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Abstract

Arsenic poisoning isamgor public health concernin Bangladesh. Thisstudy usesprimary data
to examine health impactsand costs associ ated with arsenic contamination of groundwater. The
study estimatesthat some 7 to 12 million person-days per year arelost asaresult of arsenic
exposure. In addition, individualswho are sick spend between 207 (US$ 3.5) millionto 369
(US$6.25) milliontakaper year for medical help. Thetota cost of illnessasaresult of exposure
toarsenicis Tk 557 (US$9) to Tk 994 (US$ 17) million per annum or on average nearly 0.6
percent of theannual income of affected individuals. If itispossibleto provide arsenic-free
(within safelimit) alternative technol ogiesto reversetheimpact of arsenic, thesocia gainsto
Bangladesh areconsiderable. Thestudy asofindsthat thethreat of Melanosis--the black spot
disease—and Keratosis—roughnessin palms and soles— is high when there is cumulative
exposure and that thisthreat is not the same for all wealth classes. Richer households take
mitigation measuresto reducethethreat ontheir hedth. Richer householdsa so seemtobemore
successful inavoiding theincidence of conjunctivitisdueto Arsenicosis. WWomen on the other
hand aremorelikely to be affected by inflammation of therespiratory tracts--asign of long-term
exposurewithout recourseto medical help.

KeyWords.  Arsenic, hedthimpact, drinking water, mitigation, avertivetechnol ogy, Bangladesh.
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Managing the Arsenic Disaster in Water Supply: Risk Measurement,
Costs of Iliness and Policy Choices for Bangladesh

M. Zakir Hossain Khan
1. I ntroduction

Bangladesh, dongwith Nepal and the state of West Bengd inIndia, isfacingamgor disaster in
termsof thearsenic contaminationingroundwater aquifers. Arsenicisanatura minera thatis
present inthe soil. The concentration above 50 parts per billion (ppb) or 0.5 micro-gram per
litre(mg/l) inwater islikely to create hedth risks. Unfortunately, asestimated by the Bangladesh
Arsenic Mitigation Water Supply Project, nearly 30 percentof all tubewellsin 258 Upazlas of
Bangladesh have ahigher arsenic content than the recommended safelimit.! For Bangladesh,
thismeansthat an estimated 27 percent to 60 percent of the populationisat risk fromarsenic
exposure (Smith, Lingasand Rahman, 2000).

Historically, Bangladesh hasbeen aforerunner in SouthAsiaintermsof providing itspopulation
with access to safe drinking water. Death due to cholerawas successfully contained in the
seventiesand eightiesby replacing existing sources of drinking water with tubewells, astrategy
that wasvigoroudy pursued by the Government of Bangladesh and donors. However, sincethe
discovery of arsenicinground water inthe nineties, Bangladesh hasstruggled onceagainwiththe
problem of ddlivering safewater. Thegovernment hastried toinform peopl e about the presence
of arsenicin drinking water sourcesthrough abinary color coding system. A green-colored
tube-well isasafeonefor collecting drinking and cooking water while ared-colored oneisnot.
Nonetheless, either due to limited alternative sources of water or for other reasons, many
househol ds continueto usewater fromthe* unsafe’ tube-wells.

I nterventionsto supply arsenic-freedrinking water requirevaryinginvestmentsat thecommunity
level aswell ashousehold actionsto obtain safewater. Invariably, thismeansthat households
haveto bear some portion of the costs of such investments. But, what are householdswilling to
pay for arsenic-freewater? Inthispaper, wetry to addressthisquestion by estimating the costs
househol dsbear asaresult of exposureto arsenic. Using acost-of-illnessapproach, we assess
the expenditures householdsincur asaresult of sicknessand usethisto discussthe economic
viahility of arsenic mitigation options.

Theimpact of arsenic contamination onindividualsand householdsisnot just amatter of the
presence of arsenic in ground water. Exposure depends on factors such as awareness and
understanding of the problem, household and individua characteristics, actionstaken to reduce
exposure (referred to asavertiveactions), and actionsto mitigate the problem by seeking medical
help. Thus, inthisstudy, wea so try to understand how and to what extent these variousfactors
can explainthe presenceor risk of arsenic-related diseasesamong individuals. We assessrisks
at various stages of disease development. Thisinformation should be useful to policy makers
and practitionersintargeting their clientelemore effectively.

1 Department of Public Health and Engineering, Bangladesh, December 2005.
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2. Background

Much of Bangladesh is a deltaic plain crisscrossed by mighty rivers such as the Ganges,
Brahmaputra, Megnaand the Teesta. The country hasapopulation of gpproximately 129 million
inhabitants (Census2001) making it themost densaly populated country intheworld. Bangladesh
isaso one of the least developed countriesin the world, with a per capita Gross Domestic
Product (GDP) of US$444in 2005 (BER, 2005). Neverthe ess, Bangladesh hasmade significant
stridesin accel erating economic and human development. Accessto clean water hasbeena
major devel opment target of the government of Bangladesh. Until thediscovery of arsenic, it
wasthought that ninety seven percent of househol ds had accessto clean water—thisnumber is
now reduced to seventy four percent.?

According to the Bangladesh Arsenic Mitigation and Water Supply Project (BAMWSP)—a
mgor World Bank-funded government project—out of 4 milliontube-wellsingtdled in Bangladesh,
1.2 million have been found contaminated with arsenic (www.bamwsp.org). Fig. 1 showsthe
distribution of tube-wellswith levelsof arsenic monitored by the Department of Public Health
Engineering of the Government of Bangladesh. The bluedotsrefer to tube-wellsthat havea
concentration of arsenic of lessthan 0.5pg/liter, thered dotsaretube-wellswith aconcentration
of morethan 50 pg/liter, the green dots aretube-wel I swith arsenic concentration between 0.5to
4ug/liter and the peach dotsrepresent concentration rangesfrom 4 to 50 pg/liter. What isstartling
isthat the arsenic concentration level in 30-40 percent wellsof the affected areaisover 50 g/
liter (www.bamwsp.org, 2001). Intermsof peopleaffected, according to one estimate (DPHE
2005), there are some 38,380 Arsenicosis or other arsenic-affected patientsin Bangladesh.
However, thismight bejust thetip of theiceberg. For example, screening doneby BAMWSP
demonstratesthat thefiguremight beashigh as 1.1 cases of Arsenicosisper thousand people.

Severd sudiesexis onarsenic contamination and therelated geologicd, scientific, epidemiologicd,
technological, and health aspects, which have been completed or are currently in the process of
being completed. Smith, et al. (1999), for example, have shown that arsenic contamination may
be responsible for bladder and lung cancer rather than other types of cancer. Zaldiver and
Guiller (1977) havediscussed, inthe context of Taiwan and Argentina, how, “poor nutritionin
childrenfavorstoxicity toarsenic.” Sinceanumber of the symptoms of Arsenicosisdevelop
over time, the number of cancer patients (particularly those that continue drinking arsenic-
contaminated water) isexpected to dramatically increaseinthe coming years.

Theprimary pathway to Arsenicos sisprolonged exposurethrough drinking arseni c-contaminated
water.® It usualy takes5to 20 yearsto devel op. Because of the dow process, the evolution of
thediseaseisdividedinto severa stages.

o Primary Sage—Melonosis, Keratosis, Conjunctivitis, Gastroenteritis. Intheprimary
stage, an Arsenicosispatient may devel op several symptoms, sometimes simultaneoudly,
such asblackening of some parts of the body or thewhole body (Melanosis); thickening
and roughness of the palms and soles (Keratosis); redness of the conjunctiva
(Conjunctivitis); inflammation of the respiratory tract; and nausea and vomiting
(Gastroenteritis).

2 http://lcgbangladesh.org/prsp/docs/257,2, An overview.
8 Absorption of arsenic through the skinisminimal. Thus hand-washing, bathing, laundry, etc., with water
containing arsenic do not pose human health risks.

