P., A study 
on spatial distribution of arsenic in ground 
water samples of Dhemaji district of 
Assam, India by using Arc View GIS 
software. Sci. Revs. Chem. Commun.,2(1), 
7-11, (2012). 

6. World Health Organization, Guidelines for 
drinking water quality. Geneva: World 
Health Organization, http://www.lenntech 
.com/WHO’s-drinking-water-standards. 
htm., 20-02-13, (1993). 

7. Bureau of Indian Standards (BIS) (1991). 
10500:1991, Second Revision ICS No. 
13.060.20., http://www.bis.org.in/sf/fad /F 
AD25 (2047) C.pdf., 20-02-13, (2013). 

8. Shuklaa D. P., Dubeya C.S., Singha N. P., 
Tajbakhshb M. and Chaudhrya M., Sources 
and controls of Arsenic contamination in 
groundwater of Rajnandgaon and Kanker 
District, Chhattisgarh Central India.   Show 
more DOI: 10.1016/j.jhydrol.2010.10.011. 
J. Hydrol.,395 (1-2), 49-66, (2010). 

9. Bordoloi R., Existence of arsenic in ground 
water and its effect on health. Int. J. 
Comput. Appl. Eng. Sci.,2 (3), 270-272, 
(2012). 

10. Saikia K. C. and Gupta S., Assessment of 
surface water quality in an arsenic 
contaminated village. Am. J. Environ. 
Sci.,8 (5), 523-527, (2012).  

11. Yamaguchi N, Nakamura T., Dong D., 
Takahashi Y., Amachi S. and Makino T., 
Arsenic release from flooded paddy soils is 
influenced by speciation, EH, pH and iron 
dissolution. Chemosp., 83(7), 925-32, 
(2011).  

12. Gupta S. and Gupta V., Speciation and 
toxicity of arsenic : A Human Carcinogen. 
Res. J. Rec. Sci., 2(1), 45-53, (2013).  

13. Anawar M. H., Akai J., Mihaljevic M., 
Sikder A. M., Ahmed G., Tareq S. M. and 
Rahman M. M., Arsenic contamination in 
groundwater of Bangladesh : Perspectives 
on geochemical, microbial and 
anthropogenic issues. Wat, 3(3), 1050-
1076, (2011). 

14. Weerasiri T., Wirojanagud W. and Srisatit 
T., Arsenic contamination in soils, water 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol. 9 No. 03, January-March 2015 

630 
 

and plants surrounding gold mine at 
Wangsaphung, Loei province, Thailand.  J. 
Environ. Res. Develop.,6 (3), 381, (2012).  

15. Selim Rezaa A. H. M., Jeana J. S., Leeb M. 
K., Yanga H. J. and Liua C. C., Arsenic 
enrichment and mobilization in the 
Holocene alluvial aquifers of the Chapai-
Nawabganj District, Bangladesh : A 
geochemical and statistical study.  Appl. 
Geochem.,25 (8), 1280-1289, (2010). 

16. Santra S. C. and Samal A. C., Arsenic 
scenario in Gangetic delta of West-Bengal: 
risk and management. The Ecoscan.,3(1), 
41-55, (2013). 

17. Mudhoo A., Sharma A. K., Garg V. K. and  
Tseng C. H., Arsenic : An overview of 
applications, health, and environmental 
concerns and removal processes, Crit. Rev. 
Environ. Sci. Tech., 41(2), 5, (2011).  

18. Devi N. L., Yadav C. I. and Qi S., Recent 
status of arsenic contamination in 
groundwater of Northeastern India : A 
review. Rep. Opin., 1(3), 22-32,  (2009). 

19. Chakraborti D., Rahman M. M., Das B., 
Nayak B., Pal A., Sengupta M. K., Hossain 
M. A., Ahamed S., Sahu M., Saha K C., 
Mukherjee S C., Pati S., Dutta R N. and 
Quamruzzaman Q., Groundwater arsenic 
contamination in Ganga-Meghna–Brahma-
putra plain, its health effects and an 
approach for mitigation. Environ. Ear. Sci., 
70(5), 1993-2008, (2013). 

20. Barringer J.L. and Reilly P. A., Arsenic in 
Groundwater : A Summary of sources and 
the biogeochemical and hydrogeologic 
factors affecting arsenic occurrence and 
mobility. Environ. Sci. : Cur. Perspect. in 
Contam. Hydrol. Wat. Res. Sustain., edited 
by Paul M. Bradley, ISBN 978-953-51-
1046-0, (2013). 

