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Arsenic ?

Arsenic 1s a metalloid toxic element also called “Secrete
Poison”

It 1s soluble in water and found in nature 1n rocks, sediments
and arsenic rich minerals e.g. arsenopyrite (FeAsS). realgar
(As,S,); orpiment (As ,S,); arsenic trioxide (As,0O,).

It 1s generally associated with :
« Basin full of alluvial deposits
* Volcanic deposits
e Uranium and Gold mining
Anthropogenic activities like :

* Smelting operations, fossil fuel combustion, wastes
from different uses of arsenic chemicals.


http://encarta.msn.com/find/Concise.asp?z=1&pg=2&ti=761577835

Not clearly known

Natural geological changes are presumed to be the primary
reason for arsenic contamination

Three factors are supposed for groundwater arsenic
contamination in this region :

* Arsenic present in the aquifer sediments

 Arsenic released from the sediments to the
groundwater

* Arsenic flushed away in the natural groundwater
circulation



Toxicity of Arsenic

The total daily intake of Arsenic by the general
population 1s usually less than 0.2 mg/day.

Exposure to arsenic through ingestion occurs
mainly by drinking As contaminated water.

Levels exceeding maximum permissible limit (0.05
mg/L) in water may lead to health effects.

WHO standard for Arsenic in drinking water 10 ppb
and Nepal, India & Bangladesh — 50 ppb

Symptoms of Arsenic toxicity can be observed
within 2 to 10 years of exposure. However it
depends upon the dietary and metabolism factor of
individual.



Clinical Feature of Arsenicosis Patient

Pre Clinical Stage

Not detectable by clinical manifestation

Initial Stage

Melanosis, Keratosis, Bronchitis, Gastroenteritis




Clinical Feature (....... Cont)

Second Stage

Depigmentation — rain drop pigmentation,
Hyperkeratosis, Oedma of legs......




Last Stage

Gangrene, Cancer (skin, bladder and lung)....




DWSS/WHO, 1999 first tested about 268 samples from
eastern Nepal (Jhapa, Morong and Sunsari)

Indicate the possibility of arsenic contamination in ground
water in Nepal.

Three years Drinking water quality improvement program
has been launched by NRCS under technical collaboration
with ENPHO in September, 2000

A National Steering Committee on Arsenic has been
established by Government in 1999

An Interim National Policy on Arsenic has been prepared by
Steering Committee on May, 2001.

Other agencies like DWSS, FINNIDA, and NEWAH, are also
starting water testing program in their program area.
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Classification of Arsenic Concentration
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Distribution of Arsenic Concentration by District
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Arsenic Concentration and Depth of Tube Well
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Arsenic Exposed Population

Total Population using Arsenic Tested Tube Wells is

1,280,775

69,12
203,50 6 (5%)

0 (16°/|.

1,008,14
9 (79%)

0-10 ppb ® 11-50 ppb “ Above 50 ppb
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10 Hotspots VDC / Municipalities

Ramgram Municipality (445) Nawalparasi
Manari VDC GE) Nawalparasi
Swathi VDC (

Tilakpur VDC (62) Nawalparasi
Sunwal VDC (

Mahendrakot VDC (38) Kapilbastu
Jahada VDC (31) Nawalparasi
Rampur Khap VDC (28) Rautahat
Devadaha VDC (28) Rupandehi
Sangrampur VDC (26) Rautahat

68) Nawalparasi

46) Nawalparasi
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Health Impact Study in the Arsenic affected
Areas of Nepal
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Methodology used for Health survey

Tube wells with arsenic contamination > 50 ppb
were selected for Health survey

$

Information on the recipients were taken with the
help of structured questionnaires ‘

Trained Health workers who conducted the survey
also observed the population and collected hair/nail
samples of the symptomatic persons

*Hair/nail samples were brought to ENPHO lab for

analysis ‘

*Final confirmation of the symptomatic patients were done by
Medical doctor/Senior Health Adviser . In addition these patients
were again confirmed by Doctors from Bangladesh: Dr, Rumi(
NGO- Forum Bangladesh and Dr Akhtar. NIPSOM



Number of VDCs in the study



Findings



Health Survey Results

Health Survey was done by NRCS,DWSS and FINNIDA
In 1ts project areas

Note: Tube wells that had arsenic >50ppb were
only considered for the study. Thus the entire

population 1s not covered or population consuming
from particular tube well 1s only covered




Arsenicosis symptomatic cases outside survey area in

Nawalparasi district




17005 individuals observed — 3.1 % prevalence of
arsenicosis.

