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ABSTRACT: Theincidence of arsenic contamination of ground water used for both irrigation aswell as
for human consumption or indudtrid activities hastaken the dimension of an epidemiologica problem. It has
been established that inorganic arsenic is extremdly toxic both acute and chronic. Initidly it entersinto the
human body through ingestion, inhaation, or skin absorption. After entering into thebody it isdigtributed in
alarge number of organsincluding the lungs, liver, kidney and skin. The clinical manifetations of arsenic
poisoning are myriad, and the correct diagnos's depends largely on awareness of the problem. It is very
difficult to diagnose early symptoms of arsenicos's because such nonspecific symptoms may aso be
present in many other diseases. Medicine used for remedy of arsenicoss has been found to be
unsatisfactory by repeated application and experience. Mdanoss may disappear but keratosis is not

dtered; though it can prevent further complication. Once the
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complication (maignancy) has developed, usng medicine may not prevent it. The symptoms and
ggns of arsenic poisoning may be reduced if the qudity of drinking water were improved. Arsenic free

water or decrease in arsenic level in the drinking water source is essentid for overdl development.

KEY WORDS: Arsenicoss, acute toxicity, chronic toxicity, melanoss, keratos's, cancer, ground water,

remedy.

. INTRODUCTION

Arsenic is an dement thet raises much concern from the both environmental and human hedlth
standpoints. Humans may encounter arsenic in water fromwelsdrilled into arsenic-rich ground srataor in
water contaminated by industria or agrochemica waste® They may come in contact with arsenic in
contaminated dusts, fumes, or mists. They may eat food contaminated with arsenical pesticides or grown
with arsenic-contaminated water or in arsenic-rich soil.* In experience of one of us (KCS) food grownin
arsenic affected areas arsenic is not found ingide the food like ceredls, pulses, fruits, but may be found in
externd layer of food or fruits due to spreneld of arsenicated water. Similarly milk of arsenic affected cows
isfree from arsenic due to modification ingde body or some barrier action of unknown mechanism. A few

gray reports of arsenic in cow’s milk are most likely due to adulteration of milk by arsenicated water.

Thisdement haslong been associated with crimind activity and ill isan emotiondly highly charged

topic, aslarge homicida doses cancause choleralike symptoms (acute poisoning) and death. Ingestion of



low doseviafood or water isthe main pathway of thismetaloid into the organism, where absorption takes
placein the somach and intestines, followed by release into the bloodstream. In chronic poisoning, arsenic
is then converted by the liver to alesstoxic form, from whereit is eventudly largely excreted in the urine.
Only very high exposure can, in fact, lead to appreciable accumulation in the body. Minor dternative

pathway's of entry are known through inhalation and dermal exposure®

Arsenic is a protoplagtic poison due to its effect on sulphydryl group of cdlsinterfering with cdls
enzymes, cell respiration and mitosis.™ Chronic arsenical poisoning and medicina useof arsenicareknown
sance long. Arsenic was used ordly as Fowler's solution in tonic mixtures and in the trestment of asthma,
leukaemia and other mdignancies™ *** Parenterally arsenic was used in the past for the trestment of
syphillis®, topical eosinophilia’, trepanosomiasis™ #, Lichen planus, verruca planum and psoriasis.™
Domestic, agricultura and industria uses of arsenic? in the form of insecticides, weedicides, rodenticides
and arsne are becoming rarer because of advent of low toxic pesticides. Chronic hepatitis and hepatic
cirrhosis have been described due to consuming arsenic contaminated beer.’%® ¥ Non-dermatological
features of chronic arsenicad poisoning by consuming arsenic contaminated drinking water were firgt
reported in 1961 by Tseng et d., in Tawam?, followed by Rosenberg'® a Chile by Datta in India®.
Sahasreport™? isthefirst report inworld literature of chronic arsenica dermatosisfrom consuming arsenic

contaminated tube wdll water.

Nowadays, it is generaly acknowledged that different species of an ement can exert diverse

toxicological and biologicd effectsin anima and human system.®* Thisobvioudy aso gppliesto compounds



whose toxicity greatly varies The inorganic forms of arsenic exhibit the highest toxicity level®, while
organoarsenicas are usudly less toxic than the inorganic arsenic species. Indeed, some organic arsenic
compounds, such as arsenobetaine (AsBet) and arsenocholine (AsChol), are well tolerated by living
organisms “°*, From this point of view, it is becoming increasingly important thet the various forms of
arsenic be quditatively and quantitatively determined in biologicd fluids and tissue aswel asin matrices of
nutritional and environmentd relevance, especidly in marine ecosystem. Thiswill dlow for amuch better

assessment of the risk associated with exposure to arsenic compounds.

Legd provisonsarea present dmost exclusively concerned with thetotal amount of theeementin
foodstuff and drinking water. According to the World Hedlth Organisation (WHO), the provisond tota
daily intake should not exceed 2?9 of inorganic arsenic per kilogram of body weight. Marine organismsare
consdered to be among the greatest bicaccumulators of arsenic due to given the tendency shown by this
element to replace N or Pin severd compounds, thus producing AsBet, AsChol, ga arsenosugarsetc.,

but they are harmless to the system.

II. SOURCE OF EXPOSURE

Exposure to arsenic may come from natura source, from industrial source, or from administered
iI.e.,, accidenta source. Saf-adminigtration of arsenic, unintentiondly i.e,, accidentd consumption by children
or ddliberatei.e., homicida or suiciddl in attemptsby adults, representsthe rare causes of acute poisoning™.
The source of such sef-adminigrationistypicaly an arsenic-containing insecticide, herbicide, or rodentidde:
From aclinica perspective, massve exposures are now not usudly seen in suicidd or homicida setting;
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accidenta exposures, usudly not seriousyet largdy preventable, are usudly seenin children, and chronic or
intermittent exposures often arethe most diagnostically chdlenging. Exposureto arsenic viadrinking water,
air, food, and beverage has been reported occurring at many placesin theworld. Exposurethrough drinking
water isincreasng due to contamination from industria operation and over withdrawd of groundwater for

irrigetion.