2 SANDEE Working Paper No. 27-07



e Secondary Sage — Lekonelanosis, Hyper-Keratosis, Non-pitting Edema. If a patient
continuesto beexposed to arseni c-contaminated water, and if adequate preventive measures
are not adopted, then the symptoms advance and become more visible including white
intermittent dotswithin blackened areas(called Leukonelanosisor Rain Drop Syndrome),
nodular growth on the palms and soles (Hyper-Keratosis), swelling of thefeet and legs
(Non-pitting edema), and periphera neuropathy aswell asliver and kidney disorders.

o Final or Tertiary Sage—Inthetertiary stage, an Arsenicosis patient’sphysical condition
deterioratesrapidly and the condition becomesirreversble. Gangreneof thedistal organs
or other partsof thebody, cancer of the skin, lungsand urinary bladder and kidney and liver
fallurebecomemanifest at thisstage.

TheNationa Ingtitute of Preventive and Social Medicine (NIPSOM), Bangladesh, estimates
that 50 million peopleareat risk of developing Arsenicosis, with Melanosisand Keratosisas
the most common. According to them, peoplewho areaready diagnosed with Arsenicosisare
reported to be either inthe primary or in the secondary stage and the number of such patientsis
increasing.

Given the nature and the severity of the problem, the Government and other national and
international ingtitutions are engaged at variouslevelsin providing aid to the people through
technica and financial support for detection, research and mitigation projects. TheWorld Bank,
theAsian Development Bank and the Government of Bangladesh, withthehelp of many foreign
governments, areworking together on aninvestment planworth 93.4 milliondollars, for arsenic
mitigation projectsin Bangladesh. Thisinvestment, if successful, would eventualy benefit nearly
24 million people.

3. Methods
3.1 ValuingtheBenefits of Arsenic Safe Water

Inthisstudy, our first objectiveisto assesshousehold level costsassoci ated with arsenic exposure.
Economists have attempted to estimate the costs associated with adeclinein environmental
quality or dternatively the benefits of improving environmenta quality inanumber of different
waysand for numerouspollutants. A frequently used techniqueisto estimatethe cost of illness
from pollution, which generdly includesthewage |l ossesassociated with Sick daysand themedical
expenditures undertaken to recover from sicknessresulting from pollution. Thereare many
examplesof thiskind of study. For example, Tolley (1994) used the cost of ilInessapproach to
esimatewillingness-to-pay (WTP) for reduction of human hedlth problemsand riskswhileDickie
and Gerking (1991) and Gerking and Stanely (1996) studied thevalue of air quality based on
household expenditureson medical care. Thestudy by Alberini, et al., (1997) of air pollution
impactsin Tawan isamong other notabl e contributionsto estimating the cost of illness.

Another approachisto estimate the costs associated with avertive actions or the economicloss
incurred by the household in attempting to avoid exposureto pollution. Abdalla, Roach and Epp
(1992), for example, estimated averting expenditures to assess the costs of contaminated
groundwaeter.

In Bangladesh, arecent important study on WTPfor arsenic-safewater usesathird approach:
contingent valuation. Thestudy by Ahmad et. al., (2002) estimatesWTPfor piped water supply

SANDEE Working Paper No. 27-07 3



projects. Thisstudy estimatesthat WTPfor acommunity water stand post isTk 51 per month,
with an additiona Tk 960 towardscapital costs. For domestic connections, the mean estimated
WTPisTk 87 per month and Tk 1787 towards capital costs. For poor households, the costs
are Tk 44 per month and Tk 838 towards capital costsfor astand post and Tk 68 per month
and Tk 1401 towards capital costsfor ahome connection. Thisstudy hashowever come under
some criticism on the groundsthat poor househol ds might not be ableto pay for arsenic-free
piped-water connections (Www.arsenic poisoningin Bangladesh-Indiahtm, 2004). Inour study,
weadopt acost of ilInessplusavertive expenditures gpproach—an approach discussed in Freeman
(1993), which discussesdifferent techniquesto measurethe heal th costsof environmenta change.

Thisstudy followsthe Freeman (1993) model of household production function to estimatethe
willingness-to-pay for arsenic-freewater in Bangladesh. A household maximizestheutility subject
toafull-incomebudget congtraint:*

U () ZU K, Ly S HY oo (1)

Where, X istheamount of consumption of goodsand services(private), L isthe amount of time
spentinleisure, Sisthenumber of sick daysand Hi isavector of characteristicsof theindividual
like education, health status, wedlth, etc.

Following Freeman (1993), it can be shown that an individual determines his’/her choice of
consumption of goodsand services and mitigation/averting activities based on income, cost of
medical and averting activities, level of contamination in water, health status, and household
characterigtics. Themargina willingness-to-pay for areduction in pollution (or animprovement
inenvironmenta qudity) isgivenby:

* * oJ
Mwrp=w3S . p A" p IM* ASE
dR " oR R 1 dR

where, Sisthe number of work dayslost dueto sickness, A isaverting activity undertaken, M
refersto mitigating activities(illnessand medicinerelated), Ristheleve of contamination, wis
thewage, and P, and P, arethe price of averting and mitigating activitiesand A refersto the
margina utility of investment in mitigating and averting expensesto get rid of Sckness. 1t should
be noted that variableswith asterisk (*) aremeasured at the optimal level.

Becauseof difficultiesin estimating thelast termin equation (2), which measuresdisutility from
sckness, va uation studies often estimate alower bound of the MWTR, asgivenin equation (3),

* *
|\/|V\/TP:W§+ PAai-l- PM al
drR JoR

where MWTPisthe sum of @) cost dueto work dayslost, b) cost dueto adoption of averting
activities, and c) cost of mitigating activities.

4 For adetailed derivation, see Freeman (1993).
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3.2 Risk of Disease and Socio-Economic Differences

Househol dsrespond to costsincurred from sicknessin many ways. |nsome cases, other family
membersincreasetheir work and/or thereisareduction in household consumption. Households
also cope by drawing on cash savings, selling assetsand obtaining loans. Furthermore, ina
traditional society wheresocid stratification isdefined by kinship, assetsand asoignorance,
socia exclusion can play animportant roleininfluencing coping strategies. For example, since
Arsenicosisinitsinitial stageis manifested as a skin disease, parents of brides with arsenic
diseasesfindit difficult to gain appropriate groomsfor their daughters. Exclusonisevidentin
other socia interactions as well. For example, Asia Arsenic Network (2004) found that
“ Arsenicosispatients are refused jobs and water collection by neighborsor others.” However,
thistypeof unfortunate exclusion can haveapositiveimpact whenit comesto fighting arsenic
contamination—therisk of socid exclusion leading to theadoption of somemitigation measures.
This, inturn, affectstherisk associated with Arsenicosis. With the above scenario in mind, this
study attemptsto capturetheinfluence of social and economic factorsin determining therisk of
Arsenicosis.

3.3 Data

To estimatethe cost of illness, we undertook asurvey of 5563 individua sfrom 878 households
intwo Upazllas (sub-districts), Matlab and L aksman, in 2005. TheseUpazllasarelocatedin
the southeastern part of Bangladesh, whichisthe most arsenic proneregion (seeFig. 1). To
determinethesampleframe, the database of the Department of Public Hedth Engineering (DPHE)
was used and househol dswererandomly chosenfor the survey. Althoughthetwo Upazllasare
located within a50 km distance from each other, one of them, Matlab, isan areawhere health-
relaedinterventionsare high duetoitslinkagewith the Internationd Centrefor Diarrhed Diseases
Research, Bangladesh (ICDDRB).

Intermsof thelevel of contamination by arsenic, thetwo Upazllasarevery smilar asshownin
Fig. 2. According to DPHE data, nearly 0.159 per cent of peoplein Laksman are affected by at
least one of the variants of Arsenicosiswhile0.106 percent of people are affected in Matlab.
Only twenty four percent tube-wellsin Matlab and thirty two percent tube-wellsin Laksmanare
labeled safe (DPHE, 2005).

We used atwo-step procedureto sel ect the householdsfor the survey. Inthefirst stage, 900
tubewd Iswererandomly chosen (450 from each Upazlla) for the survey from 7 Unions(three
Unionsfrom each Upazlla®). Sincethe sametubewell isshared by several households, at the
second stage, one household from each tubewell user group was selected. Thetotal number of
househol ds selected was 878.

