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1. INTRODUCTION 

 
 1.1 Background and Rationale 

 
 Diarrhoeal diseases kill an estimated 1.8 million people each year (WHO 2005). Among children 
under five years in developing countries, diarrhoea accounts for 17% of all deaths (United Nations 2006).  
Oral rehydration therapy has dramatically decreased the mortality associated with diarrhoea, but has had 
little effect on morbidity estimated to be approximately 4 billion cases per year (Kosek 2003). With 
continued high attack rates, diarrhoeal disease is also an enormous economic burden, resulting significant 
direct costs to the health sector and patients for treatment as well as in lost time at school, work and other 
productive activities (Mulligan 2005).   
 
 The infectious agents associated with diarrhoeal disease are transmitted chiefly through the 
faecal-oral route (Black 2001).  An estimated 94% of the diarrhoeal burden of disease is attributable to the 
environment, and associated with risk factors such as unsafe drinking water, lack of sanitation and poor 
hygiene (Prüss-Üstün & Corvalán 2006). While conventional interventions to improve water supplies at 
the source (point of distribution) have long been recognized as effective in preventing diarrhoea (Esrey 
1985, 1991), more recent reviews have shown household-based (point-of-use) interventions to be 
significantly more effective than those at the source (Fewtrell 2005; Clasen 2006).  As a result, there is 
increasing interest in such household-based interventions.   
 

However, the extent to which such interventions are ultimately deployed to reduce the burden of 
disease will not be determined on their effectiveness alone.  It will also depend on their cost.  With 
limited resources, particularly in developing countries, governments are forced to allocate health 
expenditures to an array of public health challenges.  NGOs must do the same in order to satisfy donors of 
the responsible use of their funds.  Even interventions such as insecticide-treated nets that have shown the 
potential for commercial or quasi-commercial (e.g., social marketing) distribution often require public 
expenditures to promote basic health messages, awareness of the intervention, and continued and 
appropriate use.  The use of purely commercial products that also have a health impact, such as soap or 
insecticide treated nets, is also effectively rationed by the cost that consumers can afford to pay for it. 

 
 While public sector decisions on health expenditures are often based on political commitments or 

other expediencies, economic efficiency, by definition, requires that resources be directed to their most 
productive use.  In the health context, such allocative efficiency means “assessing which intervention will 
produce greatest health gains for a given investment of resources, and focusing on that activity” (Witter 
2000).  This implies more than cost; the lowest cost intervention is seldom the most effective.  Thus, 
economic evaluation is normally a function of both the cost of the intervention and the return on that cost, 
measured either in terms of overall economic benefits (a “cost-benefit analysis” or CBA) or in the 
realization of a social objective, such as the prevention of disease (a “cost-effectiveness analysis” or 
CEA).   In a CBA, all of the outcomes of the investment are valued in economic terms, and the output is 
expressed as a return on the investment.  The output of a CEA is a ratio (the cost-effectiveness ratio) 
between the cost of the intervention and a operational outcome measured in its own units.  For health 
interventions, a common unit of measurement is healthy life years (HLYs) gained or deaths or disability 
adjusted life years (DALYs) averted as a result of the intervention.    

 
Traditionally, economic evaluation of water and sanitation interventions has focused on 

infrastructural improvements--mainly construction of facilities to improve water supplies and excreta 
disposal.  Owing to the high cost of such improvements, such water and sanitation interventions carried 
costs per death averted of US$3600, well above the US$200 to US$250 for an intervention such as 
primary health care (Walsh 1979). Briscoe (1984a) argued that the methodology being used was 
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misleading, since it employed gross rather than net costs and underestimated the health impact.  Varley 
and colleagues (1998) also challenged this approach, arguing that the benefits associated with such 
infrastructural improvements in water and sanitation were beyond health, and thus that the health sector 
should not be charged with the full cost or responsibility of such “hardware” interventions.  Their analysis 
found that improved “software”, including project design, hygiene education and water quality regulation, 
were cost-effective approaches for controlling childhood diarrhoea.  However, when interventions to 
improve the microbial quality of water—all of which involved hardware expenditures—were added to the 
analysis, they were in fact cost effective, since their ratio was below the US$150 per DALY averted then 
prescribed by the World Bank as upper limit of cost-effectiveness (World Bank 1993).   