21. IARC, Arsenic and arsenic compound. 
IARC Monograph http://monographs.iarc. 
fr/ENG/Monographs/vol100C/mono100C-
6.pdf., 20-02-13, (2014). 

22. Agency for toxic substances and disease 
registry, US Department of Health and 
Human Services, http://www.atsdr.cdc.gov. 
20-02-13, (2008). 

23. Chetia M., Chatterjee S.,  Banerjee S., Nath 
M. J.,  L Singh.,  Srivastava  R. B. and 
Sarma H. P., Groundwater arsenic 

contamination in Brahmaputra river basin: 
A water quality assessment in Golaghat 
(Assam), India. Environ. Monit.  
Assess.,173 (1-4), 371-385, (2010). 

24. Mazumder D. N. G., Chronic arsenic 
toxicity and human health. Ind. J. Med. 
Res.,128, 436-447, (2008). 

25. The Telegraph, Arsenic threatens seven 
lakh in Assam- Survey detects high levels 
in 18 districts, http://www.telegraph 
india.com/1110125/jsp/ frontpage/story_ 
13488743.jsp., 20-02-13, (2009). 

26. National Research Council : Arsenic in 
Drinking water, Prepublication Copy, 
National Academy Press, http://www.nap 
.edu/openbook.php?isbn=0309063337, 20-
02-13 (2009). 

27. António A. L. S. D., Sílvia J. A. C. and 
António J. A., Emerging and innovative 
techniques for arsenic removal applied to a 
small water supply system, Sustain., 1(1), 
1288-1304, (2009). 

28. Yunus F. M., Rahman M. J., Alam M. Z., 
Hore S. K. and Rahman M., Relationship 
between arsenic skin lesions and the age of 
natural menopause. BMC Pub. Heal., 
14(1), 419, (2014). 

29. Lim K. T., Shukor M. Y. and Wasoh H., 
Review article physical, chemical and 
Biological methods for the removal of 
arsenic compounds, Biomed. Res. Int., 
12(1),  503-515, (2014). 

30. Dodmane P. R., Arnold L. L. and Cohen S. 
M., Mode of action for inorganic arsenic 
toxicity and carcinogenesis. Chin. Sci. 
Bull., 59 (11), 1078-1082, (2014). 

31. Argos M., Kalra T., Pierce B. L., Chen Y., 
Parvez F., Islam T., Ahmed A., Hasan R., 
Hasan K., Sarwar G., Levy D., Slavkovich 
V., Graziano J. H., Rathouz P. J. and 
Ahsan H., A prospective study of arsenic 
exposure from drinking water and 
incidence of skin lesions in Bangladesh. 
Am. J. Epidemiol., 174(2), 185-194, 
(2011). 

32. Martinez V. D., Vucic E. A., Becker-
Santos D. D., Gil L. and Lam W. L. pages 
Arsenic exposure and the induction of 
human cancers, J. Toxicol., 431287 doi:  
10.1155/2011/431287, (2011). 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol. 9 No. 03, January-March 2015 

631 
 

33. Guha Mazumder D. and Dasgupta U. B.  
Chronic arsenic toxicity : Studies in West 
Bengal, India, Kaohsiung J. Med. Sci.,     
27(9), 360-70, (2011).  

34. Brinkel J., Khan M. H. and Kraemer A., A 
systematic review of arsenic exposure and 
its social and mental health effects with 
special reference to Bangladesh. Int. J. 
Environ. Res. Pub. Heal., 6(1), 1609-1619, 
(2009).  

35. Das N., Paul S., Chatterjee D., Banerjee N., 
Majumder N. S., Sarma N., Sau T. J., Basu 
S., Banerjee S., Majumder P., 
Bandyopadhyay A. K., States J. C. and Giri 
A. K.,  Arsenic exposure through drinking 
water increases the risk of liver and 
cardiovascular diseases in the population of 
West Bengal, Ind. BMC Pub. Heal., 12(1), 
639,  (2012). 

36. Roy R., Evaluation of arsenic pollution and 
its impact on human life in Bhopal and 
adjoining districts of Madhya Pradesh 
(India), J. Environ. Res. Develop.,3 (3), 
873-878, (2009).  