Thedatacollected for thisstudy includesthree generd classesof information: @ household level
information to determinethe general characteristics of the household in terms of incomeand
wealth; b) health, demographic, and socio-economic characteristics by individuals (each
enumerator wastrained toidentify different variantsof Arsenicossbased on symptomsof arsenic

5 Administratively, Bangladeshisdivided in to several tiers: Division, District, Upazilla, Union, Ward and
Village. Unions are the second tier of local government institutions.
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diseases); and c) work dayslogt, incomeloss, sick days, and averting and mitigating activities
both at household level and at theindividua level. Avertiveactivitieshererefer to actionstaken
by householdsto avoid use of contaminated water. Mitigating activitiesrefer to doctor and
hospitd vidts.

Tables1 and 2 provideabrief summary of statisticsat theindividual and household level. The
average ageof theindividualsinthe sampleis28 yearsand the average year of schoolingis5
years® while height and weight of theindividualsare 55.10 inchesand 41.66 kg respectively.
Fifty percent of thesampleindividuasaremae.

To determine weal th status of the household, we collected alist of assetsfor each household.
Using thislist, thewealthindex that was devel oped providesardative scale on wedlth for each
householdin termsof wealth status. The maximum vaueof theindex is100 and theminimum
valueis0. Atotal of 43typesof assetswereincluded inthe caculation of theindex. Of the43
assets, 32 werelisted ashousehold assets and the other 11 werelisted as productive assets. We
present theweal th distribution of the sampled householdsin Fig. 3.

Non-governmental organizationsintheareaareinvolvedinraisngthelevel of awarenessagaingt
drinking water from the arseni c-contaminated sources. Survey datashowsthat 32 percent of
househol ds attended such programsorganized by NGOs. In Bangladesh, NGOshave covered
nearly 50 percent of therural populationintermsof their activities. Thisnumber thusisnot

urprisng.

Intermsof sourcesof drinking water by the household, 46 percent of householdsinthesample
use either atube well or hand pump as the primary source of water for drinking. Only 11.5
percent people use water from deep tube wellsasthe source of drinking water. Lessthan 0.5
percent people usefiltersand only 0.2 percent usewater from Arsenic Remova Plants(ARP).
Thisclearly showstheextent of vulnerability of thelocal peopleintermsof Arsenicoss.

Inthestudy area, alarge number of tubewels(though not al) have been marked RED (unsafe
for drinking) or GREEN (safe) by thegovernment. However, survey datashowsthat 56 percent
of householdstill drink water from RED-labeled tubewells. Further, snceal thetubewellsare
not color-coded, it ispossiblethat 86 percent of the households (see Table 2), who state that
they drink water from shallow aguifer sources, may a so be exposed to arsenic.

Thesurvey aso collected dataon individuas, whichispresented in Table 2. Our survey suggests
that 5 percent of al the people surveyed have at least one of the varioustypesof Arsenicosis. 4
percent have black spotsor Melanosis, 3 percent have thickening or roughness of pamsand
soles(Keratoss), 2 percent haverednessin eyesor Conjunctivitis, 2 percent haveinflammation
of respiratory tract, 0.43 percent have swelling of thefeet and legs, .068 percent suffer fromliver
andkidney failure.

¢ Households use several sources of water for drinking, cooking, bathing, and washing purposes. Based
on their responses, this percentage was calculated keeping in view that households using shallow aqui-
fersfor drinking and cooking purposes are likely to be at risk.
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Table 3 showsthe percentage of casesfound with variants of Arsenicosisamongst peoplewho
reported that they weresick from arsenic. Mot of theindividua swith arsenic-related diseases
report their diseasesto beinthe primary stage. Fifty seven percent of Sck individuas symptoms
related to conjunctivitis, 34.3 percent are suffering from Keratos's, 45.7 percent haverespiratory
problems and 46.4 percent peopl e havereported gastrol ogical problems. Thesefiguressuggest
that the extent of Arsenicossismuch moreseverethaniscommonly thought.

3.4  Empirical Mode

In order to estimate the margina willingness-to-pay for arsenic safewater givenin equation (3),
we need to estimate threefunctions. Freeman’s(1993) model providesthe basisfor estimating
adose-response function for sickness and two demand functionsfor mitigating and avertive

activities

Thedemand for mitigating activitiesisgiven by:

M* =M*(y,w, P, P,, R, AW, Hg , Hi) oo 4
Thedemand for averting activitiesisgivenby:
A* =A*(Y, W, R, P, Py, AW, Ho , Hi) e, (5)

The dose-response function for workdayslogst’ (S) is:
S=S(R, M*, A* AW, HS, Hi) .o (6)

Where, wiswageincome, y isnon-wageincome, P, iscost (price) of mitigating activities, P,
cost (price) of averting activities, Rislevel of arsenic contamination, Aw islevel of avareness, Hg
ishealth status, and Hi ishousehold characteristics. Mitigation activities, M, refer to actions
undertaken to reducethe effects of arsenic related sicknessand include medical expenses, fees
paid to doctors or pharmacists, and travel costs. Averting activities, A, include adoption of
different measuresto reducerisk to arsenic. Theseincluded switching the source of water to
another ‘safe’ surface or ground water source, harvesting rain water or using technologiessuch
asthethree pitcher method for purifying water.

Our survey datashowed that househol dswith arsenic affected patients did not have much of
either averting or mitigating expenses, probably dueto poor incomestatus. Consequently, instead
of uging continuousdataon mitigating or averting actions, weusehbinary variables. Thus, mitigating
activitiestakethevaue 1 if anindividua hasany medical expendituresand zero otherwise.
Smilarly, avertiveactivitiesareabinary variablethat takesthevadue 1 if theindividua undertakes
any avertive actionsand zero otherwise.

Only 82 individuals out of more than 3260 individual swith someform of sicknessreported
workdayslost (WDL) dueto sickness. Theactual number of dayslost was5.29 per year. Itis
possiblethat dueto poverty, perhaps, peoplecould not afford to abstain fromwork. Thusinour
empirical analyses, scknessisasotreated asabinary variable, whichtakesthevaueof 1if the
individual reported arsenic-rel ated sicknessand O otherwise.

7 Work days lost is equal to or less than the sick days.
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Theempirica modd of equation (3) for estimating margina willingnessto pay isthusmodified as
below:

MWTP, = w, xWDL, X P (S|AR) + M x P(M |AR) + 8, x P(S|AR)x P(A>0)/Z ...... )
= (A) + B) + ©

where P(SAR) isthe marginal effect or changein the probability of sickness(related to arsenic
poisoning) for anindividual dueto changesinthelevel of arsenic poisoning, AR isexpected
changesin the dose of arsenic poisoning in water; w is average wage of the adult working
population, WD L isthemeanworkdayslost, 1 isthemean mitigating expenditure per individua
when he/sheisaffected with arsenic related diseasesand P(M| AR) isthe changesin the probability
of incurring mitigating expensesdueto changesinthelevel of exposureat theindividua level. &,
istheestimated co-€efficient of averting expenseswhen theleve of arsenic changesand measures
themargina changesintheaverting expensesdueto changesintheleve of exposure; P(A>0) is
theprobability of taking averting measuresat the householdleve; the subscript i referstoindividua
member-based information; z refersto number of membersin ahousehold.

(A) w xWDL; x P (S| AR) measuresthemarginal impact intermsof incomelossdueto
changesinthelevel of exposureto arsenic (AR);

(B) MxP(M | AR) measuresthemargina effect on mitigating expendituredueto changes
inthe exposureto arsenic poisoning; and

(C) B, xP(S|AR)x P(A>0)/z measuresthemargina effect onaverting activitiesat

theindividua leve for changesintheexposure. Thefirst two termsmeasuretheeffect
on averting expenses dueto changesin exposureto risk.

4. Results
4.1 Estimating the Sickness Dose-Response Function

The probability estimatesin equation (7) are derived using aprobit model by maximizing the
following log-likelihood function.

