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Executive Summary

A total of 268 water samples were tested for probable arsenic contamination from Jhhapa,
Morang, and Sunsari districts of Eastern Terai of Nepal. The samples were tested in the
laboratory of Nepal Environmental and Scientific Services (an accredited laboratory from
Department of Standards and Metrology) in Kathmandu.

Table ES-1 shows the result obtained for arsenic concentration of groundwater in the study
area.

Table ES-1. Laboratory Result of Cumulative Arsenic Contamination of Groundwater in the Study Area

District  No. of Samples Tested No. of Samples found in concentration range (mg/L)
Not Detected, < 0.003 0.005-0.01 _ 001-005  >005
Jhhapa 92 86 3 3 0
Morang 90 79 2 9 0
Sunsari 86 70 4 10 2

The result for Jhhapa district shows that there are 3 wells with arsenic concentration range
exceeding WHO guideline value of 0.01 mg/L. However, they do not exceed India and
Bangladesh standard of 0.05 mg/L. In Morang, 9 samples have exceeded WHO guideline
value. The scenario is found bit different for Sunsari. With 12 values exceeding WHO
guideline, 2 of them still exceed India and Bangladesh standard. Moreover, area of
contamination for Sunsari district shows that the "hot pocket" basically lies close to River
Koshi.

Although not found spread widely, few cases of symptoms similar to arsenicosis had been
observed in the study area.

Some recommendations have been made in the Report together with identification of
future research areas.
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1.0 Introduction

1.1 Background of the Study

Arsenic - one of the oldest poisons known to mankind and a known human carcinogen,
has created serious contamination of the environment and has caused much mass
poisoning throughout the world. At present, arsenic contamination of groundwater in the
neighbouring Indian State of West Bengal and adjacent Bangladesh has emerged as the
biggest arsenic-calamity in the world.

Man's exploitation of the nature, as for example, the overuse of groundwater for irrigation,
geothermal power plants and mining operations and until recently use of several forms of
arsenic-laden pesticides has seriously threatened the wellbeing of mankind and the pristine
state of the environment.

Now, as a lesson for mankind, the present situation has created an increased consciousness
among responsible citizens and governments worldwide about health and the environment.
The present situation has also warranted that natural resources be utilized and exploited
with topmost regard for health and environmental consequences. Moreover, the
dimensions of the damage thus incurred in the environment have demanded sound
scientific information and affordable mitigation measures in addressing these
consequences.

This Report is an outcome of the agreement signed on 26™ May 1999 berween the
Department of Water Supply and Sewerage and the World Health Organization (WHO) to
conduct a research study on "Possible Contamination of Groundwater with Arsenic in
Jhhapa, Morang, and Sunsari districts of Eastern Terai of Nepal"

Since this study is first of its kind in the context of Nepal, the understanding of the task is
based on review of terms of reference (TOR), relevant literatures, standards and practices
applied and followed by institutions in neighbouring India and Bangladesh.

1.2 Objective of the Study

General objective of this study is to draw a concept regarding the occurrence of this
substance in the groundwater of Nepal and more specifically in the groundwater of
Jhhapa. Morang, and Sunsari districts of the Eastern Terai of Nepal.

Specific objectives of this study are listed hereunder:

L. Review of the findings of the institutions namely WHO's regional office in
New Delhi and other related country-institutions regarding arsenic crisis in the
area,

Determine its occurrence and concentration (sufficient to influence drinking
water quality) in the study area,

Identify, if any, negative health effects from consumption of groundwater, and
Make suggestions and recommendations based on findings of the study.

2
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1.3 Expected Outputs

Expected outputs of this study are:

Scenario of groundwater contamination from Arsenic reviewed,

Occurrence and concentration of arsenic sufficient to influence drinking water
quality identified,

Areas with groundwater possibly contaminated with Arsenic identified, and
Negative health effects from consumption of groundwater identified.

1.4 Methodology

This study is conducted within the framework of the following methodology:

i

2

Critical review of literatures related to arsenic poisoning, review of works
accomplished by related country-organizations of the region;

Field visit, data collection, and sample collection; formats developed for this
purpose are annexed,

Testing:

Tests conducted on site with the aid of arsenic detection field-kits for quick
screening and spectrophotometry method for more accurate and detail analysis
in the laboratory;

Result analysis / interpretation; and

Report generation.



2.0 Arsenic- Fundamental Facts

2.1 Introduction

Arsenic, As, is a metallic main group element, found in Group V(b) of the Periodic Table
with Atomic Number 33, and relative atomic mass 74.92. Arsenic was first isolated as the
metal by Albertus Magnus about 1250 AD. Arsenic, also an oldest known human poison,
is reported to have six very specific characteristics (Azcue & Nrjagu, 1994 in Dahi,

1997a):

It is a virulent poison on acute ingestion, 76 mg As (III) is considered to be
lethal to adults.

It is extremely toxic on long term exposure to very low concentrations.

It is not visible in water and food. Even heavily contaminated water may be
clear and clourless.

It has no taste. Even heavily contaminated water may have a pleasant taste.

It has no smell even at deadly concentrations.

It is difficult to analyse, even when occurring in water in concentrations double
as high as the WHO guideline.

Arsenic is found in the minerals as oxides, sulphides and arsenides:

Arsenolite, AssOp,

Realgar, As:S,

Orpiment, As,Sa,

Mispickel or Arsenical Pyrite, FeAsS,
Cobaltite or Cobalt Glance, CoAsS,
A Tin White Cobalt, CoAss,
Arsenical Iron, AsFe and As.Fe:,
Nickel Glance, NiAsS,

Kupfernickel, NiAs; and stc.

Arsenic is similar to Calcium in its chemical properties. Arsenic in its elemental form
exhibits allotropy and three forms are known:

1.

2.

(5!

gamma-Arsenic which is also known as grey-Arsenic, is the ordinary form and
it is a steel-grey metallic substance with a bright lustre,

beta-Arsenic is formed when the gamma-Arsenic is heated in a stream of
Hydrogen and black crystals of beta-Arsenic are deposited nearest the hot end
of the tube, and

alpha-Arsenic is formed when the gamma-Arsenic is heated in a stream of
Hydrogen and a yellow powder of alpha-Arsenic is deposited in the cooler part
of the tube. Alpha-Arsenic is very sensitive to light and reverts to gamma-
Arsenic.

Soluble arsenic occurs in natural waters only in As (V) and As (III) oxidation states.
Although both organic and inorganic forms of arsenic have been detected, organic species
(methylated arsenic) are rarely present at concentrations larger than 1 pg/L and are
generally considered of little significance compared with inorganic arsenic species in
drinking water treatment (Edwards, 1994). However, Susheela (1999) is of the view that
both organic and inorganic arsenic are found in natural water in the ratio of 1:l.

Ly



Furthermore, the pentavalent arsenate species are found mostly in an oxygen-rich aerobic
environment, whereas the tnvalent arsenite species are found mostly in anaerobic
environments such as groundwater.

Arsenic has a wide variety of uses in several industries. It is used:
* in the manufacture of arsenic compounds;
* 1n preparing hardened lead shot;
* in alloys used for making boiler tubes;
* in insecticides and weed-killers; and
* in the electronics industry in the manufacture of semiconductors.

Arsenic is detected by the green coloration of Copper Arsenide, CuAs, which is formed on
the surface of Copper foil when the arsenic compound is heated with hydrochloric acid.

2.2 Carcinogenicity and Health Effects

An TARC working group reported that there is sufficient evidence for the carcinogenicity
of inorganic arsenic compounds in humans. Many cases of skin cancer have been reported
among people exposed to arsenic through medical treatment with inorganic trivalent
arsenic compounds. In some instances, skin cancer has occurred in combination with other
cancers, such as liver angiosarcoma, intestinal and urinary bladder cancers and
meningioma. An association between environmental exposure to arsenic through drinking
water and skin cancer has been observed and confirmed. The Department of Health and
Human Services (USA) has determined that arsenic is a known carcinogen. IARC has
determined that arsenic is carcinogenic to humans. Both the US EPA and National
Toxicology Program (USA) have classified arsenic as a known human carcinogen.

Although animals fed with a normal amount of arsenic showed better results than their
counterparts that had been fed with unusually low concentrations of arsenic no cases of
arsenic deficiency in humans have ever been reported (USPHS, 1993).

Graef (1995) confirms that arsenic produces its toxicity by binding with tissue sulfhydry
groups. The early manifestations of arsenic poisoning are: muscle weakness and aching,
skin pigmentation in eyelid, nipples, chest and axilla; skin oedema, garlic odour of breath
and perspiration; excessive salivation and sweating; generalized itching; sore throat;
numbness; liver enlargement and kidney dysfunction (Susheela, 1999). Health effects
from consuming arsenic-contaminated drinking-water are delaved. Skin lesions are
generally first, and appear after a minimum exposure of approximately 5 years (Fact
Sheet, 1999). Arsine gas is absorbed through the lungs and it combines with the globin
chain of hemoglobin in red blood cells. Signs and symptoms of toxicity include nausia,
vomiting, diarrhea, apprehension and malaise, tachycardia, and dyspnea.

Groups of arsenic compounds can be listed as follows in decreasing order of toxicity
(Penrose, 1974 cited in Drinking Water and Health):

Arsines > Arsenite (inorganic) > Arsenoxides > Arsenate > Pentavalent arsenicals >
Arsonium compounds > Metallic arsenic.

Human exposure to Arsenic sufficient to cause severe toxicosis usually occurs through
ingestion of contaminated food or drink. The trivalent arsenite species are found mostly in



anaerobic environments such as groundwater, as arsenic, a Class-A carcinogenic substance
is the most serious contaminant in drinking water. Epidemiological studies in areas where
drinking water contained 0.33-1.14 mg/L arsenic elevated nisks for cancer of the bladder,
kidney. skin, liver, lung, and colon in both men and women. The lethal dose of arsenic is
1-4 mg’kg of body weight. Whereas for children, as little as 2 mg/kg of body weight can
be lethal (Graef, 1993).