Occupationd and environmenta health problems can result from the frequent commercid presence
of arsenicas. Exposure to arsne gas is dso an environmentd hedth hazard of concern in numerous
occupationd circumstances. Arsneisacolourless, odourless, tasteless, nonirritating gasthat causesarapid
and unique destruction of red blood cells and may result in kidney falure, which is uniformly fata without
proper therapy. Most cases of argne poisoning have occurred with the use of acids and crude metals of

which one or both contained arsenic as an impurity.*

Thetwo usua routesof aosorption of arsenic are by ingestion and/or inhaation. Theremay be some
degree of skin absorption of trivalent arsenic oxide sinceit ismorelipid-soluble then the pentavaent form.
If the contact is by ingestion, then symptoms caused by acute gagirointestingl irritation will dominate the
reaction. Ingested arsenic has ashorter haf-lifethan inhaed arsenic dueto morerapid biotransformationin
the liver.*? If the inhdation is the route of initid contact, then respiratory irritation will be a major
determinant of early symptoms. However, once the arsenic is absorbed, the vascular circulation will ensue

contact with awide variety of potentid symptoms reflecting the diversity of possible organ damages.



Arsenic entersthe human body through ingestion, inhalation, or skin absorption. Most ingested and
inhaated arsenic is well absorbed through the gastrointestingl tract and lung into the blood stream. 95
percent of theingested trivalent arsenic isabsorbed from the gastrointesting tract. Itisdigtributed inalarge
number of organs induding the lungs, liver, kidney, and skin.%® After absorption through lungs and the
gastro-intesting tract, 95 to 99 % of the arsenic is located in erythrocytes, bound to the globin of
hemoglobin and is then transported to the other parts of the body. About 70% of the arsenic are excreted
mainly through urine. M ost arsenic absorbed into the body is converted by theliver to lesstoxic methylated
form that is efficiently excreted in the urine. The rate of decrease of arsenic in the skin gppears to be

specialy low compared with the rate for other organs™**%

[11. ARSENIC POISONING
A. Acute Poisoning:

Symptoms of acute intoxication usualy occur within 30 minutes of ingestion but may be delayed if
arenicistaken with thefood. Initidly, apatient may have ametalic taste or notice adight garlicky odor to
the breeth associated with adry mouth and difficulty in swalowing. Early clinical symptomsat acute arsenic
intoxication may be muscular pain, weskness with flusking skin. Severe nausea and vomiting, colicky
abdomind pain, and profuse diarrhoea with rice-water stools aoruptly ensure. Capillary damage leadsto
generdized vasodilation, transudation of plasma, and vasagenice shock. Arsenic's effect on the mucosal
vascular supply, not adirect corrosive action, leads to transudation of fluid in the bowel lumen, mucosal
vesca formation, and doughing of tissuefragments. The patient may complain of muscle cramps, numbness

in hands and feet, reddish rashesin the body and intensethirst. In severe poisoning, the skin becomes cold



and clammy, and some degree of circulatory collgpse usudly occurs dong with kidney damage and
decreased urine output. Drows ness and confusion are often seen aong with the devel opment of apsychosis
asociated with paranoid delusions, hdlucinations, and ddirium. Findly, saizures, coma, and death, usually

due to shock, may ensue.

Following the gastrointestind phase, multisystem organ damage may occur. If death does not occur
inthefirg 24 hrs. from irreversble circulatory insufficiency, it may result from hepetic or rend failure over
the next severd days. Cardiac manifestationsinclude acute cardiomyopathy, subendocardia haemorrhages,
and dectrocardiographic changes. The most common changes on an eectrocardiogram are prolonged QT

intervals and non-specific ST-segment changes.™

B. Chronic Poisoning:

Chronic arsenic poisoning is much more inddious in nature, often involving multiple hospitd
admissonsbeforethe correct diagnossismade. Arsenica dermatosiswasrarely picked up fromthevariety
of so many dermatoss. The source of arsenic exposureisdiscovered in fewer than 50% of cases. Themost
prominent chronic manifestationsinvolvetheskin, lungs, liver and blood sysems. Thiswasfirst diagnosedin
West Bengd and Bangladesh patient of Khulnain December, 19843 4 by Prof. K. C. Sahain July 1982

at School of Tropica Medicine, Cacutta > ™

The cutaneous changes are characteristic yet non-gpecific. Aninitid persstent erythematousflush

dowly, over time, leads to meanoss, hyperkeratos's, and desquamation. The skin pigmentation is patchy



and has been given the poetic description of "raindropson adusty road". The hyperkeratossisfrequently
punctuate and occurs on the distal extremities. A diffuse desquamation of the palms and solesisaso seen.
Long-term cutaneous complications include the development of multicentric basdl cdll and squamous cell

carcinomas.'®

One of us (KCS) found mostly sgquamous cell carcinoma and Bowen's disease both
monocentric and multicentric but Basal cdll carcinoma was not found in skin out of 222 mdignanciesin
arsenicogs™ 4 Bowen's disease, a rare precancerous skin lesion, is associated with both arsenic and
human papillomavirus (HPV). Both arsenic and HPV cause cancer of the epithdlid tissue’™, and onemay
speculate that arsenic cause cancer in human beings through the activation of an oncogenic viruslike HPV.
Thiswould explain why arsenic promotes cancer of the epithelid tissue in human beings but not in rodents,

which normaly do not carry papillomavirus®

Brittle nail, patchy alopecia, and facid edemaarereported
in the literature in arsenical skin diseases. One of us KCS® experienced non-pitting oedema of feet and

rarely conjunctiva congestion as additional sgnsin arsenicd dermatoss (ASD).

Anaemiaand leukopenia are dmost universa with chronic arsenic exposure. Thrombocytopenia
asofrequently occurs. Theanaemiaisusudly normochromic and normocytic and caused a least partidly by
heemolysis®’ Interference with folate metabolism and DNA synthesis may result in megaoblastic
changes.™ In underdevel oped countries like India and Bangladesh, the presence of anaemia, leucopenia
and thrombo cytopeniafrom arsenic areto be carefully assessed keegping in mind the common associ ation of

anaemia and leucopenia from manutrition.



V. PRIMARY SYMPTOMSAND DIAGNOSIS OF ARSENIC DISEASES
Clinical Symptoms:

Clinicd symptoms occurring in the early stlage of human arsenic poisoning were unspecific. The
cinicad manifestaions of arsenic poisoning are myriad, and the correct diagnosis depends largely on
awareness of the problem. Among the people who were taking high-arsenic water, early symptoms

included, following non-specific symptoms, which can be present in many other diseases.

7 Pdpitations

?? Figue

?? Headache, dizziness, insomnia, weakness
?7? Nightmare

7 Numbness in the extremities, anaemia

Stages of Clinical Features of Arsenic Toxicity

Arsenicd toxicity or arsenicoss develops ingdioudy after Sx months to two years or more
depending on the amount of intake of arsenic laden ground water and arsenic concentration in the water.
The higher the concentration abovethe maximum permissiblelevd (0.05mg/L) or higher theamount of daily

water intake, the earlier the onset of symptoms.