L= (Y,LnF (X, B) + (L= Y, )LNL= F (X, B)) weeerrrerrrrrvermsneereereesrsseeeeeees (8)

wherex isavector of independent variablesand Bsarethe coefficients. x includesa) individua
level information such asage measured in years (AGE and AGESQ), sex measured asabinary
variable(SEX), and education measured inyears (EDUC); b) household wedlthindex (WINDEX);
and ¢) abinary variableindicating the presence of arsenicindrinking water (ARSCODE =1
means the tube well islabeled RED while O means the tube well islabeled GREEN). The
summary statisticsof thevariablesused are presentedin Table1and 2. F () isthecumulative
probability function for aprobit model. Y, =1if anarsenicrelated diseaseisprevaent and=0if
absent for i individual.
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Using theprobit modd , we determinethe margind effect dueto achangein the sourceof drinking

water (from RED to GREEN) 8 Themarginal effect AF = (F |uaeoope1) — (F lassope_o) STOWS

theeffect on changesin the probability of reducingincidence of an arsenic-rel ated diseasewhen
aRED source of water isreplaced by aGREEN source. Therefore, it measuresthe benefitin
termsof disease prevaence by switching the source of water toa‘ safe’ mode.

Table4 aso showsthat achangeinthe probability of sicknessisassociated with the age, gender
and education of theindividua. Sincearsenicisabio-accumulative element, the probability of
Arsenicosis increases with age up to 55 years for both men and women (see Fig. 3). For
femdes, themargind effect ishigher thanfor maesimplying that thereisalarger gainintermsof
reducing the probability of sicknesswhen awomen switchesfrom RED to GREEN source of
water. Intermsof the probability of sickness, themodel showsthat amale haslower probability
(by 0.86 percent) of getting sick thanafemale. Thisisprobably caused by a) the poor health
statusof thefemaleinapoor household; b) food habitswhere men often get morenutritiousfood
thanwomen.

Theestimated model further showsthat schooling yearsisnegatively related with the probability
of Sckness, i.e, higher theleve of educationlower isthe probability of getting sick (which could
be caused by moreawarenesslevel). Eachyear of additiona education reducesthe probability
of sicknessby 0.27 percent. Finally, theimpact of switching from RED to GREEN source of
water reduces probability of sicknessby 4.6 percent, by far thelargest gainintermsof reducing
sickness. Theseobservationsarevalid for householdsusing water from RED tubewel lsonly.

4.2 Measuring Risks by Disease

Arsenicosisisthefina stage of the disease arising out of drinking arsenic contaminated water for
alongtime. Thediseaseitsdlf isadow growth disease and itsmanifestation in the human body
variessignificantly dueto a) exposure; b) socio-economic and demographic characteristics of
theindividua; and ¢) cumulativeintake of arsenic contaminated water.

Tomeasuretherisksof these variants of disease, weuseaprobit model to estimate how much of
thisimpact could have been avoided if the affected peoplewere given arsenic-freewater. These
resultsare presented in Annexure.

For Melanosis, Table5 showsthat if GREEN source of water can beintroduced, then nearly 23
per 1000 persons could avoid the disease each year. If thereisadelay in providing GREEN
source of water inthe area, therewill bean increasein the number of patients (suffering from
Melanosis) by 28for every 10,000individuas. Similarly, for every oneunit riseintheindex of
wealth, number of patients could be reduced by 35in 100,000. There appearsto be no gender
dimensontothisdisease, which meansthe probability will not changefor either maleor femae.
Finally, Table5 also showsthat educational attainment could influencethe number of patients.
For Melanosis, every oneyear increasein thelevel of education reducesthe number of patients
by 213 for every 100,000 people.

&  For detailed derivation see Greene (2003, p 674).
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Table 5 showsthat thefamily benefitsthemost in termsof incidenceof dl thediseasesrelated to
arsenicinwater withanimmediate switchto GREEN water sources. Thenextimportant variable
for reducing incidence of variousdiseases comesfrom the cumulativeimpact of drinking water.
Hence, earlier the switchismadethe better off the popul ation would beinterms of incidence of
diseases. Education aso playsasignificant rolein termsof reducing theincidence of arsenic-
related diseases. Thegender aspect of thediseaseisonly visiblein casesof swelling of legsand
feet. For aman the number is 9/ 10,000 less than for awoman. Since we did not collect
information on death related to arsenic, thisanaysi sdoes not estimate the changesin probability
of death dueto Arsenicosis.

4.3 Medical Expensesfrom Arsenicosis

Mitigating activitiesinclude expendituresincurred dueto S.cknesswhen any individua member in
the household isaffected by arsenic-related diseases. 1nthesampleof 5563, only 88 reported
medicd expenditurerdated to arsenic, whereas 296 were suffering from arsenic-rel ated diseases.
Using the probit model, we estimate the probability of incurring mitigating expenditure dueto
exposure to arsenic. The estimated probit equation and the marginal effects are shown in
Table6.

Table6 showsthat the probability of incurring mitigating expensesisa so influenced by theage of
theindividual, thesquare of hislher age, andthelevd of arsenicindrinking water (ARSCODE).
It showsthat the probability of incurring health expenditurewill go up by 1.36 percent if the
water sourceturnsRED from GREEN. The co-efficient of Gender and Educeationisnot significant
but we kept these variablesin the equation in order to avoid errors due to dropping rel evant
variablesfromtheequation. InTable6 themargina value of AGE ispositive. Thisimpliesthat
theindividual’s probability of incurring medical expenditurewill increase with age or time.
Unfortunately, themarginal vaueof ‘ sex’ isnot significant.

4.4  Averting Expenditureat theHousehold L evel

Avertiveexpensesareincurred when adopting any dternative technol ogy to reducetheimpact of
contamination. Itisaprecautionary step on the part of the household and expensesare often
incurred at thehousehold leve rather than at theindividual level. Aftab, Hagqueand Khan (2006)
have shown that raising awareness on arsenic-rel ated health risks|eadsto adoption of averting
technologies.

In our study, only 196 households (out of 878 househol dsin the sample) adopted at |east one
typeof technol ogy (the choiceranging fromindividua level tocommunity leve interventions) and
reported operating and maintenance costs or ingtalation costsor both. Asaresult,amgjority of
thehousehol dsdid not haveany expenditure on averting technologies. Hence, whenweestimated
thedemandfor avertiveactivities, wefound no statigtica relationship with theadoption of averting
technology at the household level and type of well used. Wedid not usetheinformation onthe
avertiveactionsfurther while estimatingthe MWTP?

® Wewishtonotethat severa other typesof functional formsand variablesweretried in order to determine
the suitability of thisfunction. Inno case did we find ARSCODE to be statistically significant.
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45  WTPfor SwtichingWater Sour cefrom Red to Green

Usingthecdculaiongiveninequation (7), and thecoefficientsof the Tables 1 and 2, wecdculate
themean cost of illnessfor anindividual at Tk 170.51 or $2.89 per annum. Thisisequivalent
to Tk 1056.82 or US$ 17.91 per household per year. Thismeasuresannual willingnessto pay
for switching from RED to GREEN sourcesof water. Thisincludescostsintermsof a) lossof
incomedueto sickness(Tk 12.5 per annum for adults only) and b) mitigating expendituresfor
sick membersinthefamily (Tk 158.01 per annum®®). Table9 presentsthecomparativeanaysis
of WTPestimatesfrom different studies. Among them, the study of Ahmad, et al., (2002) is
most relevant. Thisstudy used the CV method to estimatethe WTPfor arsenic freewater at the
household level using either home connection or astand post. However, inthisstudy, wedid not
measure WTPfor any specific arsenic-freewater at thehousehold level.

Our estimate showsthat even when weinclude @) costsdueto lost working days, and b) cost of
mitigation during sickness, the cost islower than that estimated by Ahmad, et al., (2002). The
differenceisexpected given thefact that we usethereveal ed preference method of estimation
while Ahmad used the stated preference mode to estimate the cost of damage. Other studies
arenot comparable becausethe WTP questionisfor different purposes. However, we present
themin Table9to completetheillustrations.