Occupational exposure to inorganic arsenic, especially in mining and copper smelting has
quite consistently been associated with an increased risk of cancer. An almost tenfold
increase in the incidence of lung cancer was found in workers most heavily exposed to
arsenic, and relatively clear dose-response relationships have been obtained with regard to
cumulative exposure.

Links have also been established between arsenic poisoning and malnutrition. Findings of
a recent survey conducted by the Dhaka Community Hospital Trust over 18 months has
revealed that most arsenic affected were malnourished poor people (Web-site®).

2.3 Exposure Pathways, Fate and Transport

The primary routes of potential human exposure to arsenic and certain arsenic compounds
are inhalation, ingestion, and dermal contact. NIOSH estimated that 1.5 million industrial
workers are potentially exposed to arsenic and its compounds during manufacturing and
processing operations. Because arsenic is a natural part of the environment, low level of
arsenic are present in soil, water, food, and air. Soil usually contains the most, with
average levels of about 5000 ppb. Levels in food are usually about 20 — 140 ppb and levels
in water are about 2 ppb (USPHS, 1993). Levels in air are usually 0.02-0.10 pg/m’.

In addition to the normal levels of arsenic in air, water, soil, and food one is exposed to
higher levels in several ways such as the following (USPHS, 1993):

* Some areas in the earth contain unusually high natural level of arsenic in rock,
and this can lead to unusually high levels of arsenic in soil or water. Some
hazardous waste sites contain high levels of arsenic. If the material is disposed
off. it can get into surrcunding air, water, and soil.

* A person working in an occupation that involves arsenic production or use (for
example, copper or lead smelting, wood treating, pesticide application) could
be exposed to above-average level of arsenic during the work, and

* Until recently several kinds of products used in the home (rat poison, ant
poison, weed killer, and some medicines) had arsenic in them.

Arsenic can enter the environment in several ways. Even though it does not evaporate,
arsenic can get into air as dust. This can happen when smelters heat ores containing
arsenic, when any material 1s burnt containing arsenic, or when wind blows soil that
contains arsenic into the air. Once in the air, the arsenic particles travel with the wind for a
while, and then settle back to the ground. Most arsenic compounds dissolve in water and
then gets into lakes, rivers, and underground water by dissolving in rain or smow, or
through the discharge of industrial wastes. Some of the arsenic sticks to the sediment on
the bottom of the lake and rivers and some will be carried along by the water. Arsenic is
not broken down or destroyed in the environment. However, it can change from one form
to another by natural chemical reactions and also by the action of bacteria that live in soil




and water. Although some fish or shellfish build up arsenic in their tissues, most of this is
in non-toxic form.

Two main theories — Pyrite Oxidation and Oxyhydroxide Reduction have been regarded as
source to contamination of groundwater with arsenic (Fact Sheet, 1999). In the first. as a
response 0 pumping, air or water with dissolved oxygen penetrates into the ground,
leading 1o decomposition of the sulfide minerals and release of arsenic. In the latter case.
arsenic is naturally transported and adsorbed onto fine-grained iron or manganese
oxyhvdroxides that slowly break down. The second theory has been accepted as the most
likely explanation of this phenomenon. Further, it has been believed that the large-scale
withdrawal of groundwater causes fluctuation of the water-table and regular intake of
oxvgen within the pore space of the sediments and this inflow breaks down sulfides in the
arsinic-laden pyrite rock through oxidization and releases arsenic into the water (Web-
site’).

Both natural and anthropogenic sources cause arsenic get into the water-bodies. Leaching
of dissolved arsenic from arsenic-rich soil to the ground is a major source of groundwater
pollution. Mostly surface waters and in some cases groundwater too are contaminated by
arsenic through anthropogenic nature. Use of arsenic-laden pesticides, smelting non-
ferrous metal ores particularly copper, thermal electric power plant, super phosphate
fertilizer made by treatment of phosphorite with sulfuric acid are the main pollutants of
surface waters with arsenic.

2.4 Metabolism

Arsenic is radio-opaque and is-seen on x-ray of the abdomen. It is also detected on hair
and nails for months following exposure. Arsenic is absorbed through the skin, lungs, and
gastrointestinal tract. Inorganic (trivalent) compounds are absorbed more readily than
organic (pentavalent) forms, with greater than 80 % of an ingested dose absorbed by the
gastrointestinal tract (Graef, 1995). Arsenic is distributed from blood to liver, kidney,
lungs. spleen, and intestines within 24 hours of ingestion and to skin, hair, and bones
within 2 weeks. Inorganic arsenic does not cross the blood-brain barrier but does cross the
placenta. Between 5 to 10 % of arsenic is excreted in feces, and 90 to 95 % is excreted in
urine.

2.5 Global Scenario of Arsenic Problem

Arsenic contamination of drinking water has been reported from Asia and many other
parts of the world. Besides [ndia and Bangladesh, water sources from Andes mountain in
Chile. community water supplies in western part of USA, drinking water supply in
Cordoba province of Argentina, and southwest coast of Taiwan have provided globallyv the
evidence of poisoning effects of arsenic in human health. The presence of arsenic in
drinking water has also been reported from Japan, Latin America, Hungary, Greece.
Russia, Mexico, Thailand, China, the Philippines, and Inner Mongolia (WHO, 1997;
Drinking Water and Health, 1977).

2.6 Standards and Guideline Values for Arsenic in Drinking Water

Reports have shown that there is a wide variation in guideline values set for arsenic in

different countries. In 1993, the World Health Organization (WHO) had established 0.01



mg/L as a provisional guideline value for arsenic in drinking water revising it downward
from an earlier value of 0.05 mg/L. Many countries have either kept this as the national
standard or as an intenim target before tackling populations exposed to lower but still
significant concentrations in the 0.01-0.05 mg/L range. This latest edition of the guideline
value developed by WHO is provisional because of the lack of suitable testing methods
(Fact Sheet, 1999).

The WHO guideline value for arsenic of 0.01 mg/L is an upper-bound estimate of excess
skin cancer risk of roughly 6 additional skin cancer cases per 10,000 population from
consumption, over a lifetime of 70 years, of 2 liters of water per day containing 0.01 mg/L
of arsenic (ITN, 1996). Similarly, consideration of the new risks at the maximum
contaminant level of 0.05 mg/L arsenic suggests a lifetime risk of dying from arsenic
induced cancers as high as 13/1,000 people at 1 L/day (Smith, 1992 in Edwards, 1994).

Table 2.1 shows acceptable limits of arsenic in drinking water established by some of the
countries and regulatory bodies:

Table 2.1: Acceprable Limit for Arsenic in Drinking water

Country / Maximum Acceptable Remarks
Agency Concentration (MAC, mg/L)
USA 0.05 Considering downward revision to 2-20 ug/L
USEPA 0.01
Canada 0.025 Interim
EEC 0.05
*'Great Britain 0.05
Germany 0.01 Lowered from 0.04 mg/L in 1996
Russia i 0.05
Japan 0.01 Lowered from 0.05 mg/L in 1992
Taiwan 0.05
China 0.05
[ndia 0.05
Bangladesh 0.05
WHO 0.01 Provisional guideline value

Source: Savre, I. M., Internarional Standards for Drinking Water, Journal AWWA 80, 53-60.1988: Edwards,
1994 ITN, [996

2.7 Testing for Arsenic
2.7.1 Laboratory Testing

The analysis for arsenic requires determination of total As’™ and As’”. Traditionally,
measuring arsenic in drinking water requires laboratory analysis through
spectrophotometric measurement using silver diethyldithiocarbamate (SDDC) or using
atomic absorption spectrophotometers (AAS) with special facilities and trained staff. The
latter method has an absolute detection limit of 10 ng, which for a 20-mIL sample, provides
a solution detection limit of 0.5 pg/L-a hundred times less than the higher-ever drinking
water standard - 50 pug/LL (Drinking water and Health, 1977). The method applies to both
inorganic and organic arsenic. The SDDC method involving generation of arsine, colour
development with SDDC and measuring the colour spectrophotometrically, still remains
the choice in most of the public health laboratories.



In the SDDC method, the inorganic arsenic is reduced to arsine by zinc in acid solution in
an arsine generator. The arsine is then passed through a scrubber containing glass wool
impregnated with lead acetate solution and into an absorber tube containing SDDC
dissolved in pyridine. In the absorber, arsenic reacts with the silver salt forming a soluble
red complex which is measured spectrophotometrically (Pande and Hasan, 1978). Pande
(1980) reports further improvement of this method by using morpholine as a substitute for
pyridine. Since pyridine has a characteristic pungent and nauseating odour and is often
objectionable to the analyst and his or her associates morpholine can also be used instead
of pvridine for preparing the SDDC reagent, which is less expensive, and without pungent
odour. The limit of detection thus is up to 0.002 ppm.

Some of the available AAS methods for arsenic detection are:

I. AAS (Continuous Hydride Generation): This is a standard and a reliable method for
arsenic analysis in water at the ppb concentration levels approved by US EPA. An
MDL as low as 0.002 mg/L can be obtained in this method.

2. AAS (Graphite Furnace with Background Corrector): This method, also approved by
US EPA is good for arsenic analysis at ppb level. This method is regarded even better
than AAS-hydride generation as no chemicals and sample pretreatment are needed.

Apart from the ones mentioned above, Electro-chemical method, Visible
Spectrophotometry, Total Reflection X-ray Fluorescence system, Instrumental Neutron
Activation Analysis, Proton Induced X-ray Emission, and HG-Inductively Coupled
Plasma methods are also used in detecting arsenic in water samples.