 
   In its 2002 World Health Report, the WHO assessed the cost-effectiveness of interventions to 

increase coverage of water and sanitation services.  It concluded that the most cost-effective strategy was 
the provision of disinfection capacity at the point of use—a combined hardware and software intervention 
not evaluated by Varley and colleagues (WHO 2002).  A CBA analysis of water and sanitation 
improvements came to the same conclusion:  while all of the interventions were found to be cost-
beneficial, the combination of high health improvements and low incremental cost suggests that 
household water treatment and safe storage may offer the highest return on investment among 
interventions to improve water or sanitation (Hutton 2004).  This was true even though household-based 
water treatment did not provide the benefit of time savings associated with improved water supply.  The 
principal benefits from household water treatment are health related—reducing patient and health system 
costs by preventing water-borne disease. 

 
However, the foregoing analyses had certain shortcomings that their authors themselves 

acknowledged.  First, the reliability of any tool of economic evaluation depends largely on the accuracy 
of its inputs, namely effectiveness in preventing disease and cost of implementation.  Varley and 
colleagues (1998) based their analysis on a limited number of disparate health outcome studies, and the 
WHO CEA based its estimate of effectiveness on household-based chlorination (Quick 1999, Quick 
2002).  The Cochrane review described below provides perhaps the best available evidence on the 
effectiveness of such interventions and will form a more reliable basis on which to estimate the 
effectiveness of interventions in a CEA.  Second, Varley excludes the hardware component from its cost 
analysis, arguing that it is not properly borne by the health sector.  The cost estimates for the WHO 
assessments, on the other hand, were based principally on the hardware component of the home water 
chlorination method, and did not assess the full programmatic cost of implementing the intervention 
(Haller, personal communication).1  A comprehensive analysis would include all costs associated with an 
intervention, including hardware and software.  Third, Varley does not address household-based 
interventions whatsoever, and the WHO analyses include only home-based chlorination.  As the Cochrane 
review shows, we now have a number of studies providing effectiveness data from at least three other 
means of household water treatment that Sobsey (2002) deemed promising:  filtration, solar disinfection 
and combined flocculation/disinfection.  Finally, like all CBAs, the Hutton (2004) assessment required 
certain assumptions about the valuation and magnitude of the time saving from improved water supplies 
that the authors acknowledge are not always evidence-based.      

 
 This cost and cost-effectiveness analysis attempts to build on these previous analyses and provide 
a more accurate assessment of the cost-effectiveness of interventions to improve water quality for the 
prevention of diarrhoeal disease.  First, effectiveness will be based on the results of the systematic review.  

                                                 
1 While Esrey and colleagues (1985) were charged with estimating the cost-effectiveness of water and sanitation 
interventions as part of their analysis, they ultimately declined to do so, partly because of the inability to value the 
multiple benefits derived from such interventions but also because of the lack of reliable data on the costs of 
software support (e.g., promotion of community participation, hygiene education) and of apportioned institutions 
overheads.  Like other assessments, their cost data included only hardware costs. 
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Second, cost estimates are based on a more comprehensive assessment of costs using a methodology now 
followed by the WHO for assessing the cost-effectiveness of health interventions generally.  Third, the 
analysis will include each of the four leading approaches to household-based water treatment.  However, 
since policy makers are not simply choosing among this group but between these and conventional 
source-based improvements in water supply, the analysis also includes three of the leading approaches to 
such source-based interventions as well (tap stands, bore holes and dug wells).  Finally, by following the 
cost-effectiveness approach and reporting the results in terms of DALYs averted for each dollar invested, 
this analysis does not need to speculate on the economic valuation of other possible benefits of the 
interventions as with a CBA.  At the same time, by reporting more detailed cost information for each 
category of intervention, it provides the basis for a more comprehensive, if not more accurate, CBA.   
 