Thefeaturesof arsenical toxicity hasbeen dassified by Dr. Seha™* which arenow known as Sahdls

classfication of sages Theseare (1) Preclinicd, (2) Clinicd, (3) Internd complication and (4) Mdignancy.



1. Pre-Clinical (asymptomatic) Stage: Thismay be subdivided into (a) Labile, chemica orblood phase
(transient). Urine showing arsenic metabolites, Dimethylarsonic acid (DMAA) and Trimethl arsinic acid
(TMAA) , during intake of groundwater containing high arsenic concentration; (b) Stable, sub-dinicd or
occult phase or tissue phase (persistent). Body tissue showing high arsenic concentrations with no
goparent clinicd symptoms. Blood phase (Labile): After theintake of arsenic contaminated water, blood
and urine examination reveds arsenic products but on withdrawa of it, urine becomesfree of arsenic. The

nature of arsenic revedled in urine is dimethyl arsonic acid (DMAA) and trimethyl arsnic acid (TMAA).

Tissue phase (stable): Inthisphase, examination of nails, hair and skin scalesor other body tissuesreveds
high arsenic concentration, though the features of arsenic toxicity are absent. Unaffected members of an

affected family often are in this stege.

2. Clinical Stage (symptomatic or overt phase): The presence of clinica symptomsis confirmed by
detection of higher arsenic concentrationin nail, hair and skin scaes. Ideaof skinscaesfor arsenicwasaso

first observed by Prof. Ssha™

Onset: The features of arsenicd toxicity gppear gradudly and dowly with time. Sx month to ten years
(average 2 years) may be required for the development of clinica features. If the arsenic concentration in
water consumed is not very high or the daily water intakeislow or if the patient spends most of the day in

other unaffected areas for business or service or if the nutritiona status of the patient is good, the clinica
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features may not developed for yearsand if it develops a dl, the Sign are often mild. On the other hand if
these conditions are not satidfied, the symptoms may develop between 6 monthsto 2 years.

Major Dermatological Signs.

(i) Melano-keratosis. Meanosisi.e., dark pigmentation-diffuse and/or spotted keratosisi.e., dry, rough
gpotted nodulesin pams and/or soles are the chief symptoms of arsenica dermatosis (ASD). It shoud be
noted that there are various causes of melanoss and keratoss, spotted and diffuse, genetic and acquired.
The combination of the two features-meanos's and keratosis-in the same patient in adults points to the
diagnosisof arsenica dermatoss. Genetic disorders are often present since childhood and acquired diseases

like arsenicoss gppear in later life,

(i) Melanosis: Diffuse darkening of skin starts in the pam and gradudly spreads to the whole body

(Photograph 1). Mild melanos's can be revealed by comparing with norma pam.

(i) Spotted or rain drop pigmentation (spotted melanosis) is usudly seen on chest, back or limbs.
Thisisafarly common symptom. (Photograph 2 shows a patient with severe spotted melanos's). 50% of
the patients show otted meanoss in chest, back and sometimes in the limbs, i.e,, hands and legs.
(iv) Spotted and Diffuse Keratosisof pams and soles (Photograph 3) are signs of moderate to severe
toxicity. Rough, dry, spotted nodul es (spotted keratosis) appear after 5- 10 yearsinthe pdmsand feet. Still
later (>10 years), the skin becomes dry and thickened . This stage is cdled diffuse keratoss. Gradudly
thickening of soles can give rise to cracks and fissures (hyperkeratoss).

(v) Leucomelanosis This observation was dso made first by Dr. K. C. Saha. About one third of the
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patients devel op pigmented and depigmented spotsinlegsor trunk, found in advanced stage of the disease.
Probably stimulation of meanocytes producesthe pigmentation and damagein later sageisrespongblefor
the depigmentation spots. Leucome anosisis common ( whiteand black in colour) in personswith advanced
arsenicoss or who have stopped drinking arsenic- contaminated water but had spotted melanoss earlier.
(Photograph 4 shows such a case in Nadia digtrict). (vi) Dorsal keratosisi.e., rough dry skin often with
palpable nodules (spotted keratosis) on dorsum of hands, feet and legs are the Sgns seen in severe case
(Photograph 5). If the arsenic intake is high or the disease is of long duration- more than 10-15 years-
keratosis dso developsin the dorsa skin of hands, feet, legs or even other parts of the skin (whole body

keratoss).

(vii) Combination of pigmentation (Melanosis) and nodular rough skin (spotted palmoplanter
keratosis) in post childhood age dmost points to arsenic toxicity excluding other of causes of isolated
pigmentation and keratosis (nodular rough skin), PAmoplanter skin was involved in early phase and

keratogs of limbsin later phase.

Minor Dermatological Feature:
(i) Mucus membrane melanosison tongue, gums, lips etc. may dso be manifestations of arsenictoxicity.

In some cases pigmentation also appearsin tongue, inner Sde of lips, gums or mucus membrane of mouth.

(it) Non-Pitting oedema: In rare cases oedema appearsin feet which does not pit on pressure without

any history of attracts of pain or fever, differentiationship from filaria lymphaedema. This was dso first
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pointed out as an additional sign of arsenicosis by one of us KCSM™®
(iii) conjunctival congestion: Sometimes observed (4%) asreddish eye dueto conjunctiona congestion

without any sgn of inflammation like grating sensation, pain or gicky discharge.

3. Stage of Internal Complications: Inthisstage, non-dermatological toxic features gppear in additionto
dermatologica sgns. The common complications are: Lungs, Asthmatic bronchitis (cough, expectoration,
breathlessness, and redrictive asthma). Symptoms of clinica phase are associated with different
complications asthe other organslikelungs, liver, muscles, eyes, vessalsare affected. Clinica symptomsare
asociated with bio-chemicd evidence of organ dysfunction as well as hisologicd, histochemicd
abnormdlities and high concentrations of arsenic in different organ involved. Liver enlargement

(hepatomegdy), spleen enlargement (olenomegaly) & fluid in aodomen ascitesare seenin severd cases.