- 2.7.2 Field Testing

Various field-kits have also been developed for finding out approximate information and
rapid assessment of the problem of arsenic in field thus narrowing areas for actual
laboratory testing. Khaliquzzaman et al. (1999) report that field kits used in Bangladesh
consist of a crude hydride generation system using SnCly, KI, Zn dust and HCl. The
reagents are added to the water in a tube and the arsine gas produced changes the colour of
the Mercury Bromide (HgBr,) indicator paper.

NEERI together with WHO has made assessment of some field kits (NEERI/WHO, 1998).
In this connection, five different kits developed by different institutions currently being
used in this field namely AAN (Japan), E-Merck (Germany), Aqua (India), NIPSOM
(modified AAN Japan), and AIIHPH (modified version) had been assessed.

Brief description of the kits follows hereunder:

AAN Kit: it is compact, made of durable material and is of light weight. The lowest
detection limit of arsemic with this kit is 0.02 mg/L. the kit has no provision for
elimination of sulfide interference in the estimation of arsenic.

E-Merck Kit: it is also compact, made of durable materials and is of light-weight. The
lowest detection limit is 0.10 mg/L of arsenic and this can be further reduced to 0.05 mg/L
by doubling the volume of test samples and the quantity of reagents. The kit has no
provision for elimination of sulfide interference.




Agqua Kit: it is relatively bulky and heavier and is meant for detection of arsenic
concentration equal to or more than 0.05 mg/L. This kit has provision for elimination of
interference due to sulfide, if any.

NIPSOM Kit: is a modified version of AAN (Japan) kit with the components made locally
in Bangladesh. The detection range is between 0.02-0,7 mg/L. The kit has no provision for
elimination of interference due to sulfide. The kit enables completion of the test in about 5
minutes, the lowest among the kits.

AITHPH Kit: it is bit bulky and is capable of detecting arsenic in concentrations equal to or
more than 0.05 mg/L. The kit has provision for elimination of interference due to sulfide.

Recently, NEERI itself has also developed a field-kit for arsenic determination. The kit
can detect arsenic in the range of 0.01 mg/L to 1.0 mg/L. The kit, however, has low
precision and accuracy at arsenic level < 20 ppb, but for levels > 50 ppb the kit is precise
and accurate. As reported during a visit to NEERI, the prototype model of the kit is ready
for commercialisation and the cost would be around USD 75.00.



3.0 Arsenic Contamination of Groundwater in Neighboring Countries

Unforunately, one of the large-scale arsenic toxicities is found in neighboring West
Bengal State of India and Bangladesh. This Study attempts to discuss some of the key
issues related to arsenic contamination of groundwater in those areas keeping in mind that
it would be helpful for policy makers and future researchers in addressing the problems
associated with this toxic contaminant.

3.1 Arsenic Contamination of Groundwater in India

Based on a study undertaken by several agencies notably AIIPH (Calcutta), STM
(Calcutta), PHED (GWB), and etc., the Ganga-Brahmaputra delta having a near surface
succession of quaternary sediments of varying thickness are found to be the arsenic
affected area (AIIHPH, 1997). The arseniferous belt lies entirely within the Upper delta
plain characterised by a series of meander belts formed by rivers.

3.1.1 Extent and magnitude of the Problem

There is no consensus on the extent and magnitude of the problem and the number of
people affected. However, water quality analysis carried out by different agencies upto
1995 indicated that a total of 61 blocks in Malda, Mursidabad, Nadia, North 24-Parganas,
South 24-Parganas, Burdwan, Howrah, and Hooghly districts are affected with arsenic
contamination in groundwater. Current estimates suggest that out of four million people
living in the affected areas at least 800,000 might be potentially exposed. A preliminary
estimate suggests that 15,000 of them may be already having typical arsenicosis
symptoms. The problem of arsenical dermatosis from tubewell water was first discovered
clinically by Dr. K. C. Saha, Retired Professor of Dermatology, School of Tropical
Medicine, Calcutta i 1983.

Of the various agencies studying the arsenic contamination phenomenon in West Bengal,
one survey conducted by SOES, Jadavpur University reports that nearly 200,000 people
were suffering from arsenic-related skin ailments suspecting this number to increase as
more and more areas are probed (Sunday, 1995).

In West Bengal, studies conducted till the beginning of 1998 reveal that 68 blocks in eight
districts have arsenic contaminated tubewells.

3.1.2 Probable Causes of Contamination

Many studies have been conducted to determine the actual cause of arsenic contamination
of groundwater in this area. The actual cause of arsenic pollution is believed to be natural
rather than man-made. Mandal (1998), on the basis of available literature study and bore-
hole sediment analysis, reports that the reason of arsenic in groundwater of West Bengal is
due to heavy groundwater withdrawal. Aerating the aquifer, the oxygen decomposed the
pyrite (FeS,) rich in arsenic and the acid released leached out the arsenic in soluble form
in groundwater.



Given that arsenic was already there in the sediments why did it start appearing in harmful
quantities in the groundwater, now? Mallick and Rajagopal (1995) are also of the similar
view that the aerobic zone has increased with increased supply of oxygen and is in contact
with the said sediment layers. The cause of this increased supply of oxygen again may be
due to the development of heavy duty tubewells causing extension of vadose zones, that is
unsaturated air-water mixed zones, during pumping, thereby supplying more oxygen and
dissolved air, naturally with oxygen as an important constituent, to the groundwater.

Resulting arsenic contamination of groundwater with enhanced aerobic condition with
more dissolved oxygen is shown in Figure 3.1.

Tubewell

level fluctuation

Pumping
> __.\"‘-\\
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- VZ due to annual water Wi A
1
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Y
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Enhanced Aerobic
Leaky Aquiclude conditu.)n with
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Arseno-Pyrite layer
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Fig 3.1 derobic condition in groundwarer around a heavy duty tubewell in eastern part of West Bengal
(Source: After SOES)

3.2 Arsenic Contamination of Groundwater in Bangladesh

The contamination of groundwater by arsenic in Bangladesh was first discovered by the
Department of Public Health Engineering (DPHE) at Chapai Nawabganj in late 1993

following reports of extensive contamination of water supplies in the adjoining areas of
India.

Based on a study conducted by the British Geological Survey in 1999, there is clearly a
very serious problem of arsenic in groundwater in much of southern and eastern
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Bangladesh (BGS, 1999). In terms of the population exposed it is the most serious
groundwater arsenic problem in the world.

3.2.1 Extent and magnitude of the Problem

As of the survey report of arsenic affected districts, up to February 1997, about 79 villages
of 25 districts were affected and about 16 million population is at risk (Khan, 1997). Till
March 1997, out of 1487 samples tested from 37 districts 477 samples have shown
concentrations above 0.05 mg/L, and 243 samples were in the range of 0.01-0.05 mgL
(Quadiruzzaman, 1997).

3.2.2 Probable Causes of Contamination

Based on the study conducted by the British Geological Survey, the groundwater arsenic
problem in Bangladesh is because of an unfortunate combination of three factors- source
of arsenic in aquifer sediments, mobilisation- arsenic being released from the sediments to
the groundwater through oxyhydroxide reduction, and transport of arsenic within the
aquifers.
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4.0 The Study Area

4.1 Jhhapa District
4.1.1 General Information

Jhhapa district lies in Mechi zone of the Eastern Development Region of Nepal. It shares
its borders with Morang district to the west, [lam to the north, Bihar state if India to south,
and West Bengal state of India to the east. Jhhapa is located between 26° 20" to 26” 50’
north latitude and 87° 39" to 88° 12' east longitude. There are 47 village development
committees and 3 municipalities in this district. The district headquarter is Bhadrapur.
Elevation in this district ranges from 64 meters to 380 meters above mean sea level
(DWSO, 1997a). As of the 1991 census, total population of the district is 593,737.
Approximate area of the district is 1606 square kilometers.

4.1.2 Topography and Geology

Nine VDCs of this district- Bahundangi, Shantinagar, Budhabare, Khudunaban,
Satasidham, Dharampur, Topgachhi, Lakhanpur, and part of Damak municipality lie in the
Terai adjacent to the hilly area of the district. They are generally terraced with flat to
medium slopes. Other remaining VDCs lie in the Terai plane and constitute the northern
part of the Indo-Gangetic basin that extends from the foot of Churia range to the Indian
border. The soil in the hilly area is mainly ordinary gravel, mixed and coarser deposits like
boulder, cobble, and gravel exist in the northem part. The terai plain is composed of
alluvial deposits of pleistocene to recent in age. The area in the foothill is covered with
forest. Most of the part in this district is flat and has gentle slope towards south. The
average north-south width is 29 kilometers and length (east-west) is 46 kilometers. Main
vegetation in this district is sal, sisaun, champ, teak, chilaune, and etc.

Major perennial rivers of the district are Mechi, Teemai, Ninda, Biring, Kankai, Ratuwa,
and Mawa. Rivers of this district together with their origin, destination, and use are shown

in the following Table 4.1.

Table 4.1: Major Rivers- Jhhapa District

River Origin Destination Use

Kankai North of [lam To India through Mahavara VDC [rrigation

Mechi Sighalila Hills To India through east of Kechana VDC Irmigation

Birng North of [lam To India through east of Kumarkhod VDC Irrigation and WS
Ramwa Milkul Hills To India through west of Khajurgachhi VDC  Irrigation

Mawa Churna of Jhhapa  Meets with Ratuwa in south of Damak Irrigation

Hadia - - Irrigation
NindaTeemai - - Irrigation and WS
Anduwa - - Irrigation
Devaniya - - Irrigation

Satast - - Imrigation and WS
Jhharna - : - Irrigation and WS
Kamal - - Irrigation

Source: District Profile. DWSO- Jhiapa
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4.1.3 Climare

The climate is basically sub-tropical type where pre-monsoon and gost-—monsoon climate is
prevalent. The average temperature fluctuation is between 10 "'C to 35 C. The area
receives about 80 percent of rainfall during monsoon and pre-monsoon (June-September)
and rest duning winter. As per the meteorological data recorded in Bhadrapur station the
range of annual precipitation is from 930 mm to 2290 mm.