46 WefareLossduetoArsenic Exposure

Asgtated earlier, mitigation of thisproblemwill ensurethe health and wellbeing of about 28-50
million peoplewho areat risk. Infinancial terms, asestimated from willingness-to-pay, thisis
substantia. We estimated that thetotal medica expenditurefrom arsenic exposureispotentially
intherange of 206.61 million to 368.94 million takaper year. Inaddition, therearecostsinthe
rangeof 350 millionto 625 millionintermsof workday losses. Thus, tota margina willingnessto
pay liesbetween 556.71 million takato 994.12 million takaper annum or nearly 0.6 percentof
theincome of the househol ds (based on an average per capitaincome of $480). Thismeansthat
if itispossibleto mitigatethisproblem using suitabletechnology thereislikely to beanet socia
gainof 9.44 t016.85million US$ per annum (see Table 10).

5. Discussion and Conclusions

Thisstudy has provided akey set of resultsin terms of risksand costsrelated to Arsenicosis
caused by drinking water from arseni c-contaminated sources. Wereiterate bel ow some of the
key findingsof thestudy.

Our sample showsthat the number of dayslost inwork dueto sicknessis’5.28 days per year.
Thus, most of the households did not report a significant number of workdays lost™* due to
arsenic-related diseases. Intermsof benefits, if ahousehold switchesto aGREEN source of
water, thenit could avoid only about $1 per year per householdintermsof work dayslost. This
low valueimpliesthat adult membersof householdscontinuetowork whilethey aresick. Itaso
reflectstheir low wageearnings.

10 SeeTable8
1 Only applicable for adult individuals of the household.
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An estimated 28-50 million Bangladeshisare at risk from arsenic-contaminated water. For a
population of 28 million peopleexposedto arsenicrisks, thisisequivaent of 6.92 millionworkdays
lost per year or a350 milliontakalossinincomefor affected individuas. For thehigher estimate
of 50 million peopleat risk, thisisequivalent of 625 million takalossinincome. Hence, 350
millionto 625 million takaisthetotal benefitintermsof avoiding workday |ossesby switchingto
GREEN source of water.

Giventherangeof population at risk, the equivalent savingsin terms of medical expenditure
avoided by switchingto GREEN source of water isbetween 206.61 and 368.94 million takaper
year. However, theprobability of ilinessriseswith age; therefore, thisestimateisalower bound
intermsof medical expenditure. Theactual cost will riseeach year astheincidence of sickness
will increase by nearly 4 for every 1000 population each year (see Table4).

Annual total willingnessto pay for switching from RED to GREEN sources of water istaka
1056.82 ($18) per household. Weestimatethetotal welfare gain from switchingto GREEN
source of water by the exposed population to avoid arsenic related disease to be between
556.71 millionto 994.12 million takaper year.

In terms of exposure to different diseases, switching to GREEN sources reduces the risk of
Melanosis, raindrop and Keratosisdiseases. A delay in adopting averting measuresincreases
therisksof Melanosis, Keratosis and raindrop syndrome.

Educationisanimportant tool inreducing therisk of Arsenicos sdiseasesin Bangladesh. Smilarly,
reduction of poverty isanother important policy variablewhich can aso successfully reducethe
risk of arsenic-related diseases. Consequently, poverty reduction and education should be
pursued asapolicy to reducetheimpact of arsenic poisoning.

Femadesarelikely to bemoreaffected by swelling of legsdisease. Thisisprobably becausethis
disease often goes undetected for alonger period of time sincewomen do not report to adoctor
intheinitial stagesof thedisease. Asaresult, we see morefemal e patientsinthiscategory.

Sincethestudy estimatesthe costsof arsenic exposure, it isuseful to seehow the costsof arsenic
exposure comparewith thecostsof mitigation. Currently, therearetwo typesof arsenic mitigation
optionsavailablein Bangladesh. Inthefirst category, there are community based mitigation
techniques, whichinclude arsenic andironremoval plant, pond sand filters, deep tubewdlsand
piped water supply. Thesemitigation optionsrequiretheinvolvement of ingtitutions (likeNGOs,
Government agencies, etc.) to bear theinitial cost of investment, which canrangefrom $2,000to
$240,000 for 100 households (see Table 12). Thedynamicsof establishing institutionsto run
these community-based mitigation optionsisnot s mple and needsto betakeninto consideration
when ng thefeasibility of suchinvestments.

Mitigation can a so be undertaken at the househol d level using varioustechniques such asthe
three pitcher method and use of Shapla or Sonofilters, etc. These optionscost between $4 to
$4250 (initia capita) plus $0.5 to $25 annually for operation and maintenance. Our study
suggeststhat thelessexpensive of these options, i.e., thosethat cost |essthan $18 annually may
be acceptable to householdsiif the initial costs are low or subsidized. The Government of
Bangladeshisyet tofinalize any specifictechnique assuitablefor al households. Onefactor that
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should betaken into account in making any such decisionishousehold willingnessto pay for
mitigation. Clearly, the costsof mitigation, if they areto beacceptableto househol ds, should be
lessthan the costsincurred by exposureto arsenic.

Arsenic poisoning isamgor public health concernin Bangladesh. However, much of thesocia
and economic story of arsenicisunknown. Peopledrinking from the samewater sourcefor the
sameperiod of timemay not be affected smilarly because of their health and hygiene sandards.
Peopl e of the same agetoo are not affected similarly because of differencesin body massand
food habits. Asaresult, the challenge can be said to contain both social aswell as strictly
medica dimensionswhenit comesto seeking remedies.

The costs of arsenic contamination arelarge and therisksvary by socio-economic categories. In
theabsenceof thiskind of detailed information, identification of causesmay bedifficult anddl the
causes could be lumped together into one cause—arsenic contamination. Or al the solutions
could bemerged into one, i.e., improving thewater quality. Such aquick fix, wepropose, is
neither efficient nor desirableto society.

6. Acknowledgements

This study has been conducted with financia support from the South Asian Network for
Development and Environmental Economics (SANDEE). | am grateful to my Supervisor
Professor A K Enamul Haguefor providing intellectua and technicd inputs, Dr PriyaShyamsundar
for her meticulousreading of the querieson several drafts, and asoto Dr. Sgjjad Zohir for his
insghtful commentsthroughout the study. Thefeedbacksand thecommentsof resource persons
Jeff Vincent, Maureen Cropper, PriyaShyamsundar, M N Murty and othersof SANDEE have
enriched the study at various stages. | am thankful to Mr Prashant and Mr Rahman for their
encouragement at theinitial stage of conceptuaization of thisstudy. | wouldasoliketo express
my thanksto the SANDEE Secretariat, especialy Mr Manik Duggar, MsAnuradhaKafleand
MsKavitaShrestha, for their encouragement and support during different stages of thisstudy.

SANDEE Working Paper No. 27-07 13



14 SANDEE Working Paper No. 27-07



Refer ences

Abdala, CW, B A Roach, and D J Epp (1992), “ Vauing Environmental Quality Changesusing
averting Expenditures. An application to groundwater Contamination,” Land Economics, Vol.
68 (May): 163-69.

Aftab, Sonia, A K Enamul Hagque, and M Zakir Hossain Khan (2006), “ Adoption of Arsenic-
Safe Drinking Water Practicein Rural Bangladesh: AnAverting Behavior Model”, Journal of
Bangladesh Sudies, Vol. 8, No. 1: 48-59

Ahmad, M F and C M Ahmed, (2002), Sudy on Area Wise Concentration of Arsenic in
Bangladesh, Dhaka, ICDDRB, 2004.

Alberini A. and Krupnick A. (February, 2000), Cost-of-11lenssand Willingness-to-Pay Estimates
of the Benefitsof Improved Air Quality: Evidencefrom Taiwan, Journal of Land Economics,

76(1): 37-53

AsiaArsenic Network Report, 2004 (www.as aarsenic.net).

Bangladesh Arsenic Mitigation Water Supply Project, ajoint World Bank-Government of
Bangladesh project (2000).

Department of Public Health and Engineering (DPHE) Bangladesh (2005), “ Supplying Safe
Water and Prevention Arsenic”.