4. Stage of Malignancy: Mdignancy affecting skin, lungs, bladder uterus or other organs develops if
patient survives the stage of complications. Malignancy does not develop before 10 years of arsenic
exposure™, Usually after 15-20 yearsafter the onset of first symptoms, cancer develops. Skin cancersare
mostly monocentric but sometimes multicentric cases are dso found. Usudly they have dow progressfor
years. But sometimes in 6 months malignancy extends to neighbouring glands and in 9 months to 1-year

time, patient often expires.

a) Skin, lungs, bladder, genito urinary tract etc.

b) Squamous cell carcinoma (Photograph No. 6), Basd cdl carcinoma, Bowen's disease, Carcinoma
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affecting lung, uterus, bladder, genitourinary tract or other Stes are often seen in advanced neglected cases
auffering from 10-20 years.

Other Rare Signs:

(@  Areid insufficiency (Blackfoot disease of Taiwan)

(b) Megslinesin nals

V. TOXICITY OF ARSENIC TO HUMANS

Mogt [aboratory animals gppear to be substantially less susceptible to arsenic than humans. It has
been reported that chronic ord exposureto inorganic arsenic (0.05-0.1 mg/kg/day) causesneurologicd and
haematologica toxicity in humans but not in monkeys, dogs, and rats exposed to arsenite or arsenate at

doses of 0.72 to 2.8 mg/kg/day.

Thereisgood evidencethat arseniciscarcinogenic in humansif exposed oraly or by inhdation, but
not inanimas. Therefore, quantitative dose-dependent data for animals should not be considered areliable

source to apply to humans®

A. Respiratory Effects:

Effects of arsenic on the human respiratory system have been reported both from occupationa
exposure aswell asfrom tubewel | water arsenic toxicity. Humans exposed to arsenic dust or fumeinhdation
are more opt to be encountered in mining and milling of ores; in industrid processing, such as smeting

industry which often produces irritation of the mucous membrane, resulting in laryngitis, bronchitis, rhinitis

14



and tracheobronchitis, causing stuffy nose, sore throat, hoarseness and chronic cough etc.?’” Very high
exposureto unprotected workers may manifest perforated nasal septum after 1-3 weeks of exposure'®, but
such effects are minor or absent at exposure levels of 0.01-1 mg/nT.®® A fatal case of arsenic trioxide
inhaation manifested widespread tracheobronchia mucosal and sub mucosa haemorrhages with mucosd
doughing, aveolar heemorrhages, and pulmonary edema.*® Chronic asthmatic bronchitis and asthmais a
common complication of ground water arsenic toxicity**3. No reports exist on the respiratory effects of

organoarsenicas in humans.

B. Cardiovascular Effects:

It has been suggested by severd epidemiologica studiesthat chronicinhdation of arsenic trioxide
canincreasetherisk of death in humansfrom cardiovascular disease.*"**3 Longterminhalation of inorganic
arsenic could injure the blood vessels or the heart. Zadivar'® reported several cases of myocardial

infarction and arterid thickening in children who consumed water containing about 0.6 mg/l arsenic.

Arsenic ingestion through food or water may have serious effects on the human cardiovascular
system. Both acute and chronic arsenic exposure cause dtered myocardid depolarization and cardiac
arhythmias that may lead to heart failure® > Low leve arsenic exposure by humans may aso cause
vascular system dameage, aclassca example of which is Blackfoot disease, whichisendemicinan areaof
Taiwan where mogt drinking water contains 0.17 to 0.8 ppm arsenic™?, corresponding to doses of about
0.01 to 0.5 mg Agkg/day.* In ground water arsenicosis of West Bengd this ischaenice gangrene from

vasenlitis are not seen probably due to less arsenic concentration circulating in blood stream.**
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Effectsof arsenic onthe vascular system have a so been reported in anumber of other populations.

In Chile, ingestion of 0.6 to 0.8 mg/l arsenic in drinking water (equivadent to 0.02 - 0.06 mg Askg/day)

increased theincidence of Raynaud's disease and of cyanosisof fingersand toes.** *** Thickening of blood
vessds and their oclution were noticed due to arsenic in beer poisoning.*® *1° In acase of acutevoluntary
massve arsenic in toxicaction, the muscles showed hypercontracted fibres, myofibrillar disruption,

mitochondrial abnormélities and cytoplasmic vacuoles® No data are available for cardiovascular effects

due to organcarsenicals.

C. Gagtrointestinal Effect:

Gadtrointestind symptoms are common in acute poisoning but not in chronic like ground water
arsenicoss. Workers exposed to high levels of arsenic dusts or fumes suffer from nausea, vomiting and
diarrhoea® Clinica signs of gastrointesting irritation from acute arsenic poisoning include burning lips,
painful swalowing, thirst, nausea and severa abdomind colic.*%**? These symptoms are usudly not
detectable at exposure levelsbelow 0.01mgAs/kg/day*** and they dedinewithin ashort time after expoare
ceases. The efficiency of absorption or inorganic arsenicals from the gastrointesting tract isrelated to their
water-solubility. Chakraborty and Saha? reported three degthsin Indiadueto chronic arsenic poisoning by
drinking water from tubewells having mean arsenic content of 0.64mg/l. The most likely mechanism of
gadtrointestingl toxicity is damage to the epitheliad cdlls, with resulting irritation. Tay and Sed'® noted
gastrointestind involvement in 17 of 74 people ingesting arsenic a an estimated dose of 3 to 10 mg/day

through an herba preparation.
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D. Hematological Effects:

The haematopoietic system isa so affected by both short-and long-term arsenic exposures. Anemia
and leukopenia are common effects of poisoning and have been reported as resulting from acute®
intermediiate,* and chronic ora exposures.> These effects may be dueto adirect haemolytic or cytotoxic
effect on the blood cells and a suppression of erythropoies.®” No such effects were noticed in humans
exposed chronicdly to 0.07 mg Askg/day or less. Rdlatively high doses of arsenic have been reported to
cause bone marrow depression in humans® Mizuta et d.,** reported anemia and lenkopenia in adults
ingesting 3 mg Agday in soy sause. The manutrition is a mgor causes of anaemia is underdevel oped
country like Indiaand Bangladesh. Hence the anaemiain patients of arsenicossisto be properly judged for

the amount of the two causes.

High concentration of arsine (10 ppm) cause desth within hours’ due to red blood cell
haemolysis™’ Low levels of arsenic (0.5-5.0 ppm) bring about these effects in a few weeks, and an
average concentration of 0.5 mg/l (0.2mg/nT) is considered acceptablein thework place.? Rend damageis

17 Mono-, di-, and

secondary and occurs due to clogging of nephrons with hemolytic debris.
trimethylarsinesare strong irritants but arelesshemolytic than arsine® Arsneexposureby humansisusudly
fatal without proper therapy.** Arsine bresks down in the body to inorganic arsenic and methylated

derivatives (lesstoxic than argne).