4. 1.4 General Health Status

Public health is generally characterized by poor nutrition, lack of safe drinking water and
sanitation, and low level of awareness. Total number of patients in the district is recorded
to be 110,488 for the FY 98/99. Major disease prevailing in the district is skin disease. Top
five diseases as reported by DPHO- Jhhapa for the FY 98/99 is shown in Table 4.2 and
they are basically concentrated in the southemn part of the district.

Table 4.2: Top-5 Diseases in Jhhapa

S Diseases No. Reported S. Diseases No.

No. No. Reported
B Skin Disease 12709 4. ARI 3026

% Diarrheal 5423 3. Pyrexia of unknown origin 2820

3 Intestinal Worms 3057

Source: DPHO, Jhhapa

At present, there are altogether 49 government-managed health institutions in the district
and they consist of 1 zonal hospital, 8§ health service centers, some health posts and 1
homeopathic dispensary. In private sector, there is 1 nursing home, 1 technical institute,
and number of health clinics. These institutions are supposed to provide both preventive as
well as curative services to the general public.

4.2 Morang District
4.2.1 General Information

Morang district lies in Koshi Zone of the Eastern Development Region of Nepal. This
district lies between 26° to 26” 53' north latitude and 87° 6' to 87° 42' east longitude. This
district has 65 village development committees and one municipality (Biratnagar). Eight
of the VDCs lie in hill, three in inner terai, and the remaining fifty-four lie in terai plains.
Biratnagar is also known to be the largest industrial estate in the country. The district
stretches from hills on northern side to plain terai on south. This district is bordered in
north by Dhankuta and Panchthar districts, in east by Jhhapa district, to south by the Bihar
State of India, and to the west by Sunsari district. Approximate north-south distance is
about 54 kilometers and east-west about 46 kilometers. The district ranges between 150
meters to 2440 meters above mean sea level. As of the 1991 census, total population of the
district is 674,823. Approximate area of the district is 1855 square kilometers.
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4.2.2 Topography and Geology

Mahabharat range lies in north, Bhabar in inner hills, and plain terai in south. Shale.
sandstone. limestone, and metamorphic rocks are the common rocks in the hills of
Morang. The Bhabar zone is 8 to 12 kilometers in width and mainly consists of sand and
boulders. The land coverage of this district is as follows: 54.7 % by agricultural area,
11.46 % by forest, 4.15 % by pasture, 3.1 % is barren, and the remaining 26.6 % is
covered by rivers, banks, road and canals.

Major perennial rivers of this district are as follows:

Raruwa- This river originates at north-east part of Mahabharat range and later flows as a
border for Morang and Jhhapa district and finally enters to India.

Bakraha- This river originates from Mikunji hills and later flows tc south.

Lohandra- After mixing with other rivers namely Chisang, Muwa, and Ratuwa this river
again gets branched into many smaller ones mainly Chisang and Lohandra.

Singiva- This river originates in Singadevi Sombare VDC at the north west border of the
district and flows towards south.

Budhi- This river originates from north west location of Mahabharat range. From Morang.
this river enters into Sunsari district and later flows to India.

Besides, Khar Khola, Mawa, Teli, Chancha, Lawa Khola, and Khedam are also rivers of
importance in this distnct.

About 80 % of the district area is plain terai. Groundwater exploitation both at shallow and
deep depth is more common in this area. As sub-surface formation is composed of soft soil
and sand, tube wells both at shallow and deep depths are more used. As big mver and
kholsas with extended width are flowing here groundwater is naturally recharged in a
continuous manner thus facilitating availability of groundwater at shallow depths. Mainly.
high concentration of iron is a water quality problem in this area. In inner hills, where
water table is deep and the sub-surface formations are usually rocky, dug wells are more
commonly used for both irrigation and drinking purposes (DWSO, 1997b).

4.2.3 Climate

Climate of this district is varying type, from sub-tropical to temperate. Average maximum
and minimum temperature of the district varies from 30.6 0C to 14.2 °C. Annual average
rainfall as recorded in Biratnagar station is about 1312.8 mm. Most of the rainfall occurs
during the summer monsoon season. Winter temperatures are mild.

4.2.4 General Health Status

There is a good health service infrastructure in this district. Apart from health posts and
sub-health posts in villages quite a few nursing homes and private medical dispensaries are

15



also available there. Koshi Zonal Hospital which has an wide array of services and
facilities is also located in Biratnagar.

Although no concrete data have been available regarding the number of patients suffering
from different diseases, skin diseases and gastro-intestinal diseases are reported to be more
frequent. Because of open border to the south many of the people from bordering VDCs
are found visiting the medical facilities situated in the adjacent Indian towns across the
border.

4.3 Sunsari District
4.3.1 General Information

Sunsari district also lies in Koshi zone of the Eastern Development Region of Nepal. It is
located between 26° 23 to 26° 55" north latitude and 87° 5' to 87° 16' east longitude. As of
the 1991 census, total population of the district is 463,481. Approximate area of the
district is 1257 square kilometers. The district ranges in elevation between 152 to 914
meters above the mean sea level. There are 49 village development committees and 3
municipalities (Ineruwa, Dharan, and Itahari) in this district. Barahachherra,
Bishnupaduka, and Panchakanya VDCs lie adjacent to the hilly and Bhavar region.

4.3.2 Topography and Geology

Basically, there are three different regions topographically- northern hilly region, Bhavar
in mid-land, and southern plain. Bhavar area mainly consists of sand, gravel, and boulders.
Southern plain is mainly formed of soft soil and alluvial fertile sediments. Shale, sandy
clay, lime, slate stone and other rocks are more common in the hills.

Main River of this district is Saptakoshi. Saptakoshi is the largest river of Nepal and is a
mix of the large perennial rivers such as Arun, Sunkoshi. Tamakoshi, Likhu, Indrabati,
Tamor, and Dudhkoshi. Besides, other rivers of importance in the district are Budhi khola,
Pikhuwa khola, Sarada khola, Tengraha, and Sewati (DDC. 1995).

4.3.3 Climare

Climate of this district is also not very different from that of Morang. Average maximum
and minimum temperature of the district varies with the trend presented for Morang
earlier. As there is no meteorological station in this district, most of the meteorological
data have to be taken as that for Morang. Most of the rainfall occurs during the summer
monsoon season and winter temperatures are mild.

4.3.4 General Health Status

Although no concrete data have been available regarding the number of patients suffering
from different diseases, skin diseases and gastro-intestinal diseases are reported to be more
frequent. Because of open border to the south many of the people from bordering VDCs
are found visiting the medical facilities situated in the adjacent Indian towns across the
border.
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There is a good network of health posts and sub-health posts in villages. Furthermore,
there is also one district hospital and various private dispensaries functioning in the district
headquarter.

4.4 Groundwater Dependency and Coverage
4.4.1 Dependency

As these districts lie in terai, a large portion of the population depends on the use of .
groundwater for the drinking purpose. Information related to the dependency of population
for groundwater use in Jhhapa, Morang, and Sunsari districts based on 1991-population

census is compiled in Table 4.3.

Table 4.3: Population Dependency on Groundwater

Districts Total Population  Population Dependent on Percentage of Population
Groundwater Dependent on Groundwater

Jhhapa 593,737 358,237 94 %

Morang 674,823 606,565 90 %

Sunsari 463,481 441,806 95 %

Source: CB5. [991: CBS. 1994: Respective DW50s

Population projection for groundwater use taking 1998 as Base Year is shown in Table
44

Table 4.4: Population Projection for Groundwater Dependency
Toral Population Population Total Projected - Total Projected Population

Districts as per 1991 Growth Rate  Population for =~ Dependent on Groundwater
Census per annum 1998 for 1998

Jhhapa 593,737 213 % 688,125 646,982

Morang 674,823 233% 792,886 712,686

Sunsart 463,481 2.96 % 568,475 541,850

4.4.2 Coverage

Apart from the DWSOs as lead sectoral agency in implementing water and sanitation
projects in these districts a large number of other actors are also found involved in

providing drinking water tubewells. DDCs, VDCs, Red Cross, and others are some of
those agencies that are involved in this field.

Besides, there are still other sources of support and funding, details for which is hard to
find. Furthermore, few users have also installed their own private tubewells. As such. hand
pump coverage for Jhhapa, Morang, and Sunsar districts under support from DWSOs
geuing assistance also from UNICEF and ADB are listed in Tables 4.5, 4.6, and 4.7
respectively.
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Table 4.5: Inventory of Tube Wells for Jhhapa District

S Location Toral S Location Toral
Nao. (VDC / Municipality) No. No. (VDC / Municipality) No.
1. Kechana 78 27. Rajgadh 219
0.7 Baniyani 132 28. Chakchaki 275
L7 | Pathamari 87 29. Ghailadubba 117
4. Prithvinagar 19 30. Dangibari 47
5. Pathariya 191 31. Charpane 51
6. | Balubari 98 32. Tangandubba 128
7 Jalthal 141 33 Surunga 78
8. Goldhap Ll 34. Saranamati 161
% Bhadrapur NP 108 35 - Kumarkhod 154
10. Haldibar 37 36. Dharampur 167
k. Maheshpur 938 37 Satasidham 207
12. Anarmani - 38. Shivganj 195
3. Garamuni 45 |39 Panchgachhi 97
14. Sanischare - 40. Mahabhara 86
15. Agundhara - 41 Baigundhara 33
16. Shantinagar 11 42. Topgachhi 30
7. Budhabare - 43 Korobari 95
18. Khudunabari - 44, Kohabara 174
19. Dhulabari 29 45, Gaurigan] 45
2 Dhaijan 113 46. Khajurgachhi 105
21. Duwagadhi 77 47, Maharanijhoda 150
22 Chandragadhi 12 48. Jurapani 48
23 Bahundangi 5 49, Gauradaha 38
24, Jyamirgadhi 111 50, Lakhanpur 192
25, Kakarvitta 46 51. Damak NP 7
26. | Gherabari 94 Tortal 4752