 1.2. Economic evaluation and cost-effectiveness analysis 
 

In recent years, the economic evaluation of health interventions has become an important area of 
inquiry and analysis.  Leading institutions have refined methods and developed guidelines for the conduct 
of CEAs (Drummond 1996; Weinstein 1996; Murray 2000).  In re-examining its own approach, the WHO 
undertook various studies, including an assessment of the major considerations respecting the cost-
effectiveness of environmental health interventions (Hutton 2000).  Among the findings of that 
investigation were the alarming lack of CEAs with respect to environmental interventions and the failure 
of health ministries to consider the costs and benefits of such interventions in setting policy.  That study 
also found certain challenges in conducting CEAs of environmental interventions, including the difficulty 
in assessing costs and cost offsets, and the uncertainty of results arising from methodological difficulties, 
lack of reliable data and non-generalisability of data between settings.  While the WHO has attempted to 
address these issues in developing its own guidelines for CEAs, the methodology is still in development 
and its reliability should not be overestimated.         

 
In a review published in 2001, 24 studies addressing the economic aspects of water and sanitation 

interventions were identified (Hutton 2001).  Fifteen of these are WTP studies, 3 were cost-of-illness 
studies, and most of the rest covered sanitation or interventions other than drinking water or microbial 
water quality.  Only Briscoe (1984) and Varley (1998) deal specifically with the cost-effectiveness of 
interventions to improved drinking water supplies, and even these have certain limitations.  Briscoe 
mainly deals with methodological issues, presenting data to support his contention that water and 
sanitation interventions are as cost-effective as oral rehydration in reducing the incidence of diarrhoeal 
diseases.  Varley’s analysis is of a hypothetical city using data collected from various countries.  Since 
Hutton’s review, only two additional CEAs of water supply interventions have been published (WHO 
2002; Cairncross 2004)2.  Cairncross and Valdmanis estimated CERs of US$94 and US$223 per DALY 
averted for handpump/standpost and household connections, respectively.  Using costs based on water 
sector regulation, advocacy and promotion, the CER was US$47.   They used the US$150/day averted 
threshold discussed in footnote 11, concluding that the handpump/standpost option was cost effective, 
while the household connection (unless using the lower regulatory-based cost estimate) was not.  

 The 2002 World Health Report concluded that “the intervention which is consistently the most 
cost-effective across regions and would be classified as very cost-effective in all areas where it was 
evaluated was the provision of disinfection capacity at point of use. On purely cost-effectiveness grounds 
it would be the first choice where resources are scarce.”  It also noted that adding basic low technology 
water and sanitation to this option would also be either very cost-effective or cost-effective in most 
settings, but that  moving to the ideal of piped water supply and sewage could not be considered a cost-
                                                 
2 CEAs of related interventions have also been published recently, including a latrine revision programme in Kabul 
(Meddings 2004), hygiene promotion (Borghi 2002), zinc as an adjunct therapy for acute childhood diarrhea 
(Robberstad 2004) and various interventions for achieving the MDGs (Evans 2005c).  
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effective means of improving health in poor areas of the world. The actual data on which these 
conclusions are based can be found on the WHO-CHOICE database: 
(http://www3.who.int/whosis/menu.cfm?path=whosis,cea&language=english). The Report’s conclusions 
regarding the cost-effectiveness of point-of-use disinfection were an important impetus for household 
based water treatment.  They are also a reason to compare chlorination with other approaches to 
household-based water treatment.   At the same time, they provide an opportunity to revisit the 
assumptions on which these conclusions were based and to place the cost-effectiveness of household-
based water treatment in a context with conventional public interventions to improve water supplies, such 
as stand posts, dug wells and boreholes.   

2. METHODS 
 
 2.1 Generalized Cost-effectiveness Analysis and WHO CHOICE 

 
As its name implies, cost-effectiveness is a measure of the cost of a particular intervention and its 

effectiveness with respect to a certain health outcome (e.g., the prevention of diarrhoeal disease).  
Effectiveness requires an assessment of the fatal and non-fatal health outcomes that occur when an 
intervention is introduced. In general, interventions might change the incidence, duration of time within 
different health states, or the case fatality rate. Because interventions to improve water quality are 
preventive, the main outcome is first a reduction in the number of diarrhoea episodes and then a reduction 
in the number of deaths.  A common measure of the population health effect of the intervention is 
disability life years (DALYs) averted as a result of the intervention.  DALYs are a time-based measure of 
health that include the impact of interventions on years of life lost (YLL) due to premature mortality and 
years of life lived with a non-fatal health outcome, weighted by the severity of the outcome.  