Prevalence tends to increase by age

Prevalence rate 1s higher in the age group 50 and over.

Prevalence rate higher in Male than Female

Most of the symptomatic patient show early stages of
arsenicosis symptoms like melanosis and keratosis

However, serious arsenicosis patient also reported in non
study area




Result of Hair and Nail test in the

Suspected Persons



Percent Distribution of Hair Samples by Arsenic Content
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Pictures









Medical Doctor from Bangladesh confirming the
suspected patients in Nawalparasi




Person with Melanosis
found 1n Parsa District



Person with initial
stage of Keratosis
found in Parsa

District
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Person with Keratosis found in Goini,Sarawal, Nawalparasi
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Keratosis in sole,Goini



Keratosis in palm and |
sole,Goini




'\
= Health Worker giving
consultation to
affected household
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Alternative Options



Search for other alternative Water Sources

Safe Tube well around the area in different water
depth

Dug wells and other sources and its improvement
Possibilities of Gravity flow Water Supply
Coordination with different Water Supply Agencies

Rainwater Harvesting



Marking Tube-well




Dugwell as alternative option













Community level Arsenic Removal Treatment Plant under construction ( Nawalparasi)




Arsenic- Iron Removal Plant in Badera VDC in Nawalparasi
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ENPHO Two Gagri Filter

Chemical packet contains:

* Ferric chloride (coagulant)

« Sodium hypochlorite (oxidant)
» Charcoal (adsorbent)
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Three-Gagri System

Brick chips
lkg
charcol 1
kg & Fine
sand 2kg

Clean
water







—— Raw Water
—&— Treated Water







Cross Section of ABF

| « Lid
‘ Metal Diffuser Box .
Arsenic

Iron Nails 5 kg — Removal
Unit

-

Polyester Cloth

Fine Sand Pathogen
diameter < 1.0 mm Removal
 Unit

—

Coarse Sand

diameter 1.0-6.0 mm
S

« Gravel
diameter 6.0-15 mm




Pathogen & Arsenic Removal Mechanism

Water
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A : Physical Removal by surface straining — Bacteria are too
large to pass through the sand layer

B : Biological removal by predation - The microorganisms living
in the biofilm consume incoming bacteria.



Arsenic Removal Mechanism
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Sand

Water

The arsenic particles are bound onto ferric hydroxide, and the resulting molecules are filtered by the top layer of the fine sand. The
faces represent arsenic, while the nails represent ferric hydroxide particles.

\J
e Ferric hydroxide (iron rust) is an excellent adsorbent for
arsenic.

e Surface complexation reaction occurs when aqueous arsenic
species come into contact with Fe ***



Arsshic Concentration (pph)
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Tested 1476 samples —
ENPHO test kit & AAS

Installation of community level
arsenic bio sand filter as a pilot
scale.

Formulation of tubewell
installation policy

Training to technicians
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Lessons Learnt

Arsenic level fluctuate

Need better future monitoring plan

Needs to provide safe water option before recommending
to stop contaminated water

Need strong motivational program to change people’s
perception

Mitigation program should not run agency wise approach
Blanket testing
Kanchan filter 1s most effective option among other filters

While conducting health survey, individual with basic
training on diagnosis is sufficient for patient screening



Recommendation for Health Investigation

National prevalence study on arsenic should be conducted

Train health post in charge and medical professionals from district
hosptials

Utilize existing trained human resources to train more professionals

Utilize and expand existing laboratory services for biological analysis
for arsenic

Rehabilitation services for arsenicosis patient

Include arsenic related course in academic institution related to
health and engineering



Existing Trained Human

Resources
Water quality experts - 2

Chemists - 3

Medical Doctors — 2
Public Health Experts - 2
Engineers — 3

GIS expert — 1
Geostatistician — 1
System Analyst 1

Health Workers — 8
Technicians — 8
Motivators - 15
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