Table 4.6: Inventory of Tube Wells for Morang District

S. Location Tortal 5. Location Toral
No. (VDC / Municipality) No. No. (VDC / Municipality) No.
> Belbani 228 23. Jhhorahat 3 |
2 Bayerban 4 24. Sijuwa 104 |
3 Mirgauliya 1 Z5. Mahadeva 38
4. Darbesha 4 26. Takuwa 19
S Hoklabari 128 27. Mirgauliya | i
6. Banigama 15 28. Bayerban | 90
7 Kaseni 15 29, Motipur 76
8. Dangraha & 30. Jhhurkia | 130
9, Amardaha 80 3L Sorabhag 135
10. Hasandaha 1 3L Bahuni 206
Tk 'Haraicha 15 23 Dulari 21
12, Sundarpur 15 34. Bhalaha 129
13. Majhare 129 35 Tankisinuwari 129
14. Sanischare 15 36. Siswani Badahara 7
15. | Jhhorahat 7 37 Tthara 139
16. Banigama 7 38. Bardanga | 141
17. Amahibariyan 100 39. Dagihaat K
18. Kadmaha 12 40. Indrapur 220
19. Babiyabirta 102 41. Kaseni 137
20. Dadarbairiya 13 42. Keraun 236
21. Budhhanagar 91 43, Lakhantari | 84
22 Bainathpur 36 Total | 3402
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Table 4.7: [nventory of Tube Wells for Sunsari District

3: . Locanon Total & Location Toral

No. | (VDC/ Municipality) No. No. (VDC / Municipality) No.

ki | Amaduwa 7 24, Amahibelaha 2|

2, | Sahebganj 36 25, Bhadgaun Sinwari 9 |
|3 | Sripurjabdi 58 26. Kaptangan] B0 1

4. | Pakali 61 27 Jalpapur 100 |

5, Basantpur 69 28. Rajganj Sinuwari 137

6. Akambha T 29, Dumraha 247

i | Narsingh 116 30. Satterjhhoda 134

3. | Madheli 87 31 Madhuban 129

9. | Madhe Harsahi 87 32 Chandbela 90

10. Rajganj Belgachhiya 63 33, Gautampur 60

1L Devanganj 74 34, Bharaul 39

12. Bokraha 195 335, Baklauri 54

13. Aurawani 122 36. Chimri 59

14. Prakashpur 202 37. Madhesa 1

13. Hannagar 104 38. Paschim Kusaha 81

16. Lauki 49 39, Mahendranagar 83

17. | Ghuski 143 40. Hansposa 84

18. | Ramnagar Bhutaha 133 41. Duhabi g0 |

19. | Sonapur 92 42, Haripur 38
[20 | Chhitaha 118 43, Khanar 58
1 21. | Madhesa 90 44, Tanmuna 50 |
{22. | Babiya 52 45. Singhiya 131 |
{23, | Purba Kusaha 111 46. Simariya 64
| Total 42535

Inventory of deep well pumping schemes under operation through DWSS and NWSC,
shallow tube wells, deep-set tubewells, and dug wells functioning in the districts as per the
data obtained for the end of FY 1997/98 is presented in Table 4.8.

Table 4.8 Inventory of Wells under Operation

Districts Deep-well pumping Shallow and Dug-wells
schemes Deepset Tube-wells

Jhhapa 7 4752 160

Morang 4 3402 NA

Sunsari 3 4255 5

Source: DWSS. DWSOs

Coverage of population dependent on groundwater with completed water supply schemes
(groundwater) till the end of FY 1997/98 is shown in Table 4.9. This coverage basically
incorporates various projects (deep well pumping, shallow tube wells, deep-set tubewells,
and dug wells) completed in districts through DWSS and NWSC. Table 4.9, however,
does not include schemes completed privately by the users and by other agencies done in a

sporadic manner.
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Table 4.9: Coverage of Population Dependent on Groundwater

Districts Population Dependent on Coverage till end of FY 1997/98
Groundwater as of 1998 (%)

Jhhapa 646,982 348,190 (54 %)

Morang 712,686 251,778 (35 %)

Sunsari 541,890 405,667 (75 %)

4.5 Site Selection for Sample-Testing

Based on feedback, suggestions, recommendations from the Steering Committee, opinion
of experts from India and Bangladesh, and the scope of testing as agreed in the terms of
reference, about hundred samples in each of the districts had to be tested for determination
of arsenic. Selection of these representative samples from a bunch of twelve thousand-plus
numbers of tube wells is definitely a colossal task. Following considerations were given in
determining the sample selection sites:

1. From shallow tube wells located in the bordering areas of Village Development
Committees along Nepal-India border of all three districts;

2. From shallow tube wells located in and around the main settlement and bazaar arca
along the East-West Highway and the foot-hill areas;

3. Samples would be examined of all the deep tube wells commissioned in these
districts. These tube wells although less in number serve a large number of
population in urban and bazaar areas; and

4. In addition to the above-mentioned criteria (1-3), few sample tests would be
conducted for shallow tube wells along the submerged / flooded area relatively of
longer duration eastward from River Koshi in Sunsan district.

In this basis, the locations identified are shown in Table 4.10.

Table 4.10: Site-selection for Sample Tesis

District | Criteria VDCs / Locations
Jhhapa | Borderning VDCs Jyamirgadhi, Maheshpur, Bhadrapur, Prithvinagar, Pathaman, |
Kechana, Gherabari, saranamati, Mahavara, Kumarkhop,
Tanganduwa, Korabari, Gauriganj, Khajurgachhi
East-West Highway and Kakarvitta, Dhulabar, Charali, Birtamode, Surunga, Damak,
| Foot-hill area Jhiljhile, Kerkha, Dudhe, Sanischare, Durgapur
Deep tube wells Kakarvitta, Birtamode, Sanischare, Damak, Bhadrapur,
_ Chandragadhi, Prithvinagar
Morang | Bordering VDCs Mahadeva, Jhhurkia, Bardanga, Dainiya. Aamgachhi,
Rangeli, Sorabhag, Amahibariyati, Nocha. Pokhariya.
Majhare, Bhatigachh, Buddhanagar, Rani
East-West Highway and Urlabari, Pathari, Kanepokhari, Laxmimarg, Belbar1.
Foot-hill area Indrapur, Salakpur, Sundarpur
Deep tube wells Pathari, Biratnagar, Rangeli
Sunsan | Bordering VDCs Amaduwa, Sahebganj, Kaptanganj, Bhutaha, Basantpur,
Ghuski, Narsingh, Lauki, Sripurjabdi, Haripur
East-West Highway and [tahar, Pakali, Tarara, Inerwa, Kusaha, Bhantaban, Jhhumka,
Foot-hill area Madhesa, Bakraha
Deep tube wells Ineruwa, [tahari, Duhabi
Submerged or flooded area Bhantabari, Haripur, Sripur
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5.0 Result and Findings

In accordance with the site selection criteria for sample testing as mentioned in Section 4.0
of this report, the Study Team collected a total of 92 samples from Jhhapa, 90 from
Morang, and 86 number of samples from Sunsari district. Details of the sampled sites and
map of the area are shown in Appendices. Before collecting the water samples from the
wells, a preliminary assessment was conducted with the aid of NIPSOM field kit for
Thhapa and Morang, and E-Merck kit for Sunsari district. Samples that showed positive for
the field-kit tests were taken for detailed laboratory examination. Moreover, samples from
the nearby wells from the one that showed positive in the test were also taken for
examination. Details of samples that showed positive for the field test for arsenic are also
discussed in this section. Samples were tested in Kathmandu in the NESS laboratory using
SDDC spectrophotometry method.

The WHO guideline value for arsenic in drinking water is 0.01 mg/L. So far, no national
standard for arsenic has been formulated for Nepal. Both India and Bangladesh have
established maximum allowable concentration for arsenic in drinking water to be 0.05
mg/L.

5.1 Jhhapa District

3.1.1 Contamination Scenario

Based on the laboratory report, out of a total 92 samples tested in the laboratory arsenic in
a range of concentration > 0.005 mg/L was detected in 6 different samples. The details of
the arsenic detected wells are shown in Table 5.1.

Table 5.1 Arsenic detected wells- Jhhapa district

Sample  Concentration  Location Well Type  Age of Well ApDrox.
No, mg/L years Depth, ft.
J-3 0.012 Kechana-3, Kechana Kawal RP 10 24
J-9 0.009 Pathamari-4, Kamadbasti STW 8 10
J-64 0.027 Korobari-1, Tulachar STW 19 32
J-63 0.011 Korobari-1, Bhalikhop STW 11 70
J-67 0.01 Korobari-3, Krishnaghat STW 6 683
J-87 0.007 Topgachhi-4, Kerkha STW 3 33

RP- Rower Pump, STW- Shallow Tubewell

Out of the 6 samples that showed arsenic only three do have concentrations higher than the
limit set by WHO. Else, remaining three samples are less or equal to the WHO guideline
of 0.01 mg/L. Those results exceeding WHO guideline are still below India and
Bangladesh standard of 0.05 mg/L.

As regards to the depth of wells, it seems that the contamination zone does not follow a
particular trend. Depth of wells starting from 24 feet up to a depth of 70 feet shows
occurrence of arsenic. Nothing seems fairly correlated with the wells' age.

Analysis of the test samples showed that all 7 DTWs operating in the district are free from
arsenic contamination. Sample J-87 standing as exception, all the samples tested along the
Highway and foothill area are free from any contamination. Series of samples along the
VDCs in the Indian border are showing contamination. A matter of serious concern is that
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out of 4 samples tested for Korobari VDC 3 of them show contamination at various levels
and various depths.