The mechaniam of hemolyss involved depletion of intracdlular GSH, resulting in oxidation of

sulfhydryl groups in the hemoglobin from ferrous to ferric in mice and rats. Haemocyanin combines with
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arsenic, which reduced oxygen uptake by cedlls and therapy prevents hatching.
E. Hepatic Effect:

Arsenic wasthefirgt chemica agent to which liver disease was dttributed in humans. Sincetheliver
tends to accumulate arsenic with repested exposures, hepatic involvement has been reported most
commonly as acomplication of chronic exposures over periods of months or years® #* Patientsmay first
cometo medicd attention with bleeding esophagea varices, astites, jaundice, or smply an enlarged tender
liver. Hepatic leson that formed after prolonged ingestion of arsenic-containing medicines (Fowler's
Solution) have been described. Clinical examination often reveds thet the liver is swollen and tender.>™
The analysis of blood sometimes shown devated levels of hepatic enzymes*® These effectsare most often
observed after chronic exposuresto aslittle as 0.02 to 0.1 mg Agkg/day. " Arsenic has been observed
to produce mitochondrid damage and impaired mitochondrid functions, and accordingly might be expected
to affect porphyrin metabolism. Franklin et ., * Hepatic faity infiltration and cirrhosis of theliver in patients

who used Fowler's solution. Non cirrhotic portd fibrosis and finaly cirrhoss with hepatic falure resultsin

ascitis jaundice and coma.

F. Renal Effects:

Like the liver, the kidneys will accumulate arsenic in the presence of repesated exposures. The
kidneys are the mgor route of arsenic excretion, aswell asmgor site of conversion of pentavalent arsenic
into the more toxic and less soluble trivdent arsenic. Stes of arsenic damage in the kidney include

115,119,137

capillaries, tubules, and glomeruli.
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Damaged proximal tubular cdllslead to proteinuriaand castsin the urine. Mitochondrial damageis
adso prominent in tubular cdls Oliguria is a common manifestation, but if acute arsenic poisoning is
aufficiently severeto produce shock and dehydration, thereisred risk of rend failure, dthough didysshas

been effective in overcoming this complication.*

Argne-induced hemalysis is likdly cause tubular necrosis with partia or complete rend failure,

requiring hemodiaysis for remova of the hemoglobin bound arsenic.*

G. Dermal Effects:

Skin disorders have been documented in severd epidemiologica studiesin which people consumed
drinking water that contained arsenic of levelsof 0.01 to 0.1 mg Askg/day or more. Characteritic effects
of arsenicingestionincluded generdized hyperkeratos's, wartsor cornson the pamsand soles, and areas of

hyperpigmentation interspersed with small areas of hypopigmentation on the face, neck, and back > 2%

61, 143, 107

Severd epidemiologica studiesinvolving 20 to 200 people detected no dermd or other effectsasa
result of exposure to chronic doses of 0.003 to 0.01 mg As/kg/day.™*® *3* A chronic oral doseof 0.01 mg

Askg/day or lesswould pose little risk of noncancer effects in humans.

H. Neurological Effects:

Severd dudies have indicated that ingestion of inorganic arsenic can result in neurd injury. Like the
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cardiovascular system, both the periphera and centrad components of the nervous system can be damaged
by arsenic.%% 5 136137 the experience of one of usK CS™, no neuropathy werefound but one case of
myopathy was seen. In acute high exposures (1 mg Askg/day or more) often cause encephaopathy with
such symptoms as headache, lethargy, mental confusion hallucination, seizures, and coma® Individuaswith
repeated arsenic exposures frequently contract sensorimotor polyneuropathy, which usudly, but not dways,
displays symmetricd involvement and which may resemble Landry-Guillan-Bare Syndrome in its
presentation. Neuropathy may appear in 1 to 5 weeks after an acute exposure and is produced mainly by

axona degeneration.

Symptoms of chronic encephaopathy include persstent headache, diminished recent memory,
digtrectibility, aonorma irritability, restless deep, loss of libido, increased urinary urgency, and increased
effects of small amount of ethanol.®* Secondary depression, anxiety, panic atacks and somatizations are

common, in addition to the organic cognitive impairment documented by neuropsychological testing.

El ectromyographic technique (EM G) used to detect neuropathy showed decreased nerve condition
amplitudewith little changein nerve conditionvelocity.” Bansdl et d.° reported asymmetric bilatera phrenic

nerve involvement in a patient who was poisoned by arsenic.

Inhaation of inorganic arsenic can cause neurologicd injury in humansthey may include peripherd

neuropathy of both sensory and motor neurons causing numbness loss of reflexes, and muscleweskness™

83
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|. Developmental Effects

It is not well established whether ingestion of inorganic arsenic can cause developmentd
abnormadlities in humans. No overdl association between arsenic in drinking water and congenitd heart
defectswas found in acase-control study in Bostor*, athough an association with coarctation of the arota
was noted. Nordstrom et a.,”® ® found thet babies born to women exposed to arsenic dusts during
pregnancy had ahigher than expected incidence of congenid maformations. The averagebirth weight of the
babies was dightly below average.®” The incidence of spontaneous abortion in women who lived neer a
copper smelter in Sweden tended to decrease as a function of distance.® A couple of studiesreported an
increased number of miscarriages among women who worked in the semiconductor industry, which cause
arsne™® ® No reportsexist concerning the devel opment effects of organoarsenical compoundsin humars.
In chronic arsenicoss from ground water, no development defect has been experienced by one of us

(KCS).

J. Reproductive Effects
Hardly any published information exists regarding reproductive effectsin humans and animas after
inhaation exposure to arsenic or organoarsenicas. The same is true for human ora exposure to these

compounds.

K. Genotoxicity Effects

Inhalation exposure to arsenic trioxide increased the frequency of chromosomal aberrationsin the
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perphera lymphocytes of smeter workers® ® andin fatal mouselivers of mothersexposed to 22 mg Agnt
during the gestation period (days 9-12).%° These datado not indicate that arsenic ismutagenic, but they do
indicate thet it is clastogenic. There is no conclusive evidence that arsenic causes point mutationsin any
odlular sysem.® % However, Li and Rossman’™ have shown that arsenite causesinhibition of DNA repair

after theincison step in Chinese hamster V79 cdlls.

