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The Scenario of Arsenic in Drinking Water in Nepal 

 
- Robin Lall Chitrakar1 and Amar Neku2 

 

Background/Introduction  

 

Nepal is located south of Lhasa province of China and north of the states of Uttar 
Pradesh and Bihar in India. Administratively, it is divided into 5 regions, 14 zones, 
and 75 districts. It can be divided into three geographical regions namely, the 
mountains, foothills and terai on the basis of its topography and climate. The terai 
region is the southernmost belt having a width ranging from 30 km to 40 km and its 
altitude varies from 60 m to 310 m above mean sea level. The 20 districts of the terai 
region adjoining India are the plains forming the northern extension of the Indo-
Gangetic Plain. Their geology is similar to the Bengal Delta Plain (BDP) in 
Bangladesh and West Bengal, India. Only in the late nineties, the problem of arsenic 
(As) contamination in the groundwater (shallow tubewells) of these terai districts of 
Nepal was identified. This problem has specially emerged as a critical environmental 
health issue in this SAARC (South Asia Association for Regional Cooperation) 
region. 
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The population of Nepal is about 23.4 million people according to the recent 
population census data (2001).  Of this, about 47% live in the 20 Terai districts and 
about 90% of these people use ground water for drinking and other purposes.  
Although there is no firm data on the type and total numbers of tube wells, it is 
estimated that each Terai district has of the order of 10,000 shallow tube wells.  Of 
these, about 50% are installed by the government and other agencies with the 
remaining 50% installed by private companies and individuals.  In total therefore 
current estimates are that in Nepal there are about 200,000 tube wells providing 
drinking water for about 11 million people. In this context, contamination of Terai 
ground water with arsenic is an emerging issue for Nepal also.  Based on the arsenic 
tests carried out in the terai tube wells so far by different agencies working in this 
sector (Refer to Table 3), the rough estimated number of people in Nepal who might 
be using water with “high” arsenic is presented in Table 1 below. 

Table 1:  Preliminary Estimate of Extent of Problem in Nepal 

Based on WHO guideline (10 

g/litre) 

Based on India and Bangladesh 

guideline  (50 g/litre) 

% Exposed Population % Exposed Population 

29 3.19 million 5 550,000 

Notes:  This is a very preliminary estimate.  Therefore, use this summary with 
caution.  

Arsenic- General Information 
 
Arsenic (As) is a metallic main group element, found in Group V (b) of the Periodic 
Table with Atomic Number 33, and relative atomic weight 75. Arsenic is a natural part 
of the earth's crust in some parts of the globe and may be found in water, which has 
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flowed through arsenic-rich rocks. There has been wide and varied debate about the 
source of the arsenic, but it is now widely accepted that the source of the problem in 
India and Bangladesh is generally from the underlying geological strata.  In Nepal - 
Arsenic is from naturally occurring sources since there is no evidence of drinking 
water being contaminated by industries. There are two main theories as to how this 
contamination occurs:  

 Pyrite oxidation. In response to pumping or other natural water level 

variations, air or water with dissolved oxygen penetrates into the ground, 
leading to decomposition of sulphide minerals and the release of arsenic.  

 Oxyhydroxide reduction. Arsenic is naturally transported and adsorbed onto 

fine-grained iron or manganese oxyhydroxides, which slowly break down under 
anaerobic conditions. 

It is increasingly accepted that the second theory is the most likely explanation but 
the whole process is still not well understood.  

 
Drinking arsenic-rich water over a long period is unsafe, and in some countries 
around the world the health effects are well known. The most commonly reported 
symptoms of chronic arsenic exposure; Arsenicosis may be put into three stages 
namely: 

 

 Earlier Stage1: - Melanosis (Darkening or blackening of skin color. Small black 

spots or diffuse black patches particularly over the trunk and back then 
gradually over the whole body); Keratosis (Skin becomes hard and rough 
especially on Palms of hands and soles); Conjunctivitis (Reddening of eyes); 
Bronchitis (Infection of respiratory system); and Gastroenteritis (Includes 
nausea, vomiting, and loose motion) can be observed in this stage. 

 Secondary Stage1: - Leuko–Melanosis (Black and white spots on various 
parts of the skin of the body); Hyperkeratosis (Rough nodules on palms and 
sole); Non-pitting edema (Swelling of leg); and Peripheral neuropathy 
(Terminal neurosis) can be observed in this stage. Even various complications 
of kidney and liver occur.  

 Tertiary Stage1: - Gangrene (Necrosis with putrefaction of terminal limbs of the 

body); and Cancer (Cancer of skin, urinary bladder and lungs) can be observed 
in this stage. Eventually, failure of function of the liver and the kidney occur. 

 

Studies show that high concentrations of arsenic in a community's well do not 
necessarily correlate with high levels of arsenic symptoms within the community. 
Studies also suggest that malnutrition, Hepatitis B, and smoking will accentuate the 

effects of arsenic poisoning and that arsenic concentrations in wells in close 
proximity may vary widely.  

The Department of Water Supply and Sewerage (DWSS), as a leading government 
agency in the water sector of Nepal, has been involved in installing shallow tube 
wells in the terai region since its establishment in 1972 in order to safeguard drinking 
water from microbial contamination as well as to increase the coverage of access to 
safe water for more people to meet the set national goal as "Water for all in 2002". 
Later as the Bengal Delta Plain (BDP) in Bangladesh and West Bengal, India came 
up with this arsenic (chemical) contamination in ground water problem issue, the 
possibility of arsenic chemical contamination in some terai tube wells in Nepal was 
initially recognised only in the late 1990's. During that time, the two major actors in 
the arsenic sector have been the Department of Water Supply and Sewerage (with 

                                                        
1 An Overview of the Arsenic in Bangladesh. Water Aid, Bangladesh (2000). 
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WHO and UNICEF support) and the Nepal Red Cross Society (NRCS) with the 
support of the Japanese Red Cross Society. Other water supply agencies namely, 
Rural Water Supply and Sanitation Sector Project (RWSSSP), Rural Water Supply 
and Sanitation Fund development Board (RWSSFDB), Nepal Water for Health 
(NEWAH) are now taking active steps in this area. Also, Nepal‟s National Steering 
Committee on Arsenic (NSCA) has been formed and in operation for two years.  This 
steering committee consists of 14 members from different agencies involved in water 
and health sectors in Nepal and working in the arsenic related field with a 
coordinated approach. The Interim Arsenic Policy Document on Arsenic has been 
prepared by this NSCA, which has been approved (An interim guideline of a 

maximum 50 gL-1 arsenic in drinking water has been recommended) by the 
government in August 2000. Recently, DWSS with assistance from the UNICEF has 
initiated „Terai Tubewell Arsenic Testing and Mitigation Program‟ with the objectives 
of (i) determining the extent of arsenic contamination in more tube wells in the Project 
area; (ii) identify patients with arsenicosis symptoms in the study area; (iii) make 
communities aware about arsenic; and (iv) determine the viability and effectiveness 
of different water supply options. The program has already conducted testing of 3896 
tube wells by field test kits in 20 districts of the terai region for screening positive 
samples and has also conducted confirmation testing of 1772 tube well water 
samples in the laboratory by the Atomic Absorption Spectrophotometer with hydride 
generator (AAS-HG). More water samples will be analysed in the most affected terai 
region this year.   

This paper deals with the outcomes of the tests and studies conducted till now 
by the DWSS especially focussing on ‘Terai Tube wells Arsenic Testing and 
Mitigation Program’ launched with assistance from UNICEF. 

Overall methodology 

The following methods/activities were adopted during this program: 
 

 UNICEF/Nepal provided Arsenic Field Test Kits developed by All India Institute of 
Health and Public Hygiene (AIIPHH) at Calcutta, India; 

 These test kits were modified to make it more user friendly at the field level for 
the front line field technicians; 

 Organised Arsenic Orientation Training to DWSS staff namely, Regional 
Directors, District Engineers, Assistant District Engineers, Overseers, and Water 
Supply and Sanitation Technicians (WSSTs); 

 Supplied test kits together with required chemicals for field tests and logistics to 
the trained WSSTs working in 20 terai districts and also briefed all the trained 
WSSTs in their respective districts about the stepwise procedures to be 
undertaken in the field and at the office for field-testing and delivering the 
samples to the Laboratory for confirmation tests; 

 Monitored all 20 districts during the field-testing period; 

 Results collected together with all samples for further confirmation tests using the 
AAS-HG and also collected empty bottles used for microbiological 
presence/absence tests; 

 Entry of all the data collected from 20 districts; 

 Collected confirmation test results of all positive and also few negative samples 
from the field kit method from the laboratory using (AAS-HG);  

 Analysed all test data which is under processing;  

 More tests will be conducted in arsenic affected area; 

 Information, Education, and Communication (IEC) materials are being developed; 

 Orientation and community awareness programs will be launched using these 
IEC materials and available test data; and 
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 Safe options will be determined for the affected communities. 
 
Field Testing 
 
Field-testing kits developed by All India Health and Public Hygiene (AIIHPH) has 
been used to detect arsenic concentration greater than 0.05 mgL-1 (50 ppb or 50 
μgL-1) in tube well drinking water. This kit has been recommended by the 
manufacturer to detect arsenic greater than 50 ppb (An interim guideline of a 

maximum 50 ppb or gL-1 arsenic in drinking water has been recommended in 
Nepal) in drinking water. The test procedures are based on the following principles: 

 As (V) is reduced to As (III) by adding Potassium Iodide (KI) and Stannous 
Chloride (SnCl2) in the acidic environment; 

 As (III) is allowed to react with the hydrogen ion, which would be generated 
by the reaction of hydrochloric acid (HCl) and Zinc granules to form arsine 
gas (AsH3); 

 The arsine gas thus produced is passed through a column containing a roll of 
cotton moistened with lead acetate solution to avoid possible interferences 
due to sulfide and antimony present in the sample water; and  

 This generated arsine produces a yellow-brown stain on mercuric bromide 
paper, which can be visibly detected.  

 
Laboratory Testing 

 
Having screened arsenic positive samples by the AIIHPH field kits, all positive as 
well as a few negative samples collected and labeled from the field have been tested 
in the laboratory using the Atomic Absorption Spectrophotometer with hydride 
generation (AAS-HG) This is a standard and a reliable method recommended in the 
Standard Method for the examination of arsenic analysis in water at the ppb 
concentration levels approved by the American Public Health Association and the 
USEPA. An MDL as low as 0.002 mgL-1 can be obtained in this method. 
 

Results and Discussion 

Studies show that test results may vary seasonally between pre-monsoon and post–
monsoon period especially at tube wells located along the active flood plain area. In 
order to minimize the effect of this seasonal variation in our test results, all the tests 
were planned to be conducted during the pre-monsoon period, but in a few districts 
(Jhapa, Kanchanpur, and Banke) the monsoon had started during the test. However, 
there were only a very few tube wells located along the active flood plain since the 
location of tube wells were initially selected using the grid of 1.25 -2 Km2  (1 tube well 
in 1.25–2 Km2 grid) using the topographical maps having latitudes, longitudes, and 
altitudes. Moreover, only a few days rain may not increase the ground water table 
substantially in these districts to affect our test results significantly. 

The field-test results of 3896 tube wells using AIIHPH test kit helped for screening 
positive samples. The positive samples and a few negative samples (Total 1772 #) 
were selected from the whole lot of preserved samples for confirmation tests in the 
laboratory by the Atomic Absorption Spectrophotometer with hydride generator 
(AAS-HG). The microbiological presence and absence tests for all (3896) tube wells 
were also conducted in order to observe if the tested tube wells were 
microbiologically contaminated.  These test results are presented in Table 2. The 
summary of arsenic occurrence in ground water of Nepal is also presented in 
Table 3, which is the collection of test data by different agencies involved in 
this sector. 



 6 

 

Table:2  Number of Arsenic and Microbiological Contaminated Tubewells
Updated on:

Districts Jhapa Morang Sunsari Saptari Siraha Dhanusa Mahottari Sarlahi Rautahat Bara

District Code # I II III IV V VI VII VIII IX X

"+" samples with As Field Kit 18 19 108 13 84 84 24 60 24 53

Microbiological contaminated samples # 66 126 113 83 121 84 106 107 99 79

# Samples tested in the field 100 200 200 200 200 200 200 200 200 200

% of "+" samples with As Field Kit 18% 10% 54% 7% 42% 42% 12% 30% 12% 27%

% of Microbiological Contaminated samples 66% 63% 57% 42% 61% 42% 53% 54% 50% 40%

# Samples tested in the Lab. By AAS 39 65 138 60 103 113 67 92 68 90

# Samples with As > 0.01 mg/lit to 0.05 mg/lit 4 14 11 10 21 28 8 36 23 17

# Samples with As > 0.05 mg/lit 1 1 0 2 9 7 1 13 5 6

% Samples with As > 0.05 mg/lit 1% 1% 0% 1% 5% 4% 1% 7% 3% 3%

Highest As Concentration (mg/lit) 0.079 0.07 0.026 0.098 0.09 0.106 0.08 0.098 0.324 0.107

Districts Parsa Chitwan Nawalparasi Rupandehi Kapilvastu Dang Banke Bardia Kailali Kanchanpur Total

District Code # XI XII XIII XIV XV XVI XVII XVIII XIX XX

"+" samples with As Field Kit 16 0 93 44 14 66 0 37 0 161 918

Microbiological contaminated Samples # 86 64 143 132 115 135 44 160 98 165 2,126   

# Samples tested in the field 200 200 200 200 200 196 200 200 200 200 3,896   

% of "+" samples with As Field Kit 8% 0% 47% 22% 7% 34% 0% 19% 0% 81% 24%

% of Microbiological Contaminated Samples 43% 32% 72% 66% 58% 69% 22% 80% 49% 83% 55%

# Samples tested in the Lab. By AAS 62 85 106 82 83 100 98 78 87 156 1772

# Samples with As > 0.01 mg/lit to 0.05 mg/lit 2 0 11 11 18 9 9 14 26 17 289

# Samples with As > 0.05 mg/lit 3 0 52 4 4 0 3 1 7 9 128

% Samples with As > 0.05 mg/lit 2% 0% 26% 2% 2% 0% 2% 1% 4% 5% 3.29%

Highest As Concentration (mg/lit) 0.343 0.008 0.242 0.089 0.111 0.05 0.27 0.101 0.213 0.221 0.242

November 26, 2001

Department of Water Supply & Sewerage
Terai Tubewell Arsenic Testing Programme

Panipokhari, Kathmandu
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Table 3: Summary of known Arsenic occurrence in GW in Nepal as of November 26, 2001

District Source of 

data

Total no. of tests Max. conc
n

. 

detected.

 
> 10 ppb to 50 ppb > 50 ppb

ppb

DWSS* 131 7 1 79 Note:

NRCS 332 63 0 36 DWSS: Department of Water Supply & Sewerage

Sub-total 463 70 1 36 NRCS: Nepal Red Cross Society

DWSS* 155 23 1 70 NWSC: Nepal Water Supply Corporation

NRCS 11 0 0 5 RWSSSP: Rural Water Supply & Sanitation Support Programme

Sub-total 166 23 1 50 NEWAH: Nepal Water for Health

DWSS* 224 21 2 75 * : Including the data from the DWSS/WHO study 

NRCS 6 0 0 5 Tandukar: M.Sc. Research study data.

Sub-total 230 21 2 75

DWSS 60 10 2 98

NRCS 300 23 0 29

NEWAH 37 10 2 70

Sub-total 397 43 4 45

DWSS 103 21 9 90

NEWAH 10 0 0 6

Sub-total 113 21 9 90

Udayapur NRCS 3 0 0 5

DWSS 113 28 7 106

NRCS 11 0 1 140

Sub-total 124 28 8 140

DWSS 67 8 1 80

NRCS 2 0 0 5

Sub-total 69 8 1 41

DWSS 92 36 13 98

NRCS 299 30 1 56

Sub-total 391 66 14 98  

DWSS 68 23 5 49

NRCS 1767 1228 193 324

NEWAH 82 25 1 82

Tandukar 89 27 8 121

Sub-total 2006 1303 207 176

DWSS 90 12 6 107

NRCS 1760 208 44 254

Sub-total 1850 220 50 254

DWSS 62 2 3 343

NRCS 1864 246 50 456

Sub-total 1926 248 53 456

Kathmandu NWSC 30 14 0 48

DWSS 85 0 0 8

NRCS 15 0 0 7

Sub-total 100 0 0 8

DWSS 106 11 52 242

NRCS 712 364 106 436

RWSSSP 131 21 30 341

Sub-total 949 396 188 436

DWSS 82 11 4 89

NRCS 761 143 3 253

RWSSSP 244 23 15 2620

Sub-total 1087 177 22 2620

DWSS 83 18 4 111

NRCS 612 30 2 39

RWSSSP 264 9 0 30

Sub-total 959 57 6 111

Rupandehi

Kapilbastu

Samples with Arsenic Concentrations

Jhapa

Morang
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Saptari

Mahottari

Nawalparasi
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Chitwan
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Graph 3:  Comparision of Test Results between AIIHPH  and AAS-HG 
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 Graph 4:  AAS-HG  Test Results Versus Negative Samples from AIIHPH 
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  Graph 2:  Depth of Shallow Tubewells having Arsenic Concentration > 50 ppb
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Graph 1:  Arsenic Concentration in Tube Wells of Different Districts of Nepal
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Table 2, Graphs 3, and 4 depicts that about 24 % (918 out of 3896) of tube wells 
were identified as arsenic positive from the AIIHPH field test kits. The AAS-HG has 
detected arsenic in 737 samples out of 918 positive samples. Only 98 numbers of 
tube wells have exceeded arsenic concentration greater than 0.05 mgL-1 and 281 
numbers of samples have exceeded WHO Guideline Value of 0.01 mgL-1. Likewise, 
880 out of 2978 negative samples were also tested using the AAS-HG. Surprisingly, 
565 samples were detected with arsenic positive; 30 samples have exceeded 0.05 
mgL-1 and 136 have exceeded the WHO Guideline Value of 0.01 mgL-1. Altogether 
128 (3.3 %) samples were found to have exceeded Nepal‟s Interim Arsenic Guideline 
Value of 0.05 mg L-1 and 10.7 % of samples have exceeded the WHO Guideline 
Value of 0.01 mgL-1. It shows that for the positive screening tests the AIIHPH field 
kits have provided the results in conservative side whereas a lot of undetected 
samples by the AIIHPH were detected positive by the AAS-HG. Therefore, it is too 
early to draw a conclusion at this point on the reliability of the AIIHPH since there are 
many factors that affects the sensitivity of the field-test namely, quantity of As. 
present in test water, strength of mercuric bromide paper, quantity and quality of 
other reagents, contact time, and also a person who perform tests. Looking at the 
control conditions in the laboratory, there is less likely of errors occurring in 
laboratory test results compared to the field situations. This is the reason of 
considering only laboratory results in preparing the summary data presented in Table 
3. From the economy point of view test kits are feasible options for screening positive 
samples in Nepal‟s village context, however, random testing of negative samples 
must also be tested using AAS-HG or other recommended laboratory methods for 
reconfirmation. 

Table 3 and Graph 1 demonstrates the occurrence of Arsenic in groundwater in 
different districts of Nepal as of November 26 2001.  Four districts namely, Rautahat, 
Nawalparasi, Parsa, and Bara seemed to have relatively more arsenic in 
groundwater than other districts. The table 3 data shows that 207, 188, 53, and 50 
tube wells from the above districts, respectively contain more than Nepal‟s Arsenic 
Interim Guideline value of 0.05 mgL-1. Altogether 5 % of tube wells have more than 
Nepal‟s Arsenic Interim Guideline Value and 29 % of tube wells have more than the 
WHO Arsenic Guideline Value. These figures will further increase as more and more 
tests are still going on and only about 6.3 % of tube wells have been tested so far.  

Graph 2 provides us with the information that the shallow tube wells having arsenic 
concentration greater than 0.05 mgL-1 have the depth mostly concentrated at the 
range of 7 to 28 m. More testing and hydro-geological studies are required to 
establish a relation between the depth of tube wells versus arsenic concentrations. 

Table 2 shows that about 55 % of tested tube wells were found to be 
microbiologically contaminated indicating the need of improving sanitation around the 
tube well platform sites. Generally, platform are not properly constructed and 
maintained and sometimes not provided thereby leaking contaminated water. Also, 
contaminated water has been found to be used for priming tube wells.   

Future Action and Recommendations 

Screening Tube wells by Blanket Testing 
More testing (Blanket Testing) is needed to get more accurate small-scale 
understanding of the extent of arsenic in groundwater and arsenic free sources. Only 
12500 out of 200,000 tube wells have so far been tested.  
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Vital Information Dissemination and Community Awareness Program  
Communication with communities is very vital especially on the issues and ways to 
deal with the problem. Inform communities on the status of the tube wells and 
provide them with safe options. Demonstration of simple technologies is required to 
remove arsenic. Communicate the following basic messages with the help of IEC 
materials/Radio/TV/Village Meetings. (Developing and Printing of IEC materials are 
in the process).  

 Do not use for drinking and cooking from the tube wells having arsenic 
greater than 0.05 mgL-1 (The spouts of these tube wells are painted white 
with black crosses). 

 Drink from safe tube wells and allow others to share safe tube wells (Source 
substitution).  

 Improve diet to include some protein and take vitamin supplements. 

 Explain external symptoms of arsenicosis and refer to health centres. 

 Demonstrate simple household arsenic removal technologies. 

Providing Access to Safe Water 

 Identification of Arsenic Safe existing shallow tube wells (unpainted tube 
wells); deep tube wells (studies show that deep tube wells are relatively safer 
than shallow tube wells). 

 Safe Surface water. 

 Rain Water Harvesting. 

 Household/Community level arsenic removal technologies namely, 3-Kolsi 
(Pitcher or Gagri) Filter (relies on passive coagulation with iron and/or 
adsorption to sand matrix); Solar Oxidation and Removal of Arsenic 
(SORAS); filters using tablets; Activated Alumina/adsorption Filters; Passive 
sedimentation (Relies on passive coagulation with iron); DPHE/DANIDA 
Bucket Treatment Unit (Relies on enhanced coagulation by the use of Alum, 
less dependent upon ground water iron, chemical oxidant enhances arsenite, 
As (III), removal by the use of KMnO4). Stevens Institute of Technology 
(Relies on enhanced coagulation and co-precipitation using ferrous sulfate, 
less dependent upon groundwater iron, Chlorine based chemical oxidant 
enhances As (III) removal). It is to be emphasized that the drinking water 
supplied must not only be free from harmful levels of arsenic, but also from 
bacteriological contamination, and other chemical contaminants. Arsenic can 
not be removed from contaminated water by boiling or by using normal candle 
filter. These removal technologies can also effectively remove iron. 

Provide Medical Care to the Affected 

 Preparation of a trained network of health workers. 

 For less affected patients: - stop drinking arsenic contaminated water, 
distribute vitamins A, B, C, and E, and provide micro-nutrients, proteins, and 
ointment. 

 Referral for seriously affected patients. 

Research Studies 

 Hydro-geological and Geo-chemical study of sediments including ground 
water aquifers. 

 Health research.  
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 Mitigation solutions.  

Laboratory Facilities 

 Regional laboratory facilities. 

 Private tube well – testing and mitigation. 

Needs of Institutionalisation  

Only an administratively and financially secured institution can institutionalise the 
Arsenic Testing and Mitigation Program and a peace meal basis program will not be 
sustainable in the long run. The set up institution should conduct Arsenic-monitoring 
program to test groundwater at least twice during pre-monsoon and post-monsoon 
period since studies show that arsenic concentration in ground water varies 
seasonally. Also the institution should develop guidelines/regulations for installing a 
new tube well. These guidelines should make testing mandatory prior to installing a 
new tube well and also a tube well should not extract water from different aquifers to 
avoid possible inter-aquifer arsenic contamination if possible. 
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