3.1.2 Health Impact

During the field visit, this Team also collected information regarding any negative health
impact related to arsenic on villagers from consumption of water in the sampled area. Few
persons having symptoms similar to skin lesions and keratosis had been observed.
Anvway this case definitely needs further diagnosis and clinical observations for
verification. Details of the persons with such symptoms are shown in Appendix.

3.1 3 Correlation with Field-test

NTPSOM Field kit was used to ascertain the area for collection of samples for laboratory
examination. Whenever any cases or symptoms similar to ones related to arsenic were
reported, water samples were also collected from the wells that were being used by people
with such symptoms. The field kit showed 16 positive cases (concentrations larger or
cc ual to 0.02 mg/L) for arsenic in this district. Out of which only 3 samples (J-3, J-9, and

J-64) coincided with the laboratory tests. Samples J-7 and J-8 had behaved strongly
positive in field test. However, ncthing was detected in the laboratory.

5.2 Morang District
5 2.1 Contamination Scenario
Based on the laboratory report, out of a total of 90 samples tested in the laboratory, arsenic

in a range of concentration > 0.005 mg/L was detected in 11 different samples. The details
of the arsenic detected wells are shown in Table 5.2.

Table 5.2: Arsenic detected wells- Morang Disirict

Sample  Concentration Locanon Well Type  Age of Well Approx.

No. mg/L years Depth, ft.
M-14 0.011 Bardanga-9, Bardanga STW 5 90
M-21 0.017 Aamgachhi-9, Aamgachhi STW 7 60
M-28 0.042 DTW Rangeli DTW 6 300
M-32 0.02 Sorabhag-3, Karsiya West STW 3 60
M-34 0.05 Sorzbhag-4, Simraha STW 1 635
M-36 0.005 Sorzbhag—4, Simraha South STW 6 132
M-42 0.022 Nocha-1, Nocha STW 4 65
M-43 0.021 Nocha-3, Nocha STW 2 70
M-30 0.022 Pokhariva—t, Pokhariya STW 7 70
M-38 0.019 Bhatigachh-4, Jayarampur STW il 113
M-T78 0.0077 Kanepokhan-9, Kanepokhari 5TW 7 36

STW- Shallow Tubewell, DTW- Deep Tube H¥eil

Out of the 11 samples that showed arsenic, 9 samples do have concentrations higher than
the limit set by WHO. Else, remaining two samples are less or equal o the WHO
guideline of 0.01 mg/L. Those results exceeding WHO guideline have not exceeded India
and Bangladesh standard of 0.03 mg/L.

As regards to the depth of wells, it seems that the contamination zone basically lies below

60 fest from the ground level. However, well at a depth of 36 feet was found containing
some trace arsenic in sample M-78 located in highway foothill area. Nothing seems fairly
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correlated with the wells' age as it is varying from 1 to a maximum of 7 years.
Furthermore, also in this district, series of samples along the VDCs in the Indian border
are showing contamination. Dividing the depth matrix in 3 sections falling in range 0-50,
50-100, and 100-150 feet depth and taking DTW as an exception, the number of wells
contaminated can be better illustrated from the following chart.

Depth Vs. No. of Arsenic-traced Wells

Ma. of Wellz Contaminated

0-50 50-100 100-150

Depth Range, ft.

Highest concentration present in the aquifer with respect to varying depth range is seen in
the following chart. DTW is taken as exception in this case too.

Highest Concentration Vs. Depth Range

0.08
0.05
0.04
003
0.02
0.01

Concentration, mgdl

0-40 40-80 60-80 80-100 100-120 120-140
Depth Range, ft.

From the chart above, it seems that the highest concentration range appears in 60-80 feet

epth. Concentration of arsenic gradually rises up to 60 — 80 feet range and somehow
drops beyond that depth.

At this moment it seems little serious that out of 5 samples taken for laboratory
examination from Sorabhag VDC, 3 of them show traces of arsenic. Else, 2 of them have
significantly high concentration (0.20-0.50 mg/L) range. Similarly out of 5 samples taken
from Nocha VDC, 2 of them are found having concentrations at the range of 0.021-0.022
mg/L range. Furthermore, laboratory analysis has shown that sample from DTW Ranggeli
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(M-28) has a concentration of 0.042 mg/L of arsenic. Although the concentration is
somehow below India and Bangladesh limit, necessary action has to be taken immediately
for averting the future arsenic nisk.

5.2.2 Health Impact

During the field visit, this Team also collected information regarding any negative health
impact related to arsenic on villagers from consumption of water in the sampled area. As
the exposure duration is not long enough to create any significant manifestations, serious
impact could not be seen readily. However, few persons were found with symptoms
similar to arsenicosis. Anyway this case definitely needs further diagnosis and clinical
observations for verification. Details of the persons with such symptoms are shown in
Appendix.

5.2.3 Correlation with Field-test

NIPSOM Field kit was used to ascertain the area for collection of samples for laboratory
examination. Whenever any cases or symptoms similar to ones related to arsenmic were
reported, water samples were also collected from the wells that were being used by people
with such symptoms. The field kit showed 9 positive cases (concentrations larger or equal
to 0.02 mg/L) for arsenic in this district. Out of which only 4 samples (M-34, M-42, M-50,
and M-58) coincided with the laboratory result.

5.3 Sunsari District
5.3.1 Contamination Scenario e
Based on the laboratory report, out of a total of 86 samples tested in the laboratory, arsenic

in a range of concentration > 0.005 mg/L was detected in 16 different samples. The details
of the arsenic detected wells are shown in Table 5.3.

Table 5.3: Arsenic detected wells- Sunsart district

Sample  Concentmration  Location Well Type  Age of Well Approx.
No. mg/L years Depth, ft.
S-40 0.015 Narsingh-3, Narsingh STW 4 40
S-31 0.075 Sripurjabdi-4, Sripur STW 10 25
$-53 0.0063 Sripurjabdi-2, Sripur STW 10 16
5-55 0.027 Haripur-4, Yadavtole STW 5 45
S-56 0.019 Haripur-2, Haripur STW 3 20
S-37 0.011 Haripur-1, haripur STW 10 16
S-58 0.012 Haripur-8, Bhantabari STW 5 30
8-59 0.033 Haripur-8, Bhantabari STW 3 40
S-60 0.017 Haripur-6, Sadepa STW 8 40
S-61 0.005 Bhantabari STW 10 36
S-62 0.0057 Bhantabari, Driver Tole STW 1 15
S-63 0.026 Bhantabari, Southwest STW 3 20
S-65 0.0063 Sripur-8, Juddhaganj STW 18 16
S-66 0.012 Kusaha-9, Jamuwanahar STW 1 20
S-71 0.014 Bakraha-9, Chirauli North STW 5 25
S-82 0.023 Itahari-2, Sundarpur Line STW 14 36

STW- Shallow Tubewell
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Out of the 16 samples that showed arsenic, 12 samples do have concentrations higher than
the limit set by WHO. Else, the remaining four samples are less or equal to the WHO
guideline of 0.01 mg/L. Out of those results exceeding WHO guideline, two samples
have even excesded India and Bangladesh standard of 0.05 mg/L.

According to the Table above, all six samples collected in Haripur VDC are showing
varying concentrations of arsenic. This is the single VDC in the district for which all the
samples showed presence of arsenic in laboratory test. Yet, three more samples (S-61, S-
62. S-63) also from Haripur VDC in submerged and flooded area category showed traces
of arsenic contamination. All these test sites are very close to River Koshi. It seems that
serious attention has to be given to the water quality with regards to arsenic in this
particular beit.

One interesting fact here is that all the contaminated wells are within the depth of 45 feet.
In this area, because of the seepage from the River Koshi one can naturally get water in a
lower depth. As exception one sample (S-82) is found containing arsenic at a
concentration of 0.023 mg/L in remote Itahari area along the Highway line. Else, western
part of the district along the India border is now seen as the hot pocket for arsenic.
Nothing seems fairly correlated with the wells' age as it is varying from 1 to a maximum
of 18 vears. All 3 DTWs did not show in them any occurrence of arsenic.

5.3.2 Health Impact

During the field visit, this Team also collected information regarding any negative health
impact related to arsenic on villagers from consumption of water in the sampled area. As
the exposurs duration is not long enough to create any significant manifestations, serious
impact could not be seen readily. However, very few persons were found with symptoms
similar to arsenicosis. Anyway this case definitely needs further diagnosis and clinical
observations for verification. Details of the persons with such symptoms are shown in
Appendix.

3.3.3 Correlation with Field-test

E-Merck Field kit was used to ascertain the area for collection of samples for laboratory
examination. Whenever any cases or symptoms similar to ones related to arsenic were.
reporied. water samples were also collected from the wells that were being used by people
with such symptoms. The field kit showed 21 positive cases for arsenic in this district. Out
of which only 6 samples (S-40, S-58, S-59, S-63, $-66, and S-71) coincided with the
laboratory result.

5.4 Cross-comparison of Sample Test Result

Due to some unavoidable circumstances, it was possible to cross-check only 18 number
of samples with AAS-HG method. Comparison of results is shown in Table 5.4.

Table 5.4: Comparison of Result for some Selected Samples

Samples

Method

NP 550 55 G354 555 556 o857 S58 559 860 561 S0z 593 S84 S &6 &71 S82
S00C  ooa7T J.015 00063 ND 0,027 0.019 0011 0.012 0053 0.017 0.005 0.0057 0028 NO 0.0063 0012 0014 0.018

AAS.HG ND 0009 0003 ND 0026 0.028 0.008 0.011 0044 0018 D007 0008 0012 0004 0005 0012 NO 0018
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6.0 Conclusion and Recommendations

6.1 General Conclusion

Within the given time frame of six and half months for this study many of the important
aspects related to arsenic contamination of groundwater have been studied. Strength and
capacity of neighboring country-institutions in addressing this problem have also been
studied to some extent. Else, the situation of groundwater contamination with this
particular contaminant in the proposed study area (Jhhapa, Morang, and Sunsari districts)
has also been analysed and studied. Laboratory-test results for some of the tubewell water
samples showed varying degree of concentration of arsenic in the study area. Detailed
picture of the extent and magnitude of this situation can be seen only after the in-depth and
denser studies in the affected areas.