L. Mutagenic Effects:

Mutagenesisincludesthe induction of DNA damageand awidevariety of genetic dterations, which
can range from smple gene mutations (DNA base-pair changed to grosdy visble changesin chromosome
sructure or number clastogeness). Some of these changes may cause genetic damage transmissible to

subsequent generations, and/or Some may cause cancer or their problems in the exposed generation.®

Arsenic has long been known to cause chromosoma damage, but most investigators have been
unable to induce direct gene mutation.>***® This apparent pardon, plus occasiona poor convreation
between arsenic exposure dose and resultant frequency of chromosomal aberrations, have been explained
by the concept that arsenic promotes genetic damagein large part by inhibiting DNA repair.’® ™ % 110 The
repair inhibition may be abasc mechanism for the comutagenicity and presumably the cocarcinogenicity of

arsenic.X®

Comparisons of chromosome aberration frequencies induced by trivalent and pentavaent arsenic

have indicated that the trivalent forms are far more potent and genotoxic than the pentavalent forms.” 8 %
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Enzymes such as superoxide disumutese and catdase that scavenge for Oxygen free radicas seem to
provide protection againgt arsenic induced DNA damage, indicating apossible bassfor the genotoxic effect

of arsenic.®

M. Immunologic Effect:

The effect on the immune system of inhdation exposure to arsenic is not well sudied. No
abnormditieswere detected in the serum level s of immunoglobulins of workers exposed to arsenic in acod-
burning pone plant.” The levels of arsenic were not messured in this study and they may have been too

smdl to cause gnificant damage.

N. Car cinogenic Effect:

Introduction of cancer appears to be the most striking long-term effect of chronic expose to
inorganic arsenic. Epidemiologicd studies have demondrated an evident causa reationship between
environmental, Occupationd, and medica exposure of man to inorganic arsenic and cancer of theskinand

42,64,71,72,90,

lungs 92104 Mogt anima experiments, however, were not able to demonstrate concinogenicity,

excent for very few observations of increased incidence of leukaemiaand lung cancer. 3%

Thereexistsaclear association between pre-cancerousdermd keratos's, epidermoid Carcinomaof
the skin and to some extent, lung cancer and exposure of humansto water- solubleinorganic arsenic through
drinking water with high natural arsenic content or through contaminated beer and wine. Epidemiologica

sudiesin Argenting, Chile, Canada, and Taiwan Suggest correl ations between drinking water that contains
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arsenic and blackfoot disease, Bowens disease and skin cancer.®

O. Cancer of the Respiratory System:
An excess of deaths due to respiratory cancer has been observed among workers exposed to
inorganic arsenic in the production and use of pesticides (gpray) gold mining, and in the smdting of

5, 28, 39, 46, 69,102

nonferrous metds, especidly copper.

Anincrease of lung cancer with increasing duration of exposure to arsenic compounds but not with
non-arsenic products. Cases of lung cancer house aso been reported among workers engaged in the
spraying of insecticides containing inorganic arsenic. Fishbein® statesthat the probability of desth from lung
cancer in personswith arsenical keratosisis 5 to 10 times higher than expected and IARC® has conducted
that "thereis sufficient evidence that inorganic arsenic compounds are skin and lung carcinogensin humans.
Thergpy with inorganic arsenicas has adso been associated with the development of precancerous skin

lesons, multiple epitheliomatos's and bronchia carcinoma

P. Cancer of the Skin:

Skin cancer has been associated with inorganic arsenic exposure.®212* Skin cancersaremostly
monocentric but sometimes multicentric cases are dso found.** Table 1 showstheincreasing incidence of
arsenicoss. Severd types of neoplastic changes of the skin, including, Bowen's disease and basad cdll

carcinoma of arsenical origin are usudly multiple and located on the trunk 4
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Squamous cell carcinomas devel op primafrom the keratoses on the extremities. Multiple basa cell
carcinoma has been rdated to arsenica therapy™ as dso an epitheloid angiosarcoma for right adrend
gland.” The exposure occurred most frequent viathe ora route, either through contaminated drinking water
or medication. Ingestion has usudly taken place over severd decades with daily doses of severa mg of

arsenic. In various types of skin cancer, the most common being multiple basa cell carcinomas.

Q. Biochemical Effects

Arsenicd compounds are known to inhibit a number of important enzymes in both animals and
humans. Phenylarsne oxide (PAO) blocks glucose trangport activity by inhibiting insulin activation of
glucose uptake in rat soleus muscles™* and in 3T3-L 1 adipocytes™, inwhich vicind thiol areimplicatedin
ggnd tranamisson, These vicind groups indluden -SH, -SH/-OH and -SH/-CO,H, which take part in

insulingimulated sugar trangport 3 %8

Arseniteisrapidly and extensvey accumulated intheliver, whereit inhibits NAD-linked oxidation
of pyruvate or ? -ketoglutarate. Thisoccursby complexation of trivaent arsenic with vicind thiols necessary

for the oxidation of this substrate!*°

VI. TRANSFORMATION OF ARSENIC IN THE BODY
Arsenic is a norma component of the human body. Once ingested, soluble forms of arsenic are
readily absorbed from the gastrointestinal tract. Absorption rate estimates range from 40 to 100% for

humans. Arsenate, AS(V) whether inorganic or organic, is better absorbed than Ag(111) arsenite because
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arsenate is less reactive with membranes of the gastrointestind tract. Arsenic in drinking water ismogtly in

the arsenate form, and complete absorption of arsenic from water may occur.

Once absorbed, arsenic is trangported by the blood to different organsin the body, mainly in the
form of MMA. Typicd levelsin the blood of people who are not exposed to a sgnificant source of arsenic
pollution range from 1 to 5 2g/l As™; levelsin soft tissue range from 0.01 to 0.1 2g Asgm.* The highest

levels may be found in nails and hair (0.1 to 1?g AS/g) where arsenic accumulates over time.

Metabolism of arsenicin humansinvolvestwo processes. After entering acell, arsenateis reduced
to arsenite. Arsenite is then methylated to form MMA and DMA; this process occurs primaily in the
liver.2% Trimethylarsine oxide, athough expected to be formed during arsenic metabolism has not been

identified in humans, and its Sgnificance in organic metabolism is il not known.

Inorganic ASV) and A4(l11) have different mechanisms of action. Arsenate (A(V)) behavesvery
much like phosphate consequently, it can subgtitute for phosphate in normad cdll reactions, interesting with
normél cell functions™® In contrast, arsenite [Ag(I11)] hasahigh affinity for thiol (-SH) groupsin proteins,
caudng inactivation of a variety of enzymes'?* Because arsenate is reduced in the body to arsenite,

arsenate in drinking water may have abiological effect identica to arsenite.