37. Hughes M. F., Beck B. D., Chen Y., Lewis 
A. S. and Thomas D. J., Arsenic exposure 
and toxicology : A historical perspective. 
Toxicol. Sci.,123 (2), 305-332, (2011). 

38. Parvez F., Chen Y., Brandt-Rauf P. W., 
Slavkovich V., Islam T., Ahmed A., Argos 
M., Hassan R., Yunus M., Haque S. E., 
Balac O., Graziano J. H. and Ahsan H. A 
prospective study of respiratory symptoms 
associated with chronic arsenic exposure in 
Bangladesh : Findings from the Health 
Effects of Arsenic Longitudinal Study 
(HEALS). Thorax,65 (6), 528-533, (2010). 

39. Naujokas M. F., Anderson B., Ahsan H., 
Vasken A. H., Graziano J. H., Thompson 
C. and  Suk W. A., The broad scope of 
health effects from chronic arsenic 
exposure: Update on a worldwide public 
health problem. Environ. Heal. Perspect., 
121(3), 295-302, (2013). 

40. Abrefah R. G., Adotey D. K., Mensimah 
E., Ampomah-Amoako E., Sogbadji R. B. 
M. and Opata N. S., Biomonitoring of 
occupational exposure to total arsenic and 
total mercury in urine of goldmine workers 
in southwestern Ghana.  Environ. Res. Eng. 
Manag.,2 (56), 43-48, (2011). 

41. Shuhua X., Qingshan S., Fei W., Shengnan 
L., Ling Y., Lin Z., Yingli S., Nan Y. and 
Guifan S.,  The factors influencing urinary 
arsenic excretion and metabolism of 
workers in steel and iron smelting foundry. 
J. Exp. Sci. Environ. Epidemiol., 24(1), 36-
41, (2014).  

42. Chakraborti D., Singh E. J., Das B., Shah 
B. A., Hossain M. A., Nayak B., Ahamed 
S. and Singh N. R., Groundwater arsenic 
contamination in Manipur, one of the seven 
North-Eastern hill states of India : A future 
danger, Environ. Geol., 56(2), 381-390, 
(2008). 

43. Khandaker N. R., Brady P. V. and 
Krumhansl J. L., Arsenic removal from 
Drinking Water : A Handbook for 
Communities. Sandia National 
Laboratories. Report (http://www.sandia 
.gov/water/docs/NRK_PVB_JLK_As_Book.
pdf), 20-02-13, (2009). 

44. Pandey A., Arsenic contamination of 
groundwater in South and East Asia. J. 
Environ. Res. Develop., 7(1), 199-210, 
(2012). 

45. Etmannski T. R. and Darton R. C., 
Accounting for sustainability in Bengal: 
Examining arsenic-removal technology 
using process analysis method. Int. J. Sust. 
Wat. Environ. Sys., 4(1), 43-49, (2012). 

46. Mehta Komal P. and Patel A. S., Reverse 
osmosis design with hydranauties design 
software for industrial waste water reuse, J. 
Environ. Res. Develop., 9(2), 421-430, 
(2014). 

47. Kulkarni P. S., Malik M. A. and Maroom 
S. M., Groundwater quality of Pravara sub 
basin, Ahmednagar, Maharashtra, India, J. 
Environ. Res. Develop., 9(2), 298-305, 
(2014). 

48. Paul Bhaskar J., Lalit Pankaj and 
Yashwant Pankaj, Impact of integrated 
watershed management program in some 
tribal areas of India, J. Environ. Res. 
Develop., 8(4), 1005-1015, (2014). 

49. Parameswari S. and Mekala L., 
Biodegradation of chloropysifos by 
actinomycetes species in aqueous phase, J. 
Environ. Res. Develop., 8(3A), 734-740, 
(2014). 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol. 9 No. 03, January-March 2015 

632 
 

50. Motling Sanjay, Dutta Amit and 
Mukharjee B. N., Application of 
adsorption process for treatment of landfill 
leachate, J. Environ. Res. Develop., 9(2), 
365-370, (2014). 

51. Sankaramakrishnan Nalini and Chauhan 
Divya, Studies on the use of novel nano 
composite (CNT/Chi and Fe(0)) towards 
arsenate removal, J. Environ. Res. 
Develop., 8(3A), 298-305, (2014). 

 
 

 
 

 
 
 

 
 