At this moment, it seems that there are some sporadically located relatively lower
concentration pockets of arsenic in Jhhapa and moderate concentration pockets in Morang.
In case of Sunsari district, arsenic contamination of groundwater seems localised in the
western part of the district very close to River Koshi.

The set objectives have been met in the following manner:

1. Findings of the neighboring country institutions regarding arsenic crisis in this
area (West Bengal of India and Bangladesh) have been reviewed;

2. Occurrence and concentration of arsenic sufficient to influence drinking water
quality in the study area have been determined;

3. Some cases of negative health effects from consumption of groundwater in the
study area have been identified; and

4. Based on findings of the study, some recommendations have been made too.

Some limitations of this study are:

1. This study is not sufficient to fully estimate probable risk, extent, and

magnitude of the problem for the study area;

This study was conducted during post-monsoon period. Hence, variation in

results in other seasons can't be ruled out; and

3. Without a detailed study, the situation of arsenic contamination can't be
generalised for areas other than the ones studied here currently.

!'\J

6.2 Recommendations
6.2.1 General Recommendations

Following recommendations have been made on the basis of experience gained from this
study:

1. To get a clear picture of arsenic contamination, area of the present study has to
be expanded;

Extent and magnitude of the problem together with probable risk has to be
estimated;

(%]
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Water quality monitoring has to be done systematically and periodically;

So as to avert risk of touching arsenic contaminated aquifers, guidelines have
to be established for STW installation in the affected areas;

Health effect has to be monitored in detail together with professionals from
Department of Health;

Work has to be started toward developing national drinking water quality
standard for safe concentration limit of arsenic; and

Some preventive measures have to be taken immediately for offsetting further
exposure of arsenic in tubewells that showed concentration = 0.05 mg/L.

6.2.2 Further Research

This study suggests further research in the following areas:

= W P o~

More detailed and denser studies have to be conducted;

Seasonal variation of arsenic has to be ascertained;

Soil and bore-hole sediment samples have to be tested for arsenic; and
Geo-chemical and hydro-geological phenomena have to be studied in detail for

ascertaining probable cause of presence of arsenic in groundwater aquifers in
Nepal.
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Appendix- 1

Map of the Study Area

Eastern Development Region
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Brief Description of the Eastern Development Region
[t is located in the extreme eastern part of Nepal. [t is the second most developed region. This region shares
abour 19 % of the toral area. and 23 % of the toral population of Nepal. ranking third and second positions

respectively. Dhankuta is the development centre of the region.

Elevarion in the region ranges from the minimum of 61 merres in the southern part of Saprari Districr o the
maximum of 8848 merres above sea level in the northern part of Solukhumbu District.

The narrow terai belr is economically the most developed area of tie region. Several snowy peaks and the
deepesr gorge of the Arun river are its attractive features (Nepal in Maps. [988).
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Appendix- 3

Sampled Sites for Morang District

line and Foot-hills

Area Sampled Along Highway

o
s Svmbol _'5
g =
wg Arsenic Concentration Range, mg/L
Bordering VDCs Sampled @ 001-005
1 Mahadeva § Amahibariyati
2 Thhurkia 9 Nocha
3 Bardanga 10 Pokhariva
A Dainis 11 Majhare k
5 Aameachhi 12 Bhhatigachh
¥ 13 Buddhanagar

6 Rangeli
7 Sorabhag

14 Biramagar South (Rani) \



Appendix- 4

Sampled Sites for Sunsari District

Kost

Rivel

1 \
\
|
Bordering VDCs Sampled India
1 Amaduwa
2 Sahebganj < =1
3 Kaptanganj -
4 Ghuski Arsenic Concentration Range, mg/L
5 Basangpur - @  001-005
6 Ramnagar Bhutaha 5 F-2 I ® >0.05
7 Narsing
8 Lauki
9 Sripurjabdi
10 Harpur

Morang
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Appendix- 8

This format was used to monitor health effect related possibly with arsenic contamination
of groundwater:

Health Effects found ; VDC, Ward, No. of Information
Effects e e - Place affected | obtained from
Ao : people

INITIAL STAGE
Dermatitis

Keratitis

Conjunctivitis
Bronchitis
Gastroenteritis

Skin Pigmentation in chest
SECOND STAGE
Peripheral Neuropathies
Hepatopathy

Melanosis
Depigmentation
Hyperkeratosis
Aldrich-Mees lines (*)
LATE STAGE

Gangrene 1n the limbs
Malignant neoplasm
OTHERS

e  Transverse white striae of finger nails
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Appendix- 9

Based on information collected using format shown in Appendix- 8, a list of places with
persons probably affected with arsenic contamination of groundwater is shown here.
However, these cases need further clinical analysis for confirmation.

Jhhapa District

Kechana VDC, Ward No. 9, Chalise Tole; 2 persons
Pathamari VDC, Ward No. 4, Kamadbasti; 2 persons
Prithvinagar VDC, Ward No. 5, Prithvinagar; 1 person

Morang District

Mahadeva VDC, Ward No. 3, Hatkhola; 1 person

Mahadeva VDC, Ward No. 2, Chaukihaat; 1 person

Dainiya VDC, Ward No. 8, Nayatola; 1 person

Rangeli VDC, Ward No. 2, Rangeli; 2 persons

Sorabhag VDC, Ward No. 4, Simraha; 1 person

Amahibariyati VDC, Ward No. 2, Bariyati West; 1 person
Amahibariyati VDC, Ward No. 2, Bariyati Southeast; 1 person
Bhaatigachh VDC, Ward No. 7, Hatibandh; 1 person

Sunsari District

Ineruwa VDC, Ward No. 5, Chowk North; 2 persons
Madhesa VDC, Ward No. 4, Ghopali Tole; 1 person
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Entry No. : NCL-187 (W)(52)-10-'99 Date Received : 06.10.1999
Sample  : Water Date Completed : 13.10.1999
Client : Ram Mani Sharma Sampled By : Client

: Arsenic (mg/)
Sample Observed Values . Sample ' Observed Values = Sample | Observed Values

= I ND(0005) | J-32 | ND (<0.C05) I J-63 | ND(«0.005)
g-2 ND(0005) | F-33 | ND («0.005) | JT-64 | 0.027 !
J-3 0.012 P T-34 | ND (<0.005) T 0.011 |
J-4 ND (<0.008) J-3 | ND (<0.0C5 | J-66 | ND(«0.005) |
J-5 ND (0005 | J-36 | ND (<0.0G5) I J-67 | 0.01 !
J-6 | ND (<0.005) e ND (€0.6C5) | J-68 | ND (<0.005)
J=7 i ND (<C.005) J - 38 ND (0.0C5) I J-69 | ND(«0.005)

L. a8 NG («3.005) J-38 | ND {0.CC5) J-70 | ND{(x0005)

| T-=9 0.00% J - 40 ND {0.CC5) | J-71 | ND(:0005)

Lgus k0] ND (<0.008) J -4 ND (<0.0CE) | T-72 | NB{0005)
J-11 NE (<0.008) T - 42 ND («C.0C5) i J-73 | Nb({Hoos)
J-12 NE («0.008) J- 43 ND («0.0C5) J-T74 |  NB(:0008)

J- 13 NE (<0.Q05) T4 ND (<C,008) I J-75 | IND(<0.005)
3~ 14 ND (0.008) J - 45 ND (€G.0C%) | J-78 IND (<0.QCF)
J-15 ND (0005 | T - 46 ND (<0.005) I J-77 |- Nb(0.005)
T 1% ND {<0.008) J - 47 ND (<C.005) | J-78 |  NOIOO05) |
dio= Lt ND (<0.005) J - 48 ND («0.065) L J-79 | ND(€000%) |
J= 18 __ND («0.008) J - 49 ND (<0.0C%) [ ND («0.005)
J-19 ! ND («0.008) J- 50 ND (<0.0CE) Poy-81 | ND (<0.005)
g 200 ND («0.005) J -5l ND (<C.0CE) i F-82 | NB{0005)
J-a P ND (<0.005) J - 82 ND (CLCE) i J-83 | ND(<0.005)

i Fo- P2 NE (0.008) i F =53 ND («0.6C5) b F-84 ! NB (<0.005)

i g-23 1 ND (€0.008) | J - 54 ND («0.0GE) I J-85 1 ND(0008)
T-24 | MB(Q00B) | J - 55 ND (40.005) I JT-8 |  NB{£0005)
J-25 | ND (<0.005) I I =56 N («0.008) J a7 0.007
J- 26 NI (0.008) 3 57 j J-838 @ ND{CO0R)
327 ND (0.0CB) & - 23 J - 8% ND (<0.005)

Ji- 28 ND (€.008) J -39 J - 90 NE (<0.008)
B NG 0.C08) J - 60 J-91 ND (0.005)
J- 30 ND (0.C08) J -6l J - 92 ND (<0.005)

J -3t NG («0.CCE) J - 62

Method of analysis: Silverdiethyl dithiccarbamate cbseratomeric method

" _
%J@,} 71 % 1 .
Am:!f.rj%g By Checked 3y j;' a{;‘ \i.. /‘wf,{f'l'\
Authorised Signature

Tha result listed refer only o the tested samples and applicable parameters. Endorsement of products is neither inferred rior impli

1

5 Total fability of our institute is limited o tha invoiced amount. ‘ ' .

k8 Sa.mpmwﬂlbadmmynddhromrnunmhommedmdimamﬂmm:mmﬁld. . . .
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without our spacial parmission in writing. \5-



IMEEEEE Nepal Environmental & Scientific Services (P.) Ltd.