In contrast to inorganic arsenic, neither MMA nor DMA binds strongly to molecules in humans.

Hence their rdlative acute toxicity isless than that of inorganic arsenic form.* In generd, inorganic A(V) is
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one tenth as toxic asinorganic As(l11), and MMA and DMA are less toxic than inorganic A(V). 3 After
ingestion, inorganic arsenic that is not immediately excreted or absorbed by tissues is progressvely
detoxified through the methylation process. However, the chronic effectsof aMMA DMA are not known’,

only afew studies have evaluated DMA.*!

Theform of arsenic Sgnificantly affectstherate a which arsenicisexcreted from the body. Some of
the inorganic arsenic is excreted primarily via urine as the parent form of the ingested arsenic. After
methylation, it isalso excreted assMMA and DMA. Humansrapidly excretemost blood arsenic, with 50 to

90% cleared in two to four days™*. The remainder is cleared 10-100 times more Sowly.*

The pharmacokinetics of arsenic in the human body are not well understood. Although severd
pharmacokinetic models have been devel oped, thinly gpply to short-term exposure (two to four rats) and
have severa limitations that cause them to inaccurate projection.™* Further development and refinement of
pharmacokinetic and pharmacodynamic models are important, however. They may provide insight into
arsenic hedth effectsat low levels of exposure and help to interpret epidemiologicd studieson As, most of

which have used ecologicd study design.

VII. HOW ARSENIC AFFECT OR DESTROY THE BODY ENZYMATIC SYSTEM
Arsenite compound mainly absorbed to the human dementary cand and it deposited hugely tothe
vaious cdlsin the body. Asareault it affect the enzyme activity in the cdll and findly the affected cdlsare

dead Sowly.
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1st step.
Pyruvic acid (which is obtained from the glucose of ingde the cdl mitogondia) bresks with the help of a
gpecid type of enzyme. The pyruvate oxidase complex is necessary for oxidative decarbonylation of
pyruvate produceto acetyl coenzyme A and carbon dioxide beforeit entersthetricarboxylicacid cycle. In
this process energy is store for workable of cdlls.

The enzyme system comprises severd enzymes and cofactors one protein molecule of enzyme
having onelipoic acid. Andinonelipoic acid having two sulfhydryl (-SH) or thiol group, whichisessentid

for its workahility.

Inthe presence of trivalent arsenic (Arsenite) it replace the two Hydrogen from the thiol group and
attached with sulfur molecule and formed a dihydrolipoyl-arsenite chelate complex, which prevesating the
reoxidation of the dihydrolipoyl group necessary for continued enzymatic activity, and this pivota enzyme
gepisblock. Asaresult anount of pyruvate in blood increases energy production is reduced and findly

the cdl damage dowly.

In the same manner arsenic destroy workability of another enzyme and reduced production of

succinyl coenzyme A and findly production of ATP reduced. If arsenic is depogited in long time then it

breaks the ATP block the energy supply to the cells.
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Step 2

The arsenate form of inorganic arsenic are avallable in nature. This aso block the enzymatic activity in
mitochondria but in different way. The next seps of ADP from the continuing enzymatic activity combine
with inorganic phosphate and produce ATP. Thisreactionis called oxidative phosphorylation Sncearsenic
can replace phosphorus, so it combine with ADT to replacing phosphate and subsequent formation of an
ungable arsenate easter bond that is rapidly hydrolysate. As a result though oxidation is occur but
production of ATP through phosphorylation ishampered and source of energy in cdl reducing continualy
not only thisbut aso it disturb the eectron transfer of inorganic phosphoruswith ATP. Thus, the so-cdled
high-energy bonds of adenos netriphosphate are not conserved in the presence of arsenate. Thisprocessis
termed arsenolysis.™* Arsenic may therefore be doubly toxic to cdlular respiration by inhibiting energy-

Linked functions of the mitochondriain two very different ways.

1 Trivdent arsenic inhibits the reduction of nicotinamide adeine dinuclectide by deactivating
critical enzymesin the tricarbonylic acid cydle, and

2. Pentavadent arsenic uncouples oxidative phosphorylation by arsenolyss.

Another important enzymatic reaction is the production of ATP with succinic acid or succinate
through flevo protein reduction, Arsenate compound disturbed in thisreaction aso, asaresult energy supply

in cdls reduced.

VIIl.REMEDY FOR ARSENICOSIS
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A. Acute Arsenic Poisoning

Acute arsenic toxicity is practicaly not seen in the present days. Because there are many easier
ways of suicidd and homicida poisoning. Treatment is just like cholera and dehydration.
B. Chronic Arsenic Poisoning

Arsenic has been used as a medicine and as a poison snce humans first became interested in
chemistry. The untoward effect of "medicind™ arsenic, primarily inorganic arsenite, have only recently been
gppreciated becausetheir ill effectsare of achronic nature and large epidemiol ogic databases are needed to
define deleterious outcomes. Thetoxic properties of al arsenic preparations are dose- dependent. Regarding
the adminigtration of arsenic, the dictum of paracelsus (14937 -1541) is appropriate to remember: "All
subgtances are poisons, there is none which is not a poison. The right dose differentiates a poison and a
remedy. "Arsenic is rgpidly cleared from the blood stream and the mgor route of arsenic diminaion is
through the kidneys as methylated arsenic metabalites, the preferred sample for diagnoestic andysisisa
24hrs urine collection, Arsine exposure may aso be assessed by analysing the content in hair and nails
because arsenic tends to accumulate in these tissues over time. Analyss of scales has been form as

additional measure by Prof. Saha.

In cases of chronic arsenic poisoning one should consider BAL (British antilewisite) asachelator
the Signs of arsenicosis are severe or the patient is in complications.”” Trestment by BAL is superior to

penicillamine.

During thedinica phase, when symptoms like melanoss and keratosis gppear ontheskin, cheeting
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agentslike BAL, Penicillaming DMSA/DMPS hdp in clearing melanosis. Mechanica scraping of soles of
feet can be done to relieve keratoss. Urea and salicylate ointments can aso be used. Prolonged used of
chdaing agent BAL with mechanica scraping of water soaked keratotic soles and pamsgive encouraging
results. Urea (20%) in cream or vaseling, followed by 6-10% sdicylic acid, dso hepsfor smoothening of
skin. Follow-up of trested patientsa monthly interva for clinical and chemicd assessment ishepful for find
assessment of the trestment™2, During the phase of internal complications, symptomatic trestment hasto be
gpplied using antibiotics. Glucose-Methionine hasto be gpplied for the treatment of liver damageleading to

ascitis and porta hypertension.

In case of maignecy, ddating agents, become usdless. Early surgica remova of the affected parts
(if no mdanosis or granular spread) and chemothergpy may prolong life. But such treatments cannot cure

the desease after cancer setsin; they can only prolong the suffering using highly expensive drugs.

Dimercapral (2, 3-dimercagptopropanal) isthetraditiona chelating agent used, but Penicillamine has
been used with some success.'® Parentera dimercaprol isadministered intramuscularly &t aninitial dose of
3to 5 mg/kg of body weight every 4 hr. the dose should be tapered but administration continued until the
urinary arsenic excretion is less than 50kg per 24 hr. This therapy is frequently effective in preventing or
neutrdizing systemic toxicity. In most cases, the degree of recovery from neuropathy, gplastic anaemia,
encepha opathy and jaundiceislimited and directly related to theinitid severity of the systemic involvement

and the rapidity with which chelation thergpy in initiated.
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Penicillamine, dthough only amonothiol agent, hasbeen used successfully; itsgreat advantageisthat
it may be ordly administered. Both agents have a high frequency of sde effects, dthough thisislessof a

problem in the presence of large amounts of body arsenic.

A recently reintroduced drug that gppearsto beapromising agent for tregting arsenic poisoningis2,
3-dimer captosuccinic acid. thisisadithiol agent that can be ordly administered and hasfew reported Sde

effect.’” Table 2 shows the medicine for arsenicosis disease.

IX. PREVENTION OF ARSENIC POISONING IN HUMANS

Itisobviousthat high-arsenic drinking water may beafactor in arsenictoxicossin human beings. It
seemsto be important in the control of the diseaseto consider how to prevent arsenic intake from drinking
water. The symptoms and Sgns of arsenic poisoning may be reduce if the quality of drinking water
improved. In some cases, the symptoms and signs of arsenic poisoning were reduced three years after the
qudity of drinking water improved. The morbidity rate so declined.

Numerous studies suggested that improvement of water quaity, the rate of improvement in the symptoms
and sgns of arsenic poisoning in human beings may increase with adecreasein arsenic leve inthedrinking

water source.

Furthermore, it was observed that new cases of human poisoning occurred only when arsenic

concentrations in the drinking water source exceeded 0.15 mg/L. (Table-3). At thesametime, it wasaso
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found that arsenic levelsin the urinary samplesfrom cases of human poisoning aso declined with adecrease

in the arsenic levelsin water source for drinking. (Table-4). Thus, it may be essentid for the control of the

disease to improve water quality in areas of endemic arsenic toxicosis.***

X.CONCLUSIONS

1.

Exposure to arsenic may come from natura source, from industrial source, or from administered
acute poisoning.
Chronic arsenical dermatoss arises from consuming arsenic contaminated drinking water for long
time.

Ingestion viafood or water is the main pathway of arsenic into the organism.
Humans are more sengtive to arsenic than animas.
Wesak and malnutritious people can be easly affected by arsenic contaminated water or fume or
dust or contact at the skin.

Meanosismay disappear by using medicine but keratosis can not dter though further complication
may be prevented.

No medicine was found effective once complication devel oped.
Arsenic free water or environment or decreasein arsenic concentration level isonly the solution of

arsenicoss.
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TABLE 1 I ncreasing incidence of ar senicosis-cumulative (1983-97)

Year | A.D. | A.B. | A. V. ASD Cancer incidence

in Lung Blad. | GUTR Total
1983 | 4 5 5 127 0 0 0 0 0
1984 | 5 12 15 241 1 0 0 0 1
1985 | 6 17 24 485 3 0 0 0 3
1986 | 6 30 40 1068 3 0 0 0 3
1987 | 6 40 61 1214 6 0 0 0 6
1988 | 6 42 78 2026 30 3 3 2 38
1990 | 6 44 123 | 24000

No data

1993 | 6 47 415 83000
1994 | 6 47 428 85600
1995 | 6 54 544 | 108800 | 139 16 3 2 160
1996 | 7 60 638 200000 196 19 3 2 220




1997 | 9 74 966 200000 198 19 3 2 222

A. D.- Affected Didtricts

A. B.- Affected Blocks
A.V.- Affected Village
Blad.- Bladder

GUTR- Genito Urinary Tract

TABLE 2 Medicine for arsenic diseases, which aretried.

Chelating agent

Therapeutic use

Dithiol & moncthiol agents (BAL)

Penicillamine SMSA & DMPS

A Spexific line of treatment for relief of dinica manifestations
and chelaing reduction of arsenic storesin the body, reducing

subsequent-cancer risk.

DMSA &DMPS

Effectivein thetrestment of chronic arsenic toxicity, but costly

and not in avallablein India

BAL (British Antilewisite)

Usad as a chdator when arsenic extraction from tissue is

required, trestment for savere arsenic poisoning.

Dimercaprol (2, 3-dimercaptopropanol)

Traditiond cheaing agent

Penicillamine (monathiol agent)

Thisisdso achdating agent, which is used successfully with

its great advantage that it may be oraly administered.

2,3-dimercapto  succinic acid  (Dithiol

agent)

Recently reintroduced drug that appears to be promising

agent for treating arsenic poisoning.
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Results as per experience of oneof us(KCS) arenot satisfactory. Meanossdisgppearsor diminishedin 1-
2 month appreciately but keratossisnot dtered. It prevents the further complications but malignancy may

not be prevented.

TABLE 3 Relationship Between the Rate of Improvement in Symptoms and Signs and
Arsenic Levd in Drinking Water.

Water I mprovement in symptoms New class

arsenic and signs.

(mgl) Number Number Number New class

of Cases improved observed
Cases | Rate Cases Rate (%)
(%)

0.0-0.04 13 10 76.9 26 0 0
0.05-0.14 19 11 57.9 43 0 0
0.15- 0.25 61 35 574 47 3 6.4
0.26- 04 81 21 259 254 25 16.2
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0.50 and up 7 0 0 4 3 -

TABLE 4 Corrdation Between Arsenic Leveal in New Water Source and Arsenic Leve in

Urine.
Water arsenic Cases observed Urine Arsenic level (mg/l)
level
(mg/l) M ean SE
0.0-0.04 32 0.03 0.005
0.05-0.14 9 0.059 0.013
0.15- 0.25 10 0.127 0.024
0.26- 0.3 7 0.152 0.014

37



0.40 and up

14

0.228

0.037
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