 
There are a variety of methodologies for conducting CEAs (Gold 1996).  Often, they are 

undertaken as part of an intervention study and therefore assess effectiveness and costs of one or two 
intervention arms in a particular setting, e.g., permethrin-treated bed nets in an area of intense malarial 
transmission in Western Kenya (Wiseman 2003) improved treatment for sexually transmitted diseases in 
preventing HIV-1 in Mwanza, Tanzania (Gilson 1997), and in-house residual spraying vs. insecticide-
treated nets in Surat, India (Bhatia 2004)).  Such an approach, however, is restricted to assessing the 
efficiency of adding a single new intervention to the existing set, or substituting one for another, both in a 
manner that is context-specific.  

 
 An alternative approach developed and now used by the WHO is known as “generalized cost-

effectiveness analysis”.  The basic approach has been described (Murray 2000; Tan-Torres Edejer 2003). 
It has been utilized in a number of recent CEAs, including tuberculosis control strategies (Baltussen 
2005), use of injection in health care settings (Dziekan 2003) and interventions to reach the MDGs for 
childhood survival (Tan-Torres Edejer 2005). Unlike other approaches to CEA, generalized CEA allows 
for a comparison of current interventions as well as interventions being considered for implementation on 
a sector-wide basis for a group of populations with comparable health systems and epidemiological 
profiles (Murray 2000).   

 
Generalized CEA is used by WHO’s Health Systems Financing unit under WHO-CHOICE 

(Choosing Interventions that are Cost Effective) (http://www.who.int/choice/en/).  WHO-CHOICE 
assembles regional databases on costs, health impact and cost-effectiveness. It produces and publishes 
sets of regional cost-effectiveness estimates, for up to 50 interventions each quarter, of interventions 
against more than a dozen diseases, including diarrhoea.  By employing generalized CEA in a manner that 
is compatible with the WHO-CHOICE methodology, health analysts not only can use the tools developed 
by the programme, but also draw on these databases to provide and compare cost and effectiveness data.  
More importantly, they can compare their results with other interventions against diarrhoea and other 
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important diseases.  By adopting this standardized approach, the results can be compared with a wide 
range of environmental and other interventions, providing important evidence for setting health priorities 
and allocating investments.  WHO has developed a comprehensive guide for conducting generalized CEA 
(Tan-Torres Edejer 2003).  Additional information, including software programs for collecting and 
analyzing costs (Cost-It), estimating the health impact of the intervention on a given population over time 
(PopMod), and calculating cost-effectiveness ratios with uncertainty intervals (MCLeague) are also 
available on the WHO-CHOICE website.   

 
In general, the process for conducting a generalized CEA at the country level consists of four 

basic steps.  These include (i) defining the interventions to be investigated, as well as the counterfactual 
(null) or baseline state; (ii) estimating the effectiveness of the interventions; (iii) modelling the study 
population based on demographic, exposure and risk data, using the effectiveness data to determine the 
DALYs averted by each intervention compared to the counterfactual; (iv) estimating the costs associated 
with the interventions; and (iv) calculating the cost per DALY averted and interpreting the results.  These 
basic steps, together with certain special considerations relevant to conducting a CEA in the context of 
water quality interventions to prevent diarrhoeal disease, are summarized below. 

 
2.2 Defining the Interventions and Baseline 
 
CEA compares the effect of one or more interventions against the counterfactual state of an 

alternative intervention.  In generalized CEA, this alternative is the null, or the situation in which the 
intervention did not exist.  The first step in the methodology is to determine the interventions to be 
investigated and to describe them precisely enough so that accurate information can be obtained regarding 
their costs and effectiveness.  Among other things, it is important to that the interventions be defined with 
reference to the setting in which they will be undertaken, the population (including coverage level) to 
which they will be targeted, and the time horizon over which the interventions will be delivered.   

 
A wide variety of interventions have been implemented to improve the microbiological quality of 

drinking water, including central water treatment leading to household connections, protected communal 
wells and springs, and, increasingly, household water treatment.  In order for a CEA to yield useful 
comparisons of possible choices of interventions, however, the data respecting the cost and effectiveness 
of such interventions must be comparable.   As explained more fully in Section 2.3 below, the 
effectiveness data for this CEA is based on a systematic review of water quality interventions to prevent 
diarrhoeal diseases (Clasen 2006). The studies included in the review provided data on the effectiveness 
of only certain interventions to improve water quality:  source-based interventions and four types of 
household-based interventions (chlorination, filtration, solar disinfection and flocculation/disinfection).  
The studies on source-based interventions extended only to improving wells, boreholes and systems 
leading to communal tap stands, not to household connections.  Because of the evidence from 
observational studies that household connections may be more effective than other source-based 
interventions in preventing diarrhoea, household connections are excluded from this analysis (Cairncross 
2004).  Accordingly, this CEA will compare three forms of source-based interventions (tap stands, dug 
wells and boreholes) with the aforesaid four types of household-based interventions. 

 
In generalized CEA, the subject is evaluated against a counterfactual or null.  Because 

generalized CEA is designed to allow analysts to consider what would happen if all resources were 
reallocated, the counterfactual assumes that none of these interventions are implemented and all related 
interventions cease forthwith. However, in the present case, it was agreed after consultations with the 
WHO that the counterfactual would be the current status of water supplies.  This is because, unlike a 
withdrawal of say a vaccination programme in favour of an alternative intervention, a reversal of water 
supply infrastructure is illogical; countries are not going to dismantle existing systems.  Thus, the 
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counterfactual in this case consists of the status quo.  For purposes of this CEA, this is based on the 2002 
results from the Global Water Supply and Sanitation Assessment (WHO/UNICEF 2005).  

 
The time horizon over which to evaluate the interventions against the baseline must also be 

determined.  While many interventions are evaluated over a year, this favours programs with relatively 
small start up costs even if they may have higher costs and lower effectiveness over the longer term when 
brought to scale.  A long term (>25 years) is perhaps more accurate, but is beyond the planning cycle of 
policy makers.  As a result, WHO recommends that when using generalized CEA, interventions be 
evaluated over a period of 10 years.  The total cost of implementation thus includes annualized start-up 
costs prior to this 10-year period as well as 10 full years of implementation cost.  As discussed more fully 
below, analysts should not necessarily assume that costs or effectiveness are uniform during this 10-year 
period.  

 
2.3 Estimating Health Effects of the Interventions 

 
 The next step was to evaluate the impact of the interventions against the counterfactual.  Like 

costs, it is possible to estimate the effectiveness of an intervention based on an individual trial.  In its own 
estimate of the effectiveness of point-of-use disinfection for the 2002 World Health Report, the WHO 
estimate assumed a 45% reduction in diarrhoeal disease as a result of the intervention.  This was based on 
a single study (Quick 1999).3  However, individual trials have shown a wide range of effectiveness in 
water quality interventions to prevent diarrhoea.   Systematic reviews which are designed to reflect all 
available evidence on the effectiveness of a given intervention and to minimize bias provide a better basis 
on which to estimate effectiveness (Tan-Torres Edejer 2003).   

 
The effectiveness data used in this CEA is based on a recent systematic review conducted under 

the auspices of the Cochrane Collaboration (Clasen 2006).  Following a comprehensive search strategy 
designed to include all randomized and quasi-randomized controlled trials of interventions designed to 
improve the microbial quality of water for the prevention of diarrhoeal disease, the review identified 38 
published and unpublished trials through 31 December 2005 that met the review’s inclusion criteria.  The 
authors extracted key data, including the measures of effect, and performed sub-group analysis in an 
attempt to explain heterogeneity.  The review found substantial differences in the interventions and the 
settings and other conditions in which they were implemented; they also found important methodological 
differences in the studies themselves.  As a result, only limited meta-analysis of the studies included in 
the review was possible.  Nevertheless, the review did find significant differences in the pooled measures 
of effect between source- and household-based interventions, and among the four types of household 
interventions inter se.   The review contains important qualifications and limitations on its probative 
value. Nevertheless, the review provides perhaps the best evidence to date on the effectiveness of 
interventions, including those at the household level, to prevent diarrhoea by improving the microbial 
quality of water.  Accordingly, the review is the basis for the effectiveness estimates used in this CEA. 

 
Figure 2.3 contains a forest plot of the studies included in the systematic review sub-grouped by 

type of intervention: source, chlorination, filtration, solar disinfection and combined 
flocculation/disinfection.   Meta-analysis was used to derive pooled estimates of effect. The weight 
ascribed to each study in the meta-analysis was based on the precision of its results in accordance with the 
inverse variance method, where weight is a function of the reciprocal of the squared standard error of the 
point estimate of effect.  Because of important differences in study methodology, settings, intervention 
types, as well as substantial heterogeneity in study results, the random effects (rather than fixed effects) 
model was employed.   In order capture as many studies as possible in each sub-group, the pooled 
                                                 
3 See, for example, http://www3.who.int/whosis/cea/interventiontable/WS/TableG.xls  This compares to the 
Cochrane review’s pooled estimate from 16 studies of household chlorination interventions of 37%.    
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estimates of effect shown in Figure 2.3 are based on all studies included in the review, regardless of the 
measure of effect that such studies report.  There are important statistical issues associated with such 
homologous treatment of different measures of  
 
Figure 2.3:  Forest plot showing studies of interventions to improve water quality for the prevention of 
diarrhoeal disease sub-grouped by type of intervention (adapted from Clasen 2006)  
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effect—including in this case, risk ratios, rate ratios, longitudinal prevalence ratios, odds ratios and means 
ratios (Zhang 1998; McNutt 2003).  The effectiveness estimates are summarized in Table 2.3.  The 
limitations and qualifications applicable to such pooled estimates and described in systematic review 
should be borne in mind in considering the results of this CEA. 

 
Table 2.3: Summary of pooled estimates of effect of water quality interventions for the 
prevention of endemic diarrhoea (adapted from Clasen 2006) 
 
Intervention type (no. of 
trials) 

Estimate of effect 
(random effects model) 

Equivalent reduction (%) 
(1-estimate of effect) 

Source (6) 0.73 27 
Household (32) 0.53 47 
  Filtration (6) 0.37 63 
  Chlorination (16) 0.63 37 
  Solar Disinfection (2) 0.69 31 
  Flocculation/Disinf* (6) 0.69 31 

 *Excludes Doocy 2006, Identified in the systematic review as a probable outlier. 
 
Many intervention studies have been conducted in such controlled or closely-supervised settings 

that their results are more indicative of efficacy rather than effectiveness (Hanson 2003).  Experience has 
shown that the uptake, utilization rates and longer-term utilization of household-based interventions may 
be significantly less than anticipated, even if supported by substantial programmatic effort.  These rates 
also vary by intervention.  Moreover, intervention studies are often conducted over relatively short 
periods of time, or in populations that are not representative of a national population.  Finally, these 
studies often report effectiveness compared to controls who practice other interventions, and thus do not 
reflect the null scenario.  For these reasons, these rates of effectiveness, though representing the best 
available evidence to date and valid for comparing water quality interventions with other possible health 
options, should perhaps be discounted when applied locally to reflect more closely the outcomes that can 
actually be anticipated in practice, in the longer term and at full scale.  

 
2.4 Estimating the Health Impact (DALYs Averted) 
 
In order to estimate the impact of health interventions on an evolving population over time, WHO 

has developed PopMod, a software modelling programme (Lauer 2003).   The programme tracks a given 
population over a period of 100 years.  Users enter the incidence or prevalence, remission and case-
fatality rates associated with a given disease such as diarrhoea, both under the null (baseline) conditions 
and with one or more interventions in place. In this way, it is possible to establish the population-level 
health gain (or disease burden averted) as a result of a given intervention relative to doing nothing (the 
null).  Like Cost-It, PopMod can be downloaded from the WHO-CHOICE website, together with 
instructions and guidance on its use.  

 
The steps in compiling the model for the present CEA follow the approach prescribed by WHO 

Choice.  The population is also risk-adjusted for their exposure to faecal-oral diseases using the 
methodology described by Prüss (2002) and followed in the 2002 World Health Report (WHO 2002) and 
Hutton & Haller (2004) cost benefit analysis.  The main steps can be summarized as follows: 

 
Step 1: Population figures by sex and age are entered using WHO estimates from the GBD 2000.  In 
the present case, this was limited to