Dickie, M and SGerking (1991), “ Vauing Reduced Morbidity: A Hedlth Production A pproach,”
Southern Economic Journal, Vol. 57, No. 3: 690-702.

Freeman, A M I11 (1993), The Measurement of Environmental and Resource Values: Theory
and Methods, Resourcesfor the Future: Washington, D. C.

Gerking, Sand L Standly (1996), “ An EconomicAnaysisof Air Pollution and Hedlth: The Case
of St. Louis,” The Review of Economics and Satistics, Vol. 68, No. 1:115-21.

Smith, Allan, M L Biggs, and L Moore (1999), “Cancer Risks from Arsenic in Drinking
Water: Implicationsfor Drinking Water Standards”, Ar senic Exposure and Health Effects, Ed.
W R Chappell, CO Abernathy and Rebeccal Caderon, Proceedingsof the Third International
Conference on Arsenic Exposure and Health Effects, 1998, San Diego, Cdifornia

Smith, AH, EOLingasand M Rahman (2000), “ Contamination of Drinking Weater by Arsenicin
Bangladesh: A Public Health Emergency,” Bulletin of WHO, Vol. 78:1093-103.

SANDEE Working Paper No. 27-07 15



The National Institute of Preventive and Social Medicine (NIPSOM) (2001), The study on
Arsenicosis patients, NIPSOM, Dhaka, Bangladesh.

Tolley, G and R Fabin (1994), “ Future Directionsfor Health Value Research”, Valuing Health

for Policy, Ed. G Tolley, D Kenkel and R Fabian, University of Chicago Press: Chicago,
USA.

16 SANDEE Working Paper No. 27-07



TABLES

Table 1: Household Level Information

Household Information Mean
Wealth index'? 5164
Family size 6.33
Family size (adult >= 14 years) 453
Technology adoption (averting) 1983
Cost of technology (averting) 3217
Medicarebills (annual) 11618116
Operation and maintenance cost (averting technology) 1304
Participationin NGO activities 3200
Highest educational achievement in the family 94
Percent of families reported sickness 19.36

Percent of families drinking water from shallow aquifer sources  86.23

D
1240

040

3271944

7844
7553
071
31
040
0.345

N=878 Remarks
index
Number of persons

Percent

Taka

Takaper year
Takaper year
Percent

Years of schooling
Percent

percent

Source: Survey Data.

2. Based on the information found in the survey, the study also constructed a we alth index for each

household using construction of HDI by UNDP.

43 .
D a; —min(a;)
1

X
max(a;)—min(a;)

100

where, j refersthat the holding of i number assets (a) and al = 1if theith household hasthe " asset, and
0=otherwisei =1,2,3, ... mrepresenting households, andj =1,2,3, ... nrepresenting the assets available
at the household. The minimum of @' means holding by jth household of the lowest number of i assets.
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Table 2: Individual Level Information

Individual L evel | nfor mation Mean SD N =5563Comments
Age 2749 20251 Years
Gender 50.40 percent Mae
Education 517 4150 Years
Percent mitigating r21 Percent
Sick days (nonworking days[WDL]) 529 2016 Days per year
Melanosis (incidence) 352 Percent
Keratosis (incidence) 277 Percent
Conjunctivitis (incidence) 176 Percent
Inflammation of RT (incidence) 187 Percent
Hypo-pigmentation (incidence) 288 Percent
Hyper Keratosis (incidence) 110 Percent
Non-pitting Edema (incidence) 043 Percent
Liver and Kidney failure (incidence) 0.068 percent

Source: Survey 2005

Table 3. Distribution of Arsenic Related Diseases among Sick Households

Different Arsenic Diseases  Arsenic-Related Diseases Per cent of Cases
Primary Stage Melanosisor black spotsin thebody 8.6
Keratosis or thickening of the palms and soles A3
Redness of the eye or Conjunctivitis 53.6
Inflammation of the respiratory system 457
Gastrointestinal problem 464
Secondary Hypo-pigmentation or whitespots 5.7
Stage Hyper-Keratosis or nodular growth 15
Swelling of the feet and legs 121
Peripheral Neuropathy 171
Liver or kidney disorder 71
Tertiary or Gangreneof thedistal organs 3.6
Fina Stage Cancer of the skin, lung or urine 29
Liver or kidney failure 21

Source: Survey 2005
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Table 4: Estimating the Probability of Sickness (Probit Model)

Coff Sderror z-value Marginal effect Sderror

AGE 00516074  0.0053757 96 o 0.0041361 00004057 ***
AGEXQ -0.0004610  0.0000634 -1.27 il

EX -01049217 00610308 -1.72 * -0.0085767 0.0049977 *
EDUC -003370%4  0.0076790 -4.39 il -0.0027508 00006418  ***
ARSCODE 04561030 0.0630928 123 e 00467376 00077768 ***
CONSTANT -25410500  0.1121453 -22.66 *x

NOTE: * means significant at 10% level, ** means significant at 5% and

*** means significant at 1% level.
Number of observations= 5554, LR chi-square (5) = 240.28,
Prob > chi-square = 0.0000, Pseudo R?=.1039 Log Likelihood = -1035.6753

Table 5: Praobability of Reducing Health Impacts by Supplying Arsenic Free Water for
Different Arsenic-Related Diseases

DissaseName  Reductionin Increasein Reduction in Gender Reduction in
Number of Number of Number of Sensitivity of Number of
Patientsif Patients for Patients by Arsenicosis:  Patients through
GREENWaer  Every Year of Reducing Education
Sources were Déeayin Poverty (for each
Available Switching schooling year)
Water Source
toGREEN
Primary Sage
Melanosis -23/1000 28 /10,000 -35/100,000 -213/100,000
Keratosis -15/1000 23/10,000 -24/100,000 -198/100,000
Conjuctivitis -13/1000 12/10,000 -16/100,000 -127/100,000
Inflammation -9/1000 15/10,000 -14/100,000 -126/100,000
of respiratory
tracts
Secondary Stage
Raindrop -25/1000 22/10,000 -26/100,000 -13 / 100,000
syndrome
Hyper Keratosis -10/1000 9/10,000 -9/100,000 -62/100,000
Swelling of -2/100,000 7/10,000 -3 /100,000 -9/10,000 -9 / 100,000
legs and feet women
NOTE:  Calculation by the Author of this paper based on Probit equations
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Table 6: Estimating Probability of Incurring Medical Costs (Probit Estimates)

Coeff Std error z-vaue Marginal effect Std error
AGE 0.044283 0.008252 537 il 0.001092 00001850  ***
AGESQ -0.000355 0.000001 -3.89 *x
EX 0.053080 0.093393 057 NS 0.001331 0002344 NS
EDUC -0.031557 0011711 -2.69 *Rx -0.000791 0000306  ***

ARSCODE 0409407 0.094356 434 HE
CONSTANT  -3.113758 0.188855 -16.49 FHE

0.013621 0003980 ***

NOTE: * meanssignificant at 10% level, ** means significant at

5% level, and *** means significant at

1% level, NS means not significant. Number of observation= 5554, LR chi-square (5) = 92.03,
Prob > chi-square = 0.0000, Pseudo R?=.1018, Log Likelihood = -406.03703

Table 7: Calculation of Cost of Illness or Welfare Gain

Indicators Estimated Value Comments
Average wage 50.623 Weighted Average of Wages
Average sick days loss per individual per year 5.289 Days per year
P(SDR) 0.0467 Coefficient from Table4
Mitigating expenditure 11,618.12 Per year
p(m|DR) 0.0136 Coefficient from Table 6
Aver exp -
p(A>0) 0.0524
Table 8: Lower Bound of Willingness to Pay to Avoid Arsenicosis
Lower Bound of WTP Lower Bound of WTP
(InTk) (InUS$=Tk 59)

Individual per annum 170.51 289
Loss on income due to lost work days 1250 021
Mitigating Expenses 15801 268
Household level expenses 1056.82 1791
Loss on income dueto lost work days 56.64 0.96
Mitigating Expenses 1000.18 16.95

Source:  Calculation done by the Author

NOTE: Averting expenditure is not included since it has not been found statistically significant.
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Table 9: Comparison of WTP from Other Studies

Issue for WTP M ethod/A pproach Value per Household Source
per year
WTPfor arsenic free Cost of Illness Taka 1056.82 or This study
water (Workday loss + ($17.91

Mitigation expenses)
(per household)

WTPfor Arsenic Free Contingent valuation Taka2,831.000r JK Ahmad, XK, et. al.,
DrinkingWater inRural  method(home ($48.27) (2002

Bangladesh connection)

WTPfor urbanclear air  Contingent valuation Takal572or ($26.73) Ahmad, XK, et. al.,

in Kanpur, India (standpost) (2002

WTPfor faecal coliform  Cost of illness Rs850.97 ($21) Gupta, Usha(2005)
freedrinking water in Cost of illness Rs1094.31 ($26) Dasgupta, P (2005)
Delhi, India

Table 10: Total WTP or Welfare L oss of Bangladesh

Extentof  Population Probable Tota WDL Mitigating  Welfare Welfare Loss
Affected are at Numberof Numberof  (million  Expenditure Loss (millionUS
RISK in People  Sick Days Taka) (million (million 9
Bangladesh Affected (InMillion) Taka) Tk)
(InMillion)  (InMillion)
@ @ ©) O] © © U] ®
LOW 2 13076 6.92 35010 20661 556.71 9.44
AVERAGE b 16345 864 437.62 25826 695.89 1179
HIGH 50 2336 1235 62518 36394 994.12 16.85

Calculation Notes:

Col 3= P (S| 4R) xCoal (2) whereP (S| AR) = 0.0467 [equation 8.1]

Col 4= Mean [WDL] x Cal (3), where mean[WDL], Table 2, row 6.

Col 5= Col 3 x mean[WDL] x Mean[wage], mean[wage=50.62%]

Col 6 = Mean [Medical expenses] xP (M| AR) xCol 3, where Mean[Medical exp] from Table 2, row
4, P(M| AR) from Equation 9.1.

Col 7= Col 5+ Col 6

Col 8= Col 7/59 where 1 US$=59 Taka at the time of survey.

13 Calculated using weighted average for manufacturing, agriculture and construction wage rates from
national labor survey
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Table 12: Unit Cost of Different Types of Arsenic Removal/Mitigating Technologies

Name of Type Capital Cost/ Operation and Unit Cost*
Technologies Unit Maintenance (Family/Year)
(USD) Costs (USD)

Sono 45-25Filter Household 13 05t0l15 14
ShaplaFilter Household 4 1 15

SAFI Filter Household 0 6 46

Bucket Treatment Household 6t08 5 )

Unit

Sidko Community 4250 10 66.67

(75 Househol d)

Alternative water supply

Iron-Arsenic Community 200 1 2
Removal Plant (10 Househol d)

Rain Water 0 5 0.151
Harvesting

Deep Tube Well 120 4 0.151
Pond Sand Filter 17 15 0.161
Dug Well 102 3 0.256
Piped Water 5872 800 0.375
Supply

Arsenic Removal 6000 Household 240000 1-15 4000
Unit for Urban

Water Supply

Source:  worldbank.org/INTSAREGTOPWATRES Resources/Arsenic\Voll1_Paper| V.pdf
Note: * calculation by author.
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FIGURES

Figure 1: Distribution of Tube Wells with Arsenic Levels
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Figure 2: Wealth Index of the HH
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Figure 3: Marginal Effect by Age
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APPENDIX

HH Survey Questionnaire
Economic Research Group (ERG)

And

Department of Economics, North South University

SANDEE Sponsored Research Project

on

“The Economic Cost of Arsenic Contamination in Drinking Water and
an Analysis of Coping Strategies for Averting a Social Disaster -

Palicy Options for Bangladesh”

1.1.1.1. Information on the Survey Area and Respondents

Sudy Thana Union Village Name of theHead of HH :
Code '
TW As(Mg/L) Name of the Respondent: Rd. withHH
DPHE card 1=Yes, 2 =No Date
VillageName: Name of the Investigator:
Ward/ MouzaNo : Date of Survey:
Union: Location of the Homestead:
Thana:
Digtrict: Name of the Supervisor Signature

1 = Respondent Self, 2 = Husband/ Wife, 3 = Brother / Sster, 4 = Son /Daughter, 5 = Uncle /Aunt,

6 = Grand father/ Mother, 7 = Others
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QL. (i) Number of the members of the HH: Total —— (ii) Male:
(iii) Female :
Age Sex Marital Educational | Work Collects
(Years) Status Attainment | Status or
1 Mae * brings
2 Female water
Member Relation- | for HH
1D ship with use
Name of Height | Weight the head of
the (Inch) | (kg) (Class HH
Members 1=Never passed/
(1,3,5..... Married compl eted)
Male; 2 = Married
2,4,6,..... 3 = Widow / 1= VYes
Female) Widower 2 =No
4 =Divorced
5 =Separated
1 Respondents
own
2 Respondents
own
Relationship withtheHH
1=  Parents 5= Son/Daughter in Law 9= Grandchild
2= Husband/Wife 6= Cousin 10= Not related/ other
3= Brother/Sister 7= Nephew/Niece
4= Uncle/Aunt 8= Grandfather / Mother
Education:*
1-9 Classl-IX; 12 HSC/ Equivalent; 15 M edical/Engineering;
10 SSC/ Equivalent ; 13 Alim/ Equivalent
n Dakhil /Equivalent; 14 Graduate/ Equivalent ;
Work Satus: 5= HH +(cash) income-earning
1= Disabled/Children/Unable; activities ;
2= Student / with casual participation; 6= HHonly;
3= Student with active participation in =  Unemployed,
productive works; 8 = Others
4= Engaged in HH productive works;

SANDEE Working Paper No. 27-07
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Q31 Information on HH Assets:

For Personal Consumption Purpose

Name of the Assets Assets Code | Do You Hold this Asset?
1=Yes 2=No
Personal living house (Excluding land) 311
Bigtree 312
Bucket/Lota/Goti 313
Stove/ Heater/Gas burner 314
All cooking materials (metallic) 315
Bed / Khat/ Native bed (Chowki) 316
Chest of drawer/ Showcase/ Meat safe/Cloth rag or Alna 317
Table/ Chair/ Bench or Tool 318
Fan/ Electric Iron or Calendar 319
Radio/ Cassette Player/CD Player 3110
Wall clock/ Wrist Watch 3111
TV/VCD 3112
Freezer 3113
Ornaments (Gold/ Silver) 3114

List of the Productive Assets (For Earning Purpose)

Name of the Assets Assets Code | Do You Hold this Asset?
1=Yes, 2=No
Sewing machine 3115
Bi-cycle 3116
Rickshaw / Van 3117
Motor cycle 3118
Mobile Phone / Land Phone 3119
Hand Pump/ TW 3120
Paddy (Current storage) 3121
Rice (Current storage) 312
Floor/ Wheat (Current storage) 3123
Domestic animal  (For personal use) 3124
Duck/Hen/Bird (For personal use) 3125
Other ( ) 3126
Other ( ) 3127
Other ( ) 3128
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Name of the Assets Assets Code | Do You Hold this Asset?
1=Yes,2=No
Sewing machine 3129
Rickshaw / Van 3130
Mobile phone / Land phone 3131
Fishing net 3132
Electriciron 3133
Hand pump/ TW 3134
Irrigation equipments 3135
Boat 3.136
Cattle 3137
Duck and hen 3138
Other agricultural equipments 3139
Other vehicle 3140
Charcoal machine 3141
Others( 3142
3.3 Ownership of Different Water Sources
Current For how long | Prior Source | Ownership
No. of Years | Ownership | the current
inUse Pattern ownership is
prevalent
Nameof the | Sources of 1Govt. 1Govt. 1Govt.
end-uses End-Uses 2NGO 2NGO 2NGO
(Code*) Years 3 Community InYears | 3Community | 3Community
4 Persona 4 Persona 4 Persona
5 Ingtitution 5 Institution | 5 Institution
and others and others | and others
Drinking
Washing
Bathing
Cooking
Irrigation
Others
(Gardening,
and others)
Sources: 5 = Deep tube-well 11= Household filters
1= Shallow tube-wells / 6 = Dugwells, 7= Pond ; 12 = Mineral water
Hand pumps 8 = Pipeline supply water. 13= Purifying water through

2= Community owned filters
3=ARP's 4 = Tubewdl

9= River

10 = Rain water harvesting;

SANDEE Working Paper No. 27-07
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Water Related I nformation

Q 4. Do you follow any purification method?
1 Yes
2 No>>8.1
Q5. Why are you purifying the water ?
Serid No. Reasons 1=Yes2=No
1 Arsenic Free
2 Bacteriafree
3 Ironfree
4 Any other free
Q 6. Water Purification Methods
1 Yes
2 No>>
o InTk. Length of Drinking
] Water S]Z)rom Same
. urce
S. No. Different Methods Money Spent
D.O VeI Initial Recurring | BeforeSick | After Sick
it removes
ASBNIC? | 11/ Month | Tk Month| How many | How many
Years? Years?
1 Bailing
2 Filter : Cartridge Candle
3 Filter : ironfilter
4 Digging deep tubewell
5 Treating with chemicals
6 Storage
7 Digging dug well
8 Alum
9 3 Pitcher method
10 Others ( )
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Q7. Different Uses of Water and Related Information

Quantity of Water Used
Collection Cost per HH per Day
In liter/bucket
Sﬁgj End Uses Tk./ Month Generd
Initial Recurring Before Sick After Sick
Tk./ Month | Tk./ Month How many How many
Years? Years?
1 Drinking Dry season Wet season Dry season | Wet season
2 Cooking
3 Washing utensils
4 Bathing
5 Irrigation/Gardening
6 Animal washing
7 Others

Coping Behavior towards the Adoption of Alternative Technologies

Q 8. If the main sources of water is tube-well then has the dangerous level of arsenic
been identified in drinking water of your tube-well?

1 Yes
No
3 Unknown
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Qo Information on the Presence of Arsenic in Different Sources of Water
Serid Is this source Who informed you?
no. All Sources of Water arsenic or
otherwise ontaminated?
1=Yes 1=DPHE(GO)
2=No 2=LGRD (GO)
3= Do not know 3=NGO
4=Media
5=Relatives/
Neighbors
6 = Others
1 Community Owned Filters
2 Oxidation/ Iron Filter
3 Arsenic Removal Plants (A.R.P's)
4 Purifying Filter of Shallow Tube-
WEells/ Hand Pumps
5 Deep Tube-Well
6 Dug Wells
7 Pond
8 Supply Water
9 Rain Water Harvesting
10 HH Filter
n Mineral Water
12 Pond Sand Filter
13 Storage

Q10.1 Have you adopted any alternative technology for averting purpose?

1 Yes>>10.3
2 No
32 SANDEE Working Paper No. 27-07




Q 10.2 Reasons for not Adopting Any Technology

Seid
No

If answer is No, then what
type of technological
aternatives you choose?

What are the reasons for not
using the specific technologies
(Codesin Below **)

Future
choices for
technology

o

-POOI\)I—‘Z

B R R B © o N~ o w»

N

1Yes 2No>>Q(lIl)
Community Owned Filters
Oxidation/ Iron Filter

Arsenic Removal Plants(A.R.P's)

Purifying Filter of Shallow
Tube-Wells/ Hand Pumps

Deep Tube-Well

Dug Wells

Pond

Supply Water

Rain Water Harvesting
HH Filter

Mineral Water

Pond Sand Filter
Storage

Other ( )

1= Shortage of money

2= Not available in the market

3= Do not know the effectiveness

4= Extent of sickness is not significant

Not easily manageable
Lack of GO activities to make aware
Lack of NGO activities to make aware

Others
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Sickness/Arsenicosis Related I nfor mation

Q 11. Isany member suffering from arsenic contamination?

Yes

No

3 Unaware

Q 12. Has any one died in the household due to arsenic poisoning?

1 Yes

2 No
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14. Information on Sickness due to Arsenicosis and other Diseases (In last 3 months)
How many days he/ s e Cannot Work /No. of |
istory of Major Diseases Working Days Lost ncome
RE G LRI GlUE or Present Health Status* Lost
to sickness
Arsenicosis ‘
Member
ID. - Other Number _
MESTERES | o of Codes of the Chronic el Amount in
Chronic Diseases ** y Tk./ Month
Days/Month Diseases
15. Information on Arsenic Mitigation and Transportation Expenditures
(last 3 months):
15.1 Allopathic
If yes, then Monthly expenditure for Medicare
Whether
Diseases Consulted Sources of
a Domicile Hospital Expenditure
Member Doctor (InTk.)
ID.
1 Arsenicosis 1Yes Numper | Doctor Treatment | Transport Doctor Treatment | Transport
visit Fee Visit Fee Code **
2 Others 2No Visits (InTk) (InTk.) (InTk.) (InTk) (InTk.) (InTk.)
**1= Borrow 7= Eree care
2 Using the cash and mobilizing savings 8= Micro-credit _
3= Suspending expenditure (Eg. Education) 9= Eating less in terms of quantity
4= Sale of livestock / assets 10= Support from Community
5= Income diversification n-= Others
6 Cut back on purchase of non-essential products
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15.2

Homeopathic/Her bal

If yes, then Monthly expenditure for Medicare
Whether
Diseases Consulted Sources of
a Domicile Hospital Expenditure
Member Doctor (InTk.)
ID.
1 Arsenicosis 1Yes Nug ber V?S%Ctlg:e Treatment | Transport Vl:i)gf t:ere Treatment | Transport Code **
2 Others 2No Visits (InTk) (InTk) | (InTk.) (InTk) (InTk.) (InTk.)
**] = Borrow; = Cut back on purchase of non-essential products;
= Using the cash and mobilizing savings, 7= Free care;
3= Suspending expenditure (Eg. Education); 8= Micro-credit
= Sale of livestock / assets; = Eating less in terms of quantity;
5= Income diversification; 10= Support from Community;

Q

16.

Awareness related information

Have you got the What are the color

Have you been drinking

If *Yes then what are the reasons

DPHE card on the codes of the water from the ‘red
information of test tested TW? marked TW? (Codes)
result of TW
1=Yes 1=Green 1=Yes
2= No 2=Red 2= No>> Q.17
3= Non-specified

**

1=

4=

Do not know the effect of the red tube-well
Safe sources of green tube-wells are far away
Not possible to travel far away due to sickness
Refused to collect water from the neighbors

Poor relationship with the neighbor or egoistice behavior
Not one available to fetch the fresh water

The taste of water are good

The extent of sickness of the HH are so low

Other * (Please specify-)

Q 17. Where did you heard about arsenic poisoning?
Seria No. Medium Code (Seria)
1 DPHE survey
2 DPHE card
3 TV / Radio
4 Newspaper
5 Govt. Heath worker
6 NGO Worker
7 School/College
8 Others (Specify- .....ccvereereucenennes )
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Q 18. Information on NGO Activities for Awareness Purpose

Is there any arsenic related What type of awareness Have any HH member
NGO activity? programs they have? participated?
1= Yes, 1= Training 1=Yes
2= No 2= Raly 2= No
3= Group meeting
4 = Poster and flyer
5= Others
Q 19. Information on Social Stigma (only for women now residing with HH)
) Due to Arsenicosis Existence of Social Stigma Related to Marria
Marital Status* If Divorced or Separated then -
Member
1D ) Amount of Reasons are -
COd‘i* When d'd7y°” Dowry Paid Year 1 ‘Arsenicosis
Below marry (In'Tk.) 2 ‘Other
(1 Social Stigma due to Arsenicosis of the Affected HH
Member What following types of stigma are you facing due to Arsenicosis? (Code below*)
ID

1 = Refused water collection from the neighbors 5 =
2 = Eligible persons are refused jobs
3 = The affected are avoided in social activities 6=

4 = Wth advancement of the diseases, patients

become unemployable

Affected young women being compelled to
stay unmarried ;

Marry another due to presence of
Arsenicosis in the body of first wife;

Other
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