Im G.P.O. Box. No. 7301, 44,

andu, Nepal. -

Tel. No: 977-1-2158%; 77-1-226028, E-mail: ness@mos.com.np

=ntrs o NCL-208 W)({72)-11-¢ Date Received 25 111885

Sar-cie Water Date Completes ¢ 30.11.18¢¢

Client Ram Mani Sharma Sampled By Client

Parameter . Arsenic (As) Lecauen . Merangz
Arsenic (mg/l)

Sample Observed Values ' Sample '  Cbserved Values Sample =~ Observed Yalues
M -1 ND (<0.00%) M- 31 ND (<0 205i M-61 ND <0 CCE
M-2 ND (=0.C05) . M-32 | 0.02 ! M- 62 ND {<0 002!
M-3 ND (<0.005] M-33 ND (<0 005 M-63 ND (<0.0G5,
M-4 ND (<0.008) | M-34 | 0.05 M- 84 MD (<0.0CE)
M-5 ND (<0.0C5) M -35 ND (<0 051 : M-85 . ND (<3 &85
M-8 ND (<0.C85) I M-36 | 0.005 j M-66 ND (<0.CC5:
M-7 ND (<0.00%) i M-37 MND (<0 00%) | M - 87 ND (<0 CCE:
M-8 ND (<0.005) M-28 ° MD (20,0051 M- 63 NG {<0.2C%)
M-S ND {<0.005) M-39 MND <0 C0%; ; M -88 ND i <C.CC2
4-10 ND (<0.008) M-40 MD (<0.COE) M-70 ND <0.00%

M- 11 ND (<0.005) M-41 ND (<0.005; i M-T1 ND i<0.CCE
M-.12 NE ( <0.0€5) . M-42 | 0.022 { M-72 ; ND (<C.CCS)
M-13 ! ND {<0.00%) L M-43 ND (<0.0C5; M-73 MD ¢ <C 005,
M-14 0.041 T M-44 ND (<0.C0% T M-74 ND (<0305
M -15 ND (<0.005) | M-45 0.021 M-75 MD i<C CCS
M-18 N {<C.CCH) - M-48 ND (<0.005) M-78 ND (<05
M-17 MD (<0.CC5; M-47 ND (<0.005. M-77 MD <0002
i -18 ND (<0.0C5) M-438 ND (<0 C0S) i M-78" 0.8077
_ M-18 ND {<0.005) M-48 MD (<0.005) - M-79 ND «<0.2CE:
M-20 ND (<0.005) M- 50 0022 . M- 80 ND ¢=0.C02:
k- 21 0.017 M- 51 MND i<C.005: M -31 : NBE=0=0T
__M-22 ND {<0.CC5) . M-852 NE (=0.008) ; M-82 MDD i <Q.2C5
M - 23 ND (<0.CC5) M-53 NE 1 <0.008} : M - 83 D¢
M-24 ND {<0.008) - 54 ND <0202 M-84 i 5
M-25 ND (<0.005) M- 55 ND (<0 002! M-85 MD 4<0 207
M-26 ND {<0.005) M- 56 ND 1<0.005) M - 86 ND Q202
M .27 ND (<0.005) . M.57 ND (<C.C05; M- 87 BB =0S8s:
M-28 0.042 i M-58 | 001§ . M-88 ND (<0 TC5 -
M -29 MND i<0.C08) M-59 ND (<0.00%; M-89 ND {<0.C02
M -30 ND (<0 005 M- 60 ND :<C COZ 1 M-80 ND (<0205

smca of analysis. Silverdiethyl dithiccartamate acserstemeric method

ACG?@’
A5 # % el
#."cm"'?_ed Bv 2_ 2 Checked By
) =
= Y

el VU

Authorised Signature

The result listed refer only to the tested samples and applicable parametars. Endorsement of products is neither infarred ror implied.

Total liability of our institute is limited to the invoiced amount

Sanmsﬂhhw:hrmmmllmmdaﬂdmoimlmh unless otherwise specified.
msropmisnuhb.mm«nmﬂmhumamcﬁthWndetﬁhmhwmﬂmm
without our special permission in writing.
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i - tific Services (P.) Ltd.
Nepal Envu-on & Scientific (P.)

Entry No NCL-214 AA)(104)-11-68 Date Raceiveg 08 12,1855

Sample Water Eate Completsgd. @ 18121589

Client © Ram Mani Shama Sampled By Client

Parameter | Arsanic (As)

Arsenic (mg/D
'~ Secmple Obzerved Values Semple Observed Values Sample Observed Yalues

5-1 D («0.008) S -30 MR (0.005) 5- B9 ! 0053
8.2 SO (<0.005) S - 31 AD (0.C05) R T 0017
5-3 *D (<0.008) 5 -32 ND (<0.C0B) S5- 61 | 0.005
S - 4 D («D.C0B) s - 33 N 720 005) : 5- 62 ] Q.0057
S-5 D (<0.005) 5 - 34 N (:0.005) 5..63 | 0026
S-85 ND (<0.0085) S - 35 NG (-0.505) 5- p4 ND (<0.0C8)
5-7 ND («0.C08) 5= 38 ND (<0005 : S- 68 £ QL0063
s -8 NG («Q.008) S5~ 37 NE (<0.505) S - 66 3 0012
-9 RO («0.005) i 5- 35 rE (<0.005) § - 67 { ND (<0.00%)
S - 10 AD (<Q.005) 5 -39 AD (<0.005) S - 68 ND (<0.005)
5- 11 AD («0.008) . 5-40 0018 S - 69 i ND {:0.008)
5-12 A («0.008) | 5-41 AD (<0.005} SEE AD (<0.005)
S -13 MDD (<0.008) : 5- 42 MND (<0.C08) §-71 ! 0014
S - 14 hD (<0.008) . 5-43 NE (<0.00%) e ND (<0.C0%)
5 -15 rD («0.008) . 5- 44 MDD (<0.005) 5-73 =D («0.C0%)
S - 16 AD («0.005) S - 45 NG (<0.C08) 5= 74 ND (40.005)
S -17 5 D («0.008) ! 5- 44 ND {<0.C08} S5-'718 D («0.0CB)
5 -18 ! AD («0.C0%) ' 5- 47 ND (:0.008) a- 78 NG («Q.003)
5-19 MDD (:0.008) | 5-48 ND £20.505) S- 77 D (:0.00%)
§-20 . AD («Q.008) ) A (+0.008) S- 78 ND («0.005)
S-21 AD (<0 005) 5- 50 AD (0.005) s- 79 N [<0,008)
=22 AD (<0.00B) i &= 5% 0575 §-30 AD (<C.505)
5-23 D («0.005) i B B2 D {0005 5 - 81 ND (20005
S - 24 rD (<0.005) 5- 53 00063 S - 82 02232
S -~-25 D («0.0CE) : S5- 84 D (<0.C05%) S - 83 ; IND {£0.005)
S-26 | ND (<0.0C5) 5- 55 0027 S - 84 D (Q0CE)
§-27 | NG («0.0CE) S- 56 0013 S - 85 O («Q.0CB)
S -28 D (<0.0CE) 5- 87 Q.01 S - 86 KD (+0.C05)
5 -29 MO {(<Q.C08) S- 58 0012

As determination in water sample has been cerormed by Siverdiethy! dithiccartamate abscentomentie
methed. In this methed, As is canverted in 5 Arsenic —ydride by ci
Arsenic —varice is abserbed in chicrotorm sc

ien of siiver Diethyl di-tniocaroenare. The intansiry of
deveioped purp-e color is measured at 5i0nm. A in sample 1= deTarmired-. bv comparing iTs absorcance ov
using sTandard curve.
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Authorised Signatura
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{.  The rasult isted refehorpeisthonciecPramd dsdbliappicable parameters. Endorsement of products is neither inferred rior impled.

2. Total iability of our institute is limited to thae invoiced amount.

3. Samples wi be destroyad after cna month from the date of issue of tast carticata unless otherwisa specified.

4 This report is not 1o be raproduced whelly or in part and cannot be used as an evidence in the Court of Law and should not be used in any, advertising media
without our special permission in wriling.



Nepal Environmental & Scientific Services (P.) Ltd.

G.P.O. Box. No. 7301, Thapathali, Kathmandu, Nepal. :
Tel. No: 977-1-215875, 244989, Fax No: 977-1-226028, E-mail: ness@mos.com.np

TEST CERTIFICATE

_ 001/053-C54

]

Entty do MCL-212 (31041124 Date Receiven il 7 o R
Sarrole Mater Date Completed © 1812 18¢Es
Ciient Zam Mani Sharma Sampied By . Client
SParzmerar  Arsenic (As)
S. Arsenic (mg/l)
N. Sample : Observed Values
& M - 78 : ND (<0.0C3)
B S - 53 0.003
3. S - 54 : ND (<0.003)
4, 5 =35 0.028 -l
3 5 =86 0.028
B L S - 57 0.008
7. 5.~ 08 0011
8. I 0.044. ;
=3 S -60 0,018
10 A T 0.007
11 S- 62 0.0C6
1z 5~ b3 0.012
12 S-¢4 2.004
S | S =/60 0.C08
oA S -6 0.012
g ) AN S - 40 0.00¢
17, S-7¢ ND (<0.003)
18 S - 822 0019

kzmorks: Determination of Arsenic in water semples was performed by Hydride generaficn

)
- Checked Bv

Aecredilation No. Pra. wns;s-u }/ ; "(j Oh Mk

Authorised Signature

1 T}nmsmkuntuonrybmemusanpmandmh&mm.mmtdmmhmwmm

2 Tetal liability of our institute is limited ‘o the invoiced amount.

3 Samples will be destroyed after one month from the date of issue of tast carticate uniess otherwise specified. ! .

4 T'msrepu-:unomh.mducudwmﬂyoriupaﬂandmbnusadummumhmcourtdl.'lum:mmuuwhwwm
without our special permission in writing.

NOTE:



