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About Arsenic Knowledge and Action network 
 
Arsenic Knowledge and Action Network aims to drive knowledge sharing and problem solving 
by collaborative action in the water sector. It lends itself to arsenic mitigation efforts of pro-
vincial governments and civil society groups by aiding them in developing appropriate solu-
tion and response to drinking water quality problems of their respective geographies.

The mandate of this network is bringing together knowledge and action driven by a dynamic 
network of partner organizations and individual members, sharing a common vision of bring-
ing systematic and structural changes in arsenic mitigation strategies across India. One en-
deavour within this mandate is bringing together existing action and knowledge within a State 
of Sector (SoS) report.
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Assam) in understanding the long trail of arsenic contamination in Assam and his work in miti-
gation of its effects. 

We thank all the authors of the papers cited in this report, as the footnotes at appropriate 
places indicate. Their research constitutes the body of knowledge presented here. 

From the inception meeting of Arsenic Knowledge and Action Network until now, we have 
been able to come along this far only because of contribution of several other individuals at 
various stages who have shaped the course of action and will continue to drive the agenda 
towards overcoming the challenges of arsenic contamination that several states in India are 
facing. We thank them all.
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1. introduction

name of state: Assam

number of Districts: 24

Population: 30.94 Million

state GDP: Rs. 115407.64(ten mn)

Water resources: 

Dynamic Ground Water Resources (2009)
Annual replenishable Ground water resource 30.35 Bcm
net Annual Ground Water Availability 27.81 Bcm
Annual Ground Water Draft 6.03 Bcm
stage of Ground Water Development 22 %

source: central Ground Water Board, Government of india

no. of districts affected by arsenic contamination: 
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Arsenic (As) is an element that is fairly new in the water 
quality vocabulary within India. This element that greatly 
plagues Bangladesh is now becoming a common manifes-
tation in several parts of India. While arsenic essentially has 
geological origins, there are a variety of factors that con-
tribute to increased mobilisation of arsenic and thereby 
an increase in its concentration in groundwater.1 As large 
populations within India rely on groundwater to meet the 
domestic, agricultural and other needs, there is an increas-
ing number susceptible to the arsenic poisoning. 

Arsenic contamination in water in India has received at-
tention only since the 1998 when Jadhavpur University 
and Dhaka Community Hospital hosted an international 
conference on Arsenic pollution.2 Although there have 
been cases of ground water pollution due to Arsenic and 
people falling sick due to the same published in the news-
papers since 1978.3   

The extent of arsenic contamination has increased rap-
idly severe across many eastern states—West Bengal, 
Assam, Bihar, Jharkhand and Uttar Pradesh. New con-
tamination reports are emerging from Manipur, Tripura, 
Arunachal Pradesh and Nagaland as well. 20 districts out 
of 23 in Assam, 6 out of 20 districts in West Bengal, 13 of 
38 districts in Bihar4, 22 of 24 districts in Jharkhand and 18 
of 70 districts in Uttar Pradesh have reported arsenic con-
tamination in ground water.5 With the situation of arsenic 
pollution and population affected by it worsening over 
the past decade across several states in India, it is impera-
tive that an assessment of the extent and severity of the 
pollution, its impacts and mitigation measures is done.
 

1.1 Understanding the problem

This report focuses on extent of arsenic contamination, 
its impacts, mitigation approaches and recommendation 
with the state as the geographical unit of analysis. In gen-
eral, studies on contamination of ground water discuss 
the issue taking river basins as the unit of analysis. That 

1  reza et al., 2010, express, 2013, chakraborti et al. 2013.
2  The largest identified man-made environmental catastrophe, , 
Arsenic symposium at cambridge ,  richard Wilson, 2007, http://
www.geog.cam.ac.uk/research/projects/arsenic/symposium/
s1.1_r_Wilson__supplement.pdf
3  Arsenic in ground water in six districts of West Bengal, india: 
the biggest arsenic calamity in the world, Analyst, chatterji, A et 
al, 1995.
4  Ground Water Quality Affected Districts of Bihar, sWAsHt-
WAtsAn Bihar. http://swasthwatsanbihar.blogspot.in/p/ground-
water-quality-affected-districts.html
5  Arsenic contamination in Groundwater of north eastern 
india, sing. A,K, Proceedings of national seminar on Hydrology 
with focal theme on “Water Quality” held at national institute of 
Hydrology, 2004.

approach is useful to understand the fundamental caus-
es and underlying phenomenon of arsenic’s entry into 
ground water.  Since, India and Bangladesh share a basin 
in the east, studies on arsenic in India also tend to com-
monly refer to and investigate Bangladesh more exten-
sively. Although the exercise of looking cases from else-
where and learn from them is desirable, when it comes 
to developing solution and mitigation each region differs 
in its institutional, political and administrative context. So 
when another country is taken as a case, the phenome-
non may remain the same but solutions will not necessar-
ily work the same way as they do in that country. This re-
port’s purpose is to make knowledge on arsenic pollution 
accessible to those concerned with it and also provide a 
starting material to enable action.

1.2 Purpose of the report: Why and 
for whom

State of the Sector Report 2014: Assam state, addresses 
the requirement for several government and civil society 
groups working in arsenic mitigation to have a compre-
hensive source of information on the arsenic contamina-
tion situation across the state as well as on the variety 
of solutions available which they can potentially use to 
address arsenic contamination in drinking water in their 
regions. It includes a primer on the nature of problem of 
arsenic contamination, approaches and technological so-
lutions to deal with the problem as well as on considera-
tions to adopt these approaches. Besides these, the report 
also includes unaddressed issues and unsolved problems 
in this area - of arsenic contamination in Assam state.  

The information provided here will be useful for govern-
ment departments, NGOs and voluntary groups working 
in water sector. It will also be useful for the proposed wa-
ter quality task force in Assam state, policy makers and re-
searchers. The section specifically dealing with mitigation 
measures is structured like a manual so that organisations 
working with communities affected with arsenic pollution 
will know the available mitigation options, their pros and 
cons and be able to arrive at an appropriate approach suit-
able to their community. 

Till date, there have been several interventions initiated 
and explored within regions such as W. Bengal, Assam, 
Bihar, Jharkhand, Uttar Pradesh, Chhattisgarh, etc. Or-
ganisations are dedicatedly working on understanding the 
issues involved and mitigation options. Industries and ac-
ademic institutions are busy identifying infected regions 
and bringing out technologies so as to provide potable 
water. All these interventions and inventions are driven by 
the ideas of a few and wants of many. But on the larger 

scale they remain disconnected from each other.

For instance, filters provide an on-spot solution to the 
problem, however this intervention is short term and 
not without challenges. Many villages showcased in case 
studies within West Bengal and Assam have indicated dif-
ficulty accepting the filters and payment for water tariffs. 
The attitudes and understanding of afflicted communities 
are on the marginal fringe of solutions. Medications are 
sought for illnesses people can’t put a finger on because 
there is limited awareness of arsenic poisoning among 
medical practitioners. Some communities are exhausted 
by awareness campaigns whereas some don’t even know 
what the issue is but that it is a ‘poison’ in their water. 
When compared to other disasters there is a very mixed 
perception towards the risks of arsenic among people and 
governments as well.
 
Through the various endeavours, experts and practition-
ers have been working towards a common goal i.e. alle-
viating the problem of arsenic poisoning. In these efforts 
there comes a time and need to come together, look back 
and reflect on what has been done and what we know and 
where do we go from here. Some efforts have already been 
taken in this direction for e.g.; the Arsenic Task Forces that 
were commissioned within Assam and West Bengal by the 
Planning commission has worked to bring together the 
best technical solutions to the problem. Bringing togeth-
er these actions and knowledge, and building upon it, is 
the next step that has to be taken. To include knowledge, 
body of work, views and perspectives of the concerned ac-
tors into one place for all to reflect upon is the ultimate 
purpose of this report.
 
This report also attempts to provide a focus of knowl-
edge which would allow us to draw parallels, have cross 
learning, reflect, consult and contemplate the next steps 
of action. It can also serve as a space to list out what has 
worked and what has not and why. This can in turn serve 

to synergise and bring together creative ideas for future 
actions. The complexity of the issue does not ask for one 
solution, but rather an amalgamation of questions and an-
swers. 

1.3 Understanding arsenic toxicity 

Depending upon its form - organic or inorganic, arsenic 
shows a high variability in its toxic effects in various or-
ganisms. Toxicity is also dependent on valency state of 
arsenic compounds - trivalent arsenicals (also known as 
arsenite) are more toxic than the pentavalent forms (also 
called as arsenate). Determination of the chemical state 
of arsenic therefore is important for assessment of arse-
nic toxicity.

From these four arsenic species that can occur in envi-
ronmental water, the toxicity is in the order: arsenite > 
arsenate > MMAA > DMAA. The trivalent arsenic, i.e., ar-
senite is 60 times more toxic than oxidised pentavalent 
arsenate. The inorganic arsenic compounds are about 100 
times more toxic than the methylated forms (MMAA and 
DMAA). When arsenite is highly toxic, the compound ar-
senobetaine [(CH3)3As+CH2COOH]- whose presence in 
seafood constitutes the major source of dietary arsenic 
is essentially non toxic and excreted unchanged in urine 
with a very short half life.  In drinking water arsenic oc-
curs mainly in inorganic form, whereas in food it occurs as 
both inorganic and organic form.

Oral intake of arsenic leads to abdominal pains, vomiting 
and coma, its ingestion may cause cirrhosis of liver and neu-
rological problems. The most pronounce effect of arsenic 
is on the skin, it causes hyperpigmentation in areas not ex-
posed to the sun and hyperkerotosis on the palms of hands 
or soles of feet. The prolonged exposure leads to the pe-
ripheral arteriosclerosis and gangrene (black foot diseases) 
which ultimately turns into malignant dermatosis (cancer).

1.4 How much is safe
Arsenic in Drinking water, Standards

WHo Bsi
requirement (Accept-

able Limit) (µg/l)
Permissible limit in the 
absence of alternate 

source (µg/l)

requirement (Accept-
able Limit) (µg/l)

Permissible limit in the 
absence of alternate 

source (µg/l)
0* 10 10 50

table 1.1 standards on amount of arsenic allowed in drinking water by WHo and Bsi
* WHo does not mention the minimum allowed limit for  arsenic in water. it calls10µg/l as a ‘safe limit’ for arsenic in drinking water.

(World Health organisation, Link: http://www.who.int/ipcs/assessment/public_health/arsenic/en/)
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While many developing countries have retained the ear-
lier WHO guideline value of 50 μg/L as the national stand-
ard or as an interim target for technical and economical 
reasons. The Bureau of Indian Standards (BIS) has also set 
a maximum allowable limit of 10.0 μg/l (0.01 mg/l). The 
RGNWM has also accepted, based on the environmental 
factors, socio economic factor and food habit, maximum 
allowable standard as 50μ/l for our country for the interim 
period. (It is very important to realise that the 10.0 μg/l 
(0.01 mg/l) WHO drinking water guideline for As is based 
on a 6x10-4 excess skin cancer risk for human males in 
Taiwan, which is 60 times higher than the 1x10 -5 fac-
tor that is typically used to protect public health (WHO, 
1996)). WHO states that the health- based drinking water 
guideline for As should be 0.17 μg/l (0.00017 mg/l). How-
ever, the detection limit for most laboratories is 10 μg/l 
(0.01 mg/l), which is why the less protective guideline was 
adopted (WHO, 1993; WHO, 1998a). There is sufficient 
evidence from human epidemiological studies linking in-
creased mortality from liver, colon, kidney, bladder, and 
lung cancers to drinking arsenic-contaminated water; 
however, this relatively new discovery is not used to cal-
culate the drinking water standard for As due to a lack of 
dose response data (USEPA, 2002; Tchounwou, Wilson, 
and Ishaque, 1999).

Besides drinking water, the other major medium through 
which arsenic enters the human body is through agricul-
ture wherein irrigation of crops with arsenic contami-
nated water leads to a higher concentration of arsenic 
in crops (phenomenon similar to  biomagnification).  The 
permissible limit in irrigation water is 100 μg/l (0.1mg/l). In 
plants toxicity of arsenic varies  from 12000 μg/l (12 mg/l) 
for Sudan Grass to less than 50 μg/l (0.05 mg/l) for rice.

1.4.1 WHo guidelines 

WHO proposed drinking water qual-
ity guideline on arsenic as early as 
1958. The first version of Interna-
tional Standards for Drinking water in 
1958 included arsenic in the category 
of toxic substances which if present in 
drinking water supplies at concentra-
tions above certain levels may give 
rise to actual danger to health. It es-
tablished 200 μg/l (0.20mg/l) as an al-
lowable concentration.6 The standard 
has been revised successively since 
then. The latest guidelines—WHO 
GDWQ (1993) established 10 µg/l 
(0.01 mg/l) as a provisional value for 

6  WHo drinking water guideline, 1958

arsenic in drinking water. The revision of guideline was 
done on the basis of potential carcinogenicity of arsenic 
in humans. Inorganic arsenic compounds are classified by 
the International Agency for Research on Cancer (IARC) 
in-group 1 (carcinogenic to human). As and when fur-
ther evidence of carcinogenicity of arsenic was found the 
standards underwent revision. 

1.5 state context

1.5.1 Understanding the origin of arsenic in 
ground water of Assam

Knowing Assam’s hydrogeological context is necessary 
to understand the emergence and spread of arsenic con-
tamination in its ground water aquifers. In Assam, Brah-
maputra river forms the second largest drainage area 
within India after Arunachal Pradesh. It is believed that 
the sediment load that a river carries with it along its 
course is likely to trigger an increase in arsenic concentra-
tion in the groundwater. The linkage is explained in the 
later part of this section. Therefore, a note on the sedi-
mentation pattern of Brahmaputra is relevant here.

Graph 1: Drainage area of Brahmaputra river in the indian states. Assam contains 
overs 33.5% of the total drainage area of Brahmaputra river in india

Numerous rivers  and  tributaries  which emerge from  
the  Himalayan  Glaciers like- Ganga, Brahamaputra and 
Meghna in Bangladesh are flowing through the region 
and drain into the bay of Bengal. In  their course they car-
ry a huge load  of  silts  and  soils which are deposited  on  
both  banks and also carried into the sea. 

Brahmaputra river flows through a very large part of As-
sam. This river  is  a  typical  example  of  a  braided  river  
with  multiple  channels twining around numerous mid-
channel and lateral sandbars, locally known as  chars. As  
the  flow  begins  to  rise  with  the  onset  of  the  monsoon,  
most  of  the  islands  are submerged  and  the  river   then  
flows  in  a  more  or  less  straight  channel. The mecha-
nism  of  braiding  may  be  attributed  to  factors  such  
as  excessive  sediment transport, large and variable flow, 
erosion-prone banks and the rapid aggradations of the 
channel  (Goswami, 1991; Leopold, 1964). The intensely 
braided channel of the Brahmaputra in Assam is dominat-
ed by a profusion of bed forms ranging from small - scale 
ripples to giant-sized dunes and sand waves.

From the  works of  the  different  study  in  arsenic  it 
is now  known  that arsenic originates in the Himalayan 
head waters of the Ganga and Brahmaputra beneath  the 
surface  of  the  region‘s  deltas  for rivers  and  has  lain  
undisturbed thousands  of  years  in  thick  layers  of fine 
alluvial  mud  smeared  across  the  area by these rivers.

Data on sediment load and discharge of Brahmaputra 
river has been difficult to obtain from government agen-
cies as well as from credible research groups. The most 
cited figures are from 1985 from a study on the river by 
D. Goswami, which are mentioned here7. This river is 
one of the most heavily sediment-charged large rivers 
in the world, second only to the Yellow (Hwang Ho) river 
in China in terms of the amount of sediment transported 
per unit drainage area viz. 1,128 tonnes/sq.  km/year at 
Bahadurabad in Bangladesh. The river carries an average 
annual suspended load of 400  million  metric  tonnes at 
Pandu at an average  daily  rate of nearly 2 million metric 
tonnes in the rainy season (May to October) accounting 
for more than 95% of the annual  suspended load . Trans-
port rates as high as 26 million metric tonnes are record-
ed during peak flood flows. Estimates of sediment yield 
from tributary  basins  indicate  that 17 out of  32 rivers 
studied had rates in excess of  500 tonnes/sq. km./year, 
the  highest  rate  being  4,721  tonnes/sq. km./year  from 
the  Jia Bharali  basin followed  by  the  Dibang basin with  
3,765  tonnes/sq.  km/year  and  the Puthimari basin with 
2,887 tonnes/sq. km/year. 

7 Goswami, D. (1985). ”Brahmaputra river Assam, india, Physi-
ography, Basin denudation and channel aggradation.” Water 
resources research 21(7), 959- 978.

So  far the  study  indicates  that  arsenic  contaminated  
ground  water  is  found within  the  sediments  between  
20 to 100 m  below ground level  in  Brahmputra’s  alluvial  
plain.  The arsenic free groundwater occur s in phreatic 
aquifer (within 20m from GL) and within semi-confined 
to confined aquifers between 150 to 400m bgl. In most of 
the areas it is  found  that  a  thick  impervious  clay  bed  
occurs  below  the  arsenic  contaminated aquifers.  The  
thick  clay  bed  acts  as  a  barrier  to  prevent  the  vertical  
percolation  of arsenic contaminated  ground water  with  
the  arsenic  free ground  water below  150 m depth. 

It also appears from analytical results for  arsenic in Assam  
that groundwater adjacent  to  foothills  is  highly  arsenic 
contaminated  (this  was  in  contrary  to  the expectation  
that  only  alluvium  soil  along  the  River  Brahmaputra  
and in Meghna basin would contain maximum arsenic in 
ground water. Adjacent to Himalayan foot hills numerous 
small tributaries  are  falling  into  the  river  Brahmaputra, 
thus, during flood  depositing arsenic bearing minerals on 
the ground. This finding also shows the possibilities  of  
arsenic  bearing  silts  being  carried  from  the  Himalayan  
mountain by numerous tributaries of the river Brahma-
putra . This area lies within an alluvial basin bounded by 
Himalayan Mountains. The alluvial sediments are com-
posed of a mixed sequence of sands, silts and clay depos-
its eroded from the surrounding mountains. The  prob-
able  reason  of  arsenic  contamination  in  those  areas  
may  be  heavy deposition  of  sediments  due to surface 
erosion  from  surrounding  hills  and  creating aquifers.8 

1.5.2 Various studies on arsenic in Assam

A 2007 assessment by UNICEF Kolkata tested 5729 sourc-
es from 22 districts. The exercised focused on 25 km prox-
imity of Brahmaputra river. It reports that 72 blocks in 18 
districts are affected with arsenic level greater than 50μg/
litre.9   

An initiative of arsenic screening program for the Brah-
maputra Floodplain in Assam was undertaken in collabo-
ration with the Public Health Engineering Department 
(PHED), Assam and UNICEF in 2005. A rigorous three 
phase testing procedure, involving three different instru-
ments, Arsenator, UV-1 Spectrophotometer and Atomic 
Absorption Spectrophotometer (AAS) was adopted for 
the program. The results yielded were reasonably consist-

8  Arsenic contamination in Groundwater of north eastern in-
dia, 2004, A.K. singh, north eastern regional institute of Water 
and Land management, tezpur, Assam. 
9 Distribution of arenic in ground water in three states of india 
and geochemical data from an arsenic-affected area of Ballia 
district, UP, Presentation, 2007. ross nickson, UniceF Kolkata 
Link: http://www.geog.cam.ac.uk/research/projects/arsenic/sym-
posium/s5.6_r_nickson.pdf

Units & conversion in measuring arsenic con-
centration in water
concentration of arsenic in water is measured 
in units of arsenic per litre of water. Arsenic 
units are measured as –
milligram/Litre – mg/l (1 mg/l = 1000 µg/l)
microgram/Litre - µg/l ( 1 µg/l = 1.001 ppb)
Parts per billion - ppb
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ent, showing good analytical performances. For a better 
understanding of the mechanism of arsenic release into 
the groundwater of the region, along with the wider mon-
itoring and surveillance, study on the hydrogeochemical 
processes leading to arsenic release in the northern part 
of the Brahmaputra floodplain was conducted simulta-
neously. Data available from the three tier analysis were 
used for preparation of district level arsenic concentration 
maps using ArcGIS 9.2, from which the total vulnerable 
areas could be delineated for appropriate remedial meas-
ures, supported by the output of the focused research on 
release process and mechanism. Almost 30 % of about 
56,180 sources showed elevated arsenic concentrations 
above the BIS and WHO permissible limits of 9.98 μg/l (or 
10 ppb). The study revealed that the concentrations were 
localised at certain pockets of the floodplain and is nar-
rowly spread than the GBM floodplain in Bangladesh and 
West Bengal. The results of the hydrogeochemical study 
conducted showed that reductive dissolution processes 
was likely to be a major mechanism of arsenic release into 
groundwater along with major cations like Fe, Na and 
Ca playing an important role in leaching of arsenic. As a 
multi-pronged solution to the problem, development of 
removal technologies through improvement of indig-

enous media based filtration as immediate measures and 
provision of drinking water from amply available surface 
water sources in the long run indicated promising mitiga-
tion options. 10

Three types of scenarios emerged from the study: 

1. Areas with arsenic in ground water beyond permis-
sible limit of BIS 49.9 μg/l (50ppb), popularly called 
hot spots. 

2. Areas where only some sources are contaminated 
with arsenic above BIS permissible limits of 49.9 μg/l 
(50ppb).

3. Areas where no arsenic contamination could be 
found. In the first two cases, the most important task 
is to generate awareness amongst the community re-
garding public health implications of consuming arse-
nic contaminated water. Understanding arsenic con-
tamination affected areas based on permissible limits 
of arsenic in water is a useful way of assessing the in-
tensity and extent of the problem as well as to device 
mitigation strategies. Action taken in a hot-spot will 
certainly be guided by considerations different from 
those that might be required in emerging areas. 

10  monitoring and surveillance of Groundwater Arsenic con-
tamination in the Brahmaputra Floodplain in Assam, mahanta. c. 
et al, Proceedings , Asce, 2011, Link:  http://ascelibrary.org/doi/
abs/10.1061/41173(414)442

map 1: Districts with arsenic contamination found in ground water in Assam

Another study published in 2004 by North Eastern Re-
gional Institute of Water and Land Management estimat-
ed the number of affected districts in Assam to be 20. 11  
In Assam, the maximum arsenic was observed in Jorhat, 
Lakhimpur, Nalbari and Nagaon districts. In Nagaon dis-
trict, 76 samples were collected and 13 per cent of the 
samples were found contaminated with arsenic. The 
range of arsenic concentration was in between 112000 
μg/l – 601000 μg/l (112-601 mg/l). In Jorhat district, the 
contamination of arsenic was highest in the range of 
194000 μg/l – 657000 μg/l (194-657 mg/l). Altogether 80 
samples were collected and 21 per cent of the samples 
were found contaminated with As. In Lakhimpur dis-
trict, total 76 samples analysed for As and 21 percent of 
the samples detected with As. The concentration of As in 
Lakhimpur district was in between 50000 μg/l - 550000 
μg/l (50-550 mg/l). In Nalbari district, 19 per cent samples 
(72 samples) contained arsenic with the value between 
106000 μg/l to 422000 μg/l (422 mg/l). Remaining 11 dis-
tricts of Assam where As was detected contained arse-
nic in between 50000 μg/l – 100000 μg/l (50-100 mg/l).12 
These districts are indicated in the map.  

11  Arsenic contamination in Groundwater of north eastern 
india, sing. A,K, Proceedings of national seminar on Hydrology 
with focal theme on “Water Quality” held at national institute 
of Hydrology, 2004
12  ibid

So far, the study indicates that arsenic contaminated 
ground water is found within the sediments between  
20 – 100 m below ground level in Brahmputra alluvial plain. 
The arsenic free ground water occurs in phreatic aquifer 
(within 20m from GL) and within semi-confined to con-
fined aquifers between 150 to 400m below ground level. 
In most of the areas it is found that a thick impervious clay 
bed occurs below the arsenic contaminated aquifers. The 
thick clay bed acts as a barrier to prevent the vertical per-
colation of arsenic contaminated ground water with the 
arsenic free ground water below 150m depth.13 

It also appears from analytical results for arsenic in As-
sam that groundwater adjacent to foothills is highly ar-
senic contaminated. This area lies within an alluvial basin 
bounded by Himalayan Mountains. The alluvial sediments 
are composed of a mixed sequence of sands, silts and clay 
deposits eroded from the surrounding mountains. The 
probable reason of arsenic contamination in those areas 
may be heavy deposition of sediments due to surface ero-
sion from surrounding hills and creating aquifers.14 

13  ibid
14  Arsenic contamination in Groundwater of north eastern 
india, sing. A,K, Proceedings of national seminar on Hydrology 
with focal theme on “Water Quality” held at national institute 
of Hydrology, 2004.

Arsenic screening and surveillance program in Assam

2005: Rapid assessment –of arsenic was taken up with UNICEF’s assistance on a 50km stretch along 
Brahmaputra and 25km along Bangladesh border. 
76 blocks were observed to have ground water containing arsenic level greater than 50 ppb

This led to another JPOA between GOA and UNICEF in 2005. Components of JPOA were- 
• Screening of all spot source  water samples
• Protocol for testing of water samples
• Community awareness generation
• Identification of Symptoms of arsenicosis
• Safe water provision

2006:  Initiation of the As screening and monitoring under JPOA between UNICEF and GOA,IIT-G , 
establishment of 8 rural arsenic test labs and one referral lab with AAS at Guwahati .

2007: Workshop and Training program of PHED staff, Chemists etc.

2008: Training program for GIS instrument

2009: Entire data base scrutinised and revalidation

The findings are summarised below:
• Number of affected habitations are 1970. The number of people in risk areas (As >50 ppb) are 

7,22,603 persons.
• Out of 56,180 sources tested 11,459 sources  contain As > 10 ppb <40 ppb
• And 4464 sources are containing As >50 ppb.
• 794 schools are with arsenic contaminated drinking water source
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2. Arsenic contamination 
 – chemistry, paths of  
exposure and effects 
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2.1 Arsenic chemistry 

Arsenic is a chemical- metal like substance but nonme-
tallic in nature. Its appearance is metallic grey in colour. 
Chemical symbol is As and atomic number is 33. It is a 
natural element. Inorganic arsenic occurs in many miner-
als and is widely distributed in rocks, soils and sediments. 
In minerals, the highest arsenic concentrations generally 
occur as the sulphide or oxide, or as the arsenides. It is the 
most abundant element of earth‘s crust Arsenic makes up 
about 1.5 ppm (0.00015%) of the Earth’s crust, making it 
the 53rd most abundant element. 

Soil contains 1-10 ppm of arsenic. Seawater has only 1.59 
μg/l (1.6 ppb) arsenic. It is widely distributed in air, water, 
soils, rocks, plants and animals in variable concentration 
and the 12th most abundant element in the biosphere of 
copper, lead, silver or gold. The main uses of metallic ar-
senic are for strengthening alloys of copper and especially 
lead (for example, in car batteries). Arsenic is a common n-
type doping in semiconductor electronic devices, and the 
optoelectronic compound gallium arsenide is the most 
common semiconductor in use after doped silicon. Arse-
nic and its compounds, especially the trioxide, are used in 
the production of pesticides, treated wood products, her-
bicides and insecticides. These applications are declining, 
however. Arsenic is notoriously poisonous to multicellular 
life, although a few species of bacteria are able to use ar-
senic compounds as respiratory metabolites.

2.2 Arsenic occurrence

2.2.1 in environment 

Arsenic is naturally found at concentration levels of about 
0.4 to 30 ng/m in the atmospheric air, about 0.4 to 120 
μg/kg in food and at concentrations from undetectable 
level to a few μg/L in natural water Arsenic is lethal and 
poisonous substance. A fraction of gram can kill a person. 
It can accumulate in body and slowly poison the person. It 
seeps into the ground water through the dissolution of ar-
senic-bearing minerals and ores. In recent years, Arsenic 
contamination of groundwater is a problem that affects 
millions of people across the world. The presence of high 
levels of arsenic in groundwater, the main source of drink-
ing water in many countries around the world has drawn 
attention of the scientific communities.

There are as many as 150 arsenic bearing minerals that 
exist in nature. However, only three of them are consid-
ered as arsenic ore (1) Realgar or Arsenic disulphide, (2) 
Orpiment or Arsenic Trisulphide and (3) Arsenopyrite 

or Ferrous arsenic sulphide. Arsenic forms colourless, 
odourless, crystalline oxides As2O3 (“white arsenic”) and 
As2O5 which are hygroscopic and readily soluble in water 
to form acidic solutions. Arsenic (V) acid is a weak acid. 
Its salts are called arsenates which are the basis of arse-
nic contamination of groundwater. Synthetic arsenates 
include Paris Green (copper (II) acetoarsenite), calcium 
arsenate and lead hydrogen arsenate. These three have 
been used as agricultural insecticides and poisons.

The prolongation steps between the arsenate and arsenic 
acid are similar to those between phosphate and phos-
phoric acid. Unlike phosphorous acid, arsenous acid is 
genuinely tribasic, with the formula As(OH)3. A broad va-
riety of sulfur compounds of arsenic are known. Orpiment 
(As2S4) and realgar (As4S4) are somewhat abundant and 
were for merly used as painting pigments. In As4S10 arse-
nic has a formal oxidation state of +2 in As4S4 which  fea-
tures As-As bonds so that the total covalency of As is still 
3.  All trihalides of arsenic(III) are well known except the 
astatide which is unknown. Arsenic pentafluoride (AsF5 
) is the only important pentahalide, reflecting the lower 
stability of the 5+ oxidation state. (pentachloride is stable 
only below -50 °C.)

Map 3 shows aquifers in India which are affected by ar-
senic contamination. This is from the data available with 
Central Ground Water Board of India published as Aqui-
fer Atlas in 2012. On a closer look, it can be noted that 
CGWB’s data does not show any contamination of aqui-
fer in Assam state. Since CGWB is considered as the pre-
mier agency and also the most credible source of data on 
ground water in India, it is interesting to note the gap in 
monitoring of arsenic contamination. Although several 
independent studies have confirmed high arsenic levels 
in districts of Assam, CGWB’s data shows none.

2.2.2 in groundwater

Among few hypotheses proposed to explain the possible 
mechanism of arsenic groundwater contamination, most 
scientists have settled down to two hypotheses: 

(i)  Oxidation of arsenopyrite or arsenic rich pyrite 
in soil strata, and 

(ii)  Reductive dissolution of arsenic from soils. 

However, based on arsenic geochemistry, three hypoth-
eses describing probable mechanisms of As mobilisation 
in groundwater specially, with reference to Holocene aq-
uifers like in West Bengal and Bangladesh, have been sug-
gested (Bose and Sharma, 2002). These are: 
 map 2: Presence of arsenic in ground water aquifers across india, source: cGWB  Aquifer Atlas, published in 2012
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map 3: Ground water observation wells, source: cGWB Aquifer Atlas, published in 2012

(i)  Mobilisation of arsenic due to the oxidation 
of As bearing pyrite minerals: Insoluble As bear-
ing minerals, such as Arsenopyrite (FeAsS), are 
rapidly oxidized when exposed to atmosphere, 
realising soluble As(III), sulfate (SO4

2), and ferrous 
iron (Fe2+). The dissolution of these As containing 
minerals is highly dependent on the availability of 
oxygen and the rate of oxidation of sulfide. The re-
leased As(III) is partially oxidised to As(V) by micro-
bially mediated reactions. 

(ii)  Dissolution of As-rich iron oxyhydroxides 
(FeOOH) due to onset of reducing conditions in the 
subsurface: Under oxidising conditions, and in the 
presence of Fe, inorganic species of As are predom-
inantly retained in the solid phase through inter 
action with FeOOH coatings on soil particles. The 
onset of reducing conditions in such environments 
can lead to the dissolution of FeOOH coatings. 
Fermentation of peat in the subsurface releases 
organic molecules (e.g., acetate) to drive reducing 
dissolution of FeOOH, resulting in release of Fe2+, 
As+3, and As+5 present on such coatings.

Arsenic (III) is more mobile than Arsenic (V). In fact As(III) 
is 60 times more toxic than As (V). The inorganic arsenics 
are about 100 times more toxic than methylated forms. 
Oral intake of arsenic leads to abdominal pains, vomiting 
and coma, its ingestion may cause cirrhosis of liver and 
neurological problems. The most pronounce effect of ar-
senic is on the skin, it causes hyperpigmentation in areas 
not exposed to the sun and hyperkerotosis on the palms 
of hands or soles of feet. The prolonged exposure leads 
to the peripheral arteriosclerosis and gangrene (black 
foot diseases), which ultimately turns, into malignant 
dermatosis (cancer). The primary toxicity mode of As (III) 
is through reaction with sulfadral group of protein and 
subsequent enzyme inhibition. It has been observed that 
incidence of pigmentation and keratosis increased with 
prolong intake of arsenic and also with increased amount 
of arsenic.

Map 4 shows the density of observation wells of CGWB 
across the country. Observation wells are the wells that 
are used by the agency to monitor presence of various 
contaminants in the respective region or aquifer. A low 
density of observation wells in Assam reflects the lack of 
availability of high quality and high resolution data from 
the state on arsenic contamination, besides others.

2.3 Paths of exposure 

In human beings arsenic exposure can happen through 
three routes -

• Through inhalation of air
• Through the ingestion of food and water
• Via dermal absorption

Anthropogenic activity and geochemistry of a region pri-
marily determines the degree of exposure of people to ar-
senic. It must be noted that this exposure is different from 
occupational exposure. On the origin of arsenic exposure, 
environmental exposure due to geological richness of ar-
senic in soil and water remains a key concern. 

In general population, evidence suggests that nonoccu-
pational exposure occurs through the ingestion of food 
and water. Arsenic exposure occurs mainly through drink-
ing water in areas, which contain high levels of arsenic in 
water. The levels of arsenic in food do not pose a risk to 
health as much as consuming arsenic rich drinking water 
does. For instance, in arsenic contaminated hot-spots of 
Assam, drinking water contains arsenic concentration in 
the range of 100 μg/litre to 400 μg/litre.

2.4 effects of arsenic on human body

Arsenic (III) is more mobile than arsenic (V). In fact As (III) 
is 60 times more toxic than As (V). The inorganic arsenics 
are about 100 times more toxic than methylated forms. 
Oral intake of arsenic leads to abdominal pains, vomit-
ing and coma, its ingestion may cause cirrhosis of liver 
and neurological problems. The  most  pronounce effect 
of  arsenic  is  on the  skin, it  causes  hyperpigmentation 
in  areas  not  exposed  to  the sun  and  hyperkerotosis  
on  the  palms  of  hands  or  soles  of  feet.  A prolonged 
exposure leads to the peripheral arteriosclerosis and 
gangrene (black foot diseases) which ultimately turns 
into malignant dermatosis (cancer). The primary toxicity 
mode of As (III) is through reaction with sulfadral group of 
protein and subsequent enzyme inhibition.  It  has  been  
observed  that  incidence  of  pigmentation  and  keratosis 
increased with prolong intake of arsenic and also with in-
creased amount of arsenic.
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3. impacts of arsenic  
contamination  
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3.1 Health impacts

Phase wise manifestation of arsenicosis: 
Arsenicosis symptoms usually take six months to years— 
from the time of exposure to develop, depending on the 
exposure level (the concentration of arsenic in water and 
food and its consumption by the population) and the nu-
tritional status of the community and individuals.15

Pre-clinical stage: 
In this stage there is no symptoms but arsenic can be de-
tected in urine and/body tissue.

First phase: 
Raindrop like pigmentation appears on the skin.

Second phase: 
Sporadic  patches  (black  &  white  in  colour)  in  chest  
and  back called  melanosis develops  which  is  followed 
by hardening of palm and  toes and development of corn 
like black spot called keratosis  or hyperkerotosis .It ap-
pears along  with  peripheral  neuropathy. There is ex-
treme tingling and burning sensations, hepamotology, 
splenomegaly, intermittent claudication observed.  Pe-
ripheral gangrene with auto amputation and distressing 
pulmonary symptoms may also appear. The above symp-
toms are followed by severe cough, asthmatic problems, 
general weakness as well as anaemia.

15  cse-Health And environment news Letter, Jan-Feb. 2005

Last phase: 
This is the stage of malignancy where in mainly skin, lung, 
and liver cancer may appear.

Dermatological signs
Raindrop pigmentation: Symptoms are numerous 
rounded hyper pigmented macules (of diameter 1-2 mm) 
widely dispersed in a tan  or brown hyper pigmented 
background. This finely freckled rain drop pattern is par-
ticularly pronounced on the trunk and extremities and 
is distributed bilaterally and symmetrically. The lesion is 
a classic symptom of cronic arsenicosis .This lesion may 
also involve mucous membrane of the under surface of 
the tongue or buccal mucosa. 

Melanosis and keratosis:  
Melanosis is pigmentation (darkening of skin) and kera-
tosis means diffused thickening or modular lesions of the 
skin mainly in the sole or the palm. This twin combination 
strongly suggests manifestation of symptoms of arsenic-
osis. Hyperkeratosis predominantly appears on the palm 
or the planter surface of the feet through involvement of 
dorsum of the skin becomes thickened and assumes grit 
like character, which is felt by palpitation.

Manifestation in Nails 
1. Beaus line transverse groove in nail plate.
2. Mee‘s line and white transverse line starting  proxi-

mally.
3. Mueracke‘s line palpable white line in nail bed
4. Half and half nail white proximal half and pink distal 

half.
5. Terry‘s nail: White

Mitigation Measures
1. Manifestation of arsenicosis is reversible if cases are 

detected early.
2. The key mitigation measure will be to shift to safe 

water and food.
3. Nutritional dietary support have shown resilience 

and accelerated recovery.

Mitigation Strategy
Three vital aspects of public health implications of con-
suming arsenic contaminated water are:
1. Manifestation of arsenicosis is reversible if the cases 

are detected early.
2. The key mitigation measure will be to shift to safe 

water.
3. Nutritional dietary support have shown resilience 

and accelerated recovery.

3.2 socioeconomic impacts

Arsenic poisoning poses a peculiar challenge because of 
its route of exposure in affected population.  It happens 
through consumption of arsenic contaminated drinking 
water.  The population in Assam and other Indian states 
affected by this are also observed to be from the weaker 
economic section of the society and also from regions 

which are poorly serviced by the public utility services like 
water supply boards. They neither have piped water sup-
ply nor have the ability to buy treated water. These limita-
tions put them at a direct risk to arsenic poisoning.

It is also interesting to see how arsenic contamination 
crisis in Bangladesh evolved. Tube wells were dug to pre-
vent microbial contamination with which the surface wa-
ter suffered. As deep tube wells were drilled with rapid 
profusion and microbial contamination was prevented, 
the tube wells drilled deep led to increase in arsenic levels 
in water. It is seen that in developing and less developed 
parts of the world, such situations are commonplace 
– where one crisis is replaced by another because of ill-
thought interventions.

The situation is of a double bind where arsenic exposure 
in people is caused by economic conditions and resultant 
arsenic poisoning leads to further socioeconomic impair-
ment. The impact is felt directly on livelihoods of the peo-
ple who contract the acute form of arsenic poisoning – ar-
senicosis. They lose wages due to degenerating physical 
health from arsenicosis. 

As the visible symptoms of arsenic poisoning appear as 
rashes, pigmentation and lesions on the skin, those suf-
fering from it also face social stigma. Cure and mitigation 
of this disease is through a healthy diet and consumption 
of arsenic free water. Both of these can prove difficult for 
those who do not earn enough to be in a position to afford 
good health care.  In effect, it is a downward spiral for the 
individual as well as the family when she begins suffering 
from the effects of arsenic poisoning. 

RIVER DHANSIRI - Water supply for Titabor Piped Water Supply Scheme Zone I
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4. mitigation, adaptation 
 and competencies 
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4.1 mitigation approaches 

4.1.1 in alternative sources of drinking water

1. Deep wells: These are defined as those wells which 
are completed entirely in sands beneath the Holo-
cene/latest Pleistocene transgressive surface. If 
the wells are constructed so as to prevent leakage 
between the upper and lower aquifers, it is likely 
that they will be free of arsenic (and other unde-
sirables) in future. It has been suggested that one 
should use deep wells for drinking and continue 
to use shallow wells for irrigation, lest the avail-
ability of water from deep wells may cease. It has 
been suggested that ground water should be tested 
before installing a tube well in the locality. Apart 
from this, periodical testing of the water from tube 
wells is also recommended because arsenic con-
centrations in those wells could change over time. 

2. Traditional dug wells (modernised as appro-
priate): They are recommended for more gen-
eral use; on the other hand, the sanitary dug 
wells, have been shown to be arsenic free. 

3. Treatment of surface water: This method is of 
use in places where perennial surface water in 
adequate quantity and of good quality is avail-
able. The available methods of treatment include 
slow sand filter, pond sand filter, pressure filtra-
tion followed by disinfection, small-scale con-
ventional or prototype treatment plants, and 
conventional surface water treatment plants. 

4. Rainwater harvesting: During the monsoon period, 
rainwater can be collected for drinking using several 
methods practiced in many parts of the world. This 
is of use in place where surface water source is lim-
ited and has to be combined with adequate storage 
tanks.

4.1.2 in public health

1. Arsenic Clinics: Strengthening the sub centres in the 
arsenic affected areas, particularly hot spots with 
Arsenic Clinics .The doctors will be trained on Early 
Case detections drugs for immediate sympotonic 
treatment (chealeting agents) will be stored. The 
field staffs will be trained on case detection in com-
munities which will be referred to the Arsenic clinics.  

2. Training of Doctors and field staff:  Doctors lo-
cated in affected areas will be trained on the 

symptomatic treatment, clinical aspects and ad-
ministering of drugs. In addition, the field staff 
of the sub centres and ASHA will be trained 
on identification of symptoms of arsenic.  

3. State Referral Centre: The state referral Centres can 
have facilities for testing of urine samples, hair and 
nail for arsenic. The centre can also have R&D unit to 
work on the symptoms of arsenicosis , higher level of 
disorder due to consumption of arsenic contaminat-
ed water resulting to systemic failures and work out 
Case Definition Algorithm. The state referral centre 
will be part of a national network involving Arsenic 
Research centre in Kolkata and Medical colleges in 
Patna and Lucknow. The state Research Centre can 
also have collaboration with international agencies 
for advance research to study impact and clinical 
mitigation due to arsenic contamination.

4.2 techniques and technologies for 
arsenic removal16

16  Finger Print of Arsenic contaminated Water in india-A 
review, chaurasia et al., J Forensic res 2012

The following are the different 
techniques available for removal 
of Arsenic from drinking water. 
• Adsorption on different media 
• Bioremediation and In- situ 

remediation 
• Coagulation-flocculation-

Sedimentation-filtration (Co-
precipitation) 

• Ion exchange 
• Iron coated sand 
• Low pressure Nanofiltration 
• Oxidation of Arsenic (III) 
• Passive sedimentation 
• Reverse Osmosis and electro 

dialysis 
• Solar oxidation

Technology Description User friendliness Sustainability Approximate 
costs

1. Hand pump 
attached Water 
Treatment Plant

Water treatment Filters 
with filter media are at-
tached to the handpump

User friendly ini-
tially but later issues 
regarding disposal 
of the filter media 
and management 
arises. operation and 
maintenance at the 
community level may 
be a constraint. 

Long term sustainabil-
ity is questioned due 
to disposal of filter 
media and proper 
management of the 
handpump. 

2. Rainwater Har-
vesting (Surface)

rooftop storage tank for 
collection of rainwater.  
effective in areas of high 
rainfall.

User friendly with 
proper treatment. 
intensive community 
involvement required.

issues of treatment of 
the collected rain-
water and maintain-
ing the pH hinders 
sustainability.

cost varies with 
building sizes, how-
ever rs. 2,000 to 
30,000 for building 
of about 300 sq. m

3. Rainwater Har-
vesting (Ground)

Ground storage tanks of 
collection of rainwater. 
effective in areas of high 
rainfall.

User friendly with 
proper treatment. 
intensive community 
involvement required.

issues of treatment of 
the collected rain-
water and maintain-
ing the pH hinders 
sustainability.

cost varies with 
building sizes, how-
ever rs. 2,000 to 
30,000 for building 
of about 300 sq. m

4. Fog Harvesting Water is collected from 
fogs under favourable 
climactic conditions using 
fog collectors.

effective in areas with 
high intensity of fogs. 

Long term sustainabil-
ity is threatened as 
the technology is very 
sensitive to changes in 
climactic conditions. 

Significant invest-
ment has to be 
made.

5. Groundwater 
recharge

Water from precipitation, 
natural streams, canals 
from large reservoirs 
etc. are used to recharge 
aquifers with depleted 
water levels.

effective in areas with 
depleted groundwater 
levels.

6. Water recycling treatment of waste water 
and its further use for 
non drinking purposes.

Lack of community 
acceptance hinders 
user friendliness.

sustainable only with 
effective treatment.

7. Piped Water 
Supply Scheme

treated surface water is 
distributed with a net-
work of pipelines.

User friendly sustainable with 
proper management

8. River Bed Filtra-
tion

Process of extracting 
groundwater from wells 
adjacent to a river, or 
from horizontal collector 
wells beneath a river bed 
or within the banks in 
order to induce filtration 
from the river.

effective in areas 
where the quality of 
water in the river is 
not suitable for water 
supplies due to inter-
mittent or chronic 
pollution.

9. Sub Surface 
Dams

Dams built across season-
ally flowing rivers or 
streams

User friendly as a 
small water supply 
scheme in arid and 
semi arid regions.

10. Integrated 
Water Resource 
Management

the coordinated develop-
ment and ……

User friendly sustainable with co-
ordinated approach

Significant invest-
ment has to be 
made

table 2 technologies for alternative water supply
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Major oxidation/precipitation 
technologies

Advantages Disadvantages

Air oxidation relatively simple, low-cost but slow 
process; in-situ arsenic removal; also 
oxidises other inorganic and organic 
constituents in water  

mainly removes arsenic (V) and ac-
celerate the oxidation process

chemical oxidation oxidises other impurities and kills 
microbes, relatively simple and rapid 
process; minimum residual mass

Efficient control of the pH and oxida-
tion step is needed

Major coagulation/coprecipita-
tion technologies

Advantages Disadvantages

Alum coagulation Durable powder chemicals are avail-
able; relatively low capital cost and 
simple in operation; effective over a 
wider range of pH 

Produces toxic sludge; removal of ar-
senic; pre-oxidation may be required

iron coagulation common chemicals are available; 
more efficient than alum coagulation 
on weight basis

medium removal of As(iii); sedimenta-
tion and filtration needed

Lime softening chemicals are available commercially readjustment of pH is required
Major sorption/ion-exchange 
technologies

Advantages Disadvantages

Activated alumina relatively known and commercially 
available. removes arsenic by way of 
adsorption

Needs replacement after four to five. 
regeneration: this requires grassroots 
level service centres which turns out 
to be a major challenge

table 3 comparison of main arsenic removal technologies

A noticeable feature in Assam is that the visibility of symptoms for arsenicosis is very thin. 
So a relevant research intervention could be to find out why in Assam there are so less vis-
ible symptoms or reports - is it the diet or does it have something to do with Iron also being 
present in water or just that there are symptoms and no one is reporting it?

(Source: Correspondence from meeting held in Assam, July 2014)

4.3 competencies in the sector 

This is a critical aspect of any work that is attempted in 
fighting the problem of arsenic contamination in drink-
ing water. Competency implies the ability of the various 
organizations to devise solutions and take action against 
the problem. Ability can be about – knowhow (technical), 
resource mobilization, availability of skilled profession-
als and financial resources. A careful assessment of these 
is critical to a successful mitigation program. This report 
aims to aid this competency development in the organi-
zations. 

For instance, identification of arsenic contamination in 
a village by examining skin lesions appearing on persons 
who drink arsenic contaminated water requires that the 
frontline staff (who is often a health worker) is familiar 
with the symptoms. Similarly, testing arsenic contamina-
tion using a field testing kit also requires training because 
the colour based tests used in the field need familiarity 
with result possibilities as well as with understanding of 
the chemical process to know the duration in which col-
our develops and conditions under which the kit is likely 
to show a false result. 

4.4 Policies and initiatives

While specific and clearly articulated policies have not 
yet been developed in Assam, the state’s Public Health 
Engineering Department (PHED) has made initiatives to 
address arsenic contamination in the districts. A series 
of activities have been listed out by the department to 
conduct over time. The time frame of these activities is 
not known – 

1. Extensive awareness on arsenic problem in arse-

nic endemic areas.

2. Tapping of alternate surface sources wherever 

feasible.

3. Promotion of Rain Water Harvesting System 

through awareness.

4. Use of domestic iron and arsenic removal filters.

5. Hand Pump attached arsenic removal plants.

6. Promotion of traditional ponds.

7. Up-gradation of existing Dug Wells to Sanitary 

Ring Wells.

PHED’s specific intervention and actions intiated include 
the following –

• Hand Pumps delivering water having arsenic more 
than the permissible limit are painted “RED” with 
caution display nearby not to use arsenic affected 
water from the Hand Pumps for drinking and cooking 
purposes. Hand Pumps with safe water in the local-
ity are painted “BLUE” so that the villagers could use 
safe water for drinking and cooking purposes. 

• Proposal for up-gradation of water testing District 
Level Laboratories (DLL) of APHED in Jorhat, Na-
gaon, Karimganj and Kamrup districts is submitted 
to UNICEF, Kokata with a request to extend neces-
sary support so that these DLLs could perform accu-
rate fluoride and arsenic detection. 

• Proposal for testing around 700 water samples from 
all the blocks of Dhemaji district is submitted to 
UNICEF, Kolkata. 

• Proposal for testing around 1000 samples from entire 
district of Karimganj and intensively from Bangladesh 
border areas is submitted to UNICEF, Kolkata. 

• Since arsenic carried along with river water from 
the upper stage is getting deposited in sediments in 
plains around river banks, as is happening in case of 
Bangladesh and West Bengal, it has been decided to 
get water samples tested from vulnerable zones on 
both the banks of river Barahmaputra and Barak and 
accordingly a proposal has been framed. 
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5. Looking forward



30 31

5.1 Gaps

Work in arsenic mitigation must begin with addressing 
the gaps in several areas – know-how on arsenic con-
tamination, government policies and response by district 
and state government agencies in surveillance as well as 
provision of arsenic-free drinking water. Gaps that can be 
addressed over the short term are :

1. There are no policies in effect as well as formulated 
to tackle arsenic problem in Assam in spite of a con-
firmed arsenic contaminated drinking water situa-
tion in several districts. 

2. Absence of a knowledge repository of information 
related to arsenic occurrence, contamination, health 
risks and mitigation approaches has further debili-
tated the work of local groups and agencies which 
are interested in addressing the situation. 

3. Since arsenic contamination is being reported from 
several blocks, there should have been an identi-
fication drive to mark safe aquifers in the affected 
regions. This would serve as a first step towards miti-
gating the effect of arsenic in drinking water. 

4. Inadequate awareness of the paths of exposure to 
arsenic from irrigation water and introduction of ar-
senic in the food chain has added to the burden of 
arsenic health impact in the region.

5.2 recommendations

1. The Need of Screening Patients From Arsenic Ef-
fected areas for Arsenicosis: The health Impact 
due to chronic arsenic exposure in Assam may go 
un noticed due to lack of experience of the phy-
sicians and health organizations, NGOs etc. in 
contrast to other regions like West Bengal, Bang-
ladesh etc. where a very large number of organi-
sations are actively involved in various studies.  
The early detection of Arsenicosis patients is im-
portant for curative treatment to start with. It has 
been experienced that by stopping the consumption 
of arsenic water combined with medical treatment 
for the arsenic exposure, arsenic symptoms gets 
reduced. The random screening of dermatologic 
patients from arsenic effected areas in OPD of hos-
pitals by properly trained doctors is important step. 
Hospitals must have arsenic detection equipment for 
urine, hair, nails and in water. The very high incidenc-
es of cancer in Assam strongly underline the need 
of arsenicosis diagnosis as well as special facility for 
medical mitigation of arsenicosis in high risk areas. 

2. The need of Arsenocosis manual: Arsenicosis disease 
detection manual for the doctors in the line of PR 
China will be very helpful for the physicians and para 
medical staff as well. This can be done relatively easi-
ly. The clinical manifestation of arsenicosis in patients 
include kerotisis ,melanosis, chronic liver problem.  

3. Restart Joint Plan of Action implemented by 
UNICEF, PHED , Health Department, GoA, 2005: 
The Joint Plan of action was not fully implemented 
especially with respect to health sector. For Exam-
ple there was a proposal for setting up of 15 arsenic 
clinics in blocks under Health Department which 
was not taken up nor was the intensive awareness 
generation campaign conducted in arsenic effected 
areas. Training of paramedical staff in arsenicosis 
detection, and doctor s in symptomatic treatment.  
The Medical Mitigation Centre would co-ordiante 
the PHED , Panchayat for safe water , sanitary mart 
for house hold arsenic removal low cost filters , IIT-
G for research input. Referral hospital for screen-
ing of suspected patients , arsenic content in urine 
,nail,hair, ensure medical and dietary intervention , 
health check up at regular interval, awareness gen-
eration , impact assessment , intervention review 
etc. and collaboration with national and interna-
tional level arsenic research centre . These are vital 
for surveillance on arsenicosis and treatment. Till 
now the medical professionals are not equipped 
either to detect or to treat arsenicososis patients-
this also explains non reporting of the diseases in 
Assam in spite of 71% of districts are effected by 
ground water with arsenic beyond permissible limit. 

4. The Need Of Arsenic Task Force: An Arsenic Task 
force (ATF)/Arsenic steering Committee (ASC) com-
prising experts in the field of water , health, water r 
esources , geology ,irrigation , agriculture ,environ-
ment at national /state level in needed. It is to be 
constituted to deal with the policy, planning ,strat-
egy of implementation monitoring and evaluation 
of arsenic mitigation. The task force should have 
representative from the government ministries and 
department , research and educational institutions. 
NGO and other competent entities , donor/funding 
Agencies,. At district and sub divisional level and 
arsenic coordination committee should be formed 
to steer the institutional collaboration at block or 
grassroots level. The DLACC would function in a 
similar way as the national task force , using its gen-
eral guidelines and principles. Of late there is spurt in 
research activities on this toxic element of this state 

under different institutions like Guwahati University, 
IIT-Guwahati, Tezpur University, Assam University , 
Jorhat, NERIWALM Tezpur North East Institue of sci-
ence and Technology, Jadavpur University, Kolkata, 
including Foreign Universities and various research 
institutes even at private level. Unfortunately there is 
lack of co-ordination sometimes leading to reinvent-
ing the wheel. The valuable data , findings and learn-

Case Study 

Location: Bidyanagar village ( As> 300 ppb) Karimganj District 

In this village here public awareness about arsenic and its bad effects are found to be at higher 
level due to the works of PHED staffs. Mr. Shantanu Bhattacharjee, the priest of Satsang Ken-
dra of the Bidyanagar village had installed a TARA pump three months back but was unwilling 
to consume the water for drinking because the water had high iron content and he suspected 
rsenic also in it because his neighbour’s tubewell had detected with high level of Arsenic (120 
ppb). His family was aware of the risks of Arsenic contamination and was under the impres-
sion that the symptoms of itching of skin rose when they used water from the TARA pump. 
Hence they had switched over to using water from the pond located within their compound. 
The family wanted the water samples from the TARA pump to be tested as soon as possible 
by the PHED.

A dichotomous case was observed in Bidyanagar village, Karimganj block, wherein opinions 
differed widely over a stretch of 3 kilometres. In the village the people depended primarily on 
the public water supply system supplied by the Tangla river source located nearby. The unit 
had been functional since 2009 serving a population of around 250 people. The unit was being 
run on an inverter and the area did not face much power shortages. But just a kilometre from 
the village on the highway there were two families which were not covered under the water 
supply scheme. One family was headed by Mr. Laxmirarajan Das whose tube well had been 
found to be affected by Arsenic and had been subsequently removed. Now he collected water 
from the river source, Longai.

Sometimes he collected water from the nearby pond. This pointed towards inadequacies of 
the water supply coverage. Upon probing whether he had conveyed his problems to the Gram 
Panchayat, he replied in the positive and said that the members promised action and the pipe-
line was extended but has remained non-functional since the past 2 years.

(Source: Mr. Ganesh, TISS, Intern at Arsenic KNowledge and Action Network)

ing‘s must be used for peoples benefit .Unless this is 
done the society cannot be benefited. The need of 
Task Forces in the state is acutely felt. The task force 
can be a store house of knowledge and used for dis-
semination of in formations in proper manner, guid-
ance to the organisations and Government engaged 
in mitigation fields.
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Appendix
The following is the list of hot-spots of Arsenic (> 400 ppb) in Brahmaputra Valley of Assam till 2005. (Source: Joint Plan 
of Action, 2005)

District sample size (% of 
Arsenic contami-
nation)

Location ( name of Block) Population Arsenic(µg/l)

Jorhat 80(21) sikhabari ( moriani) 400 358.5
444.5

Borhola(titabor) 420 656.3
530.4

ikarani ( titabor) 500 479.4
511.4

sukanjan(titabor) 3400 472.4
Dangdhora(titabor) 500 480.4
Keshojar(titabor) 250 457.4

Lakhimpur 76(21) Amtola (telahi) 800 600.3
nagaon 76(13) Lakhowabandha(Pashim Koliabor) 100 421.5

Kollongpar(raha) 1000 458
na-Dewri Gaon(Kathiatoli) 250 601

nalbari Bormurikona(Paschim nalbari) 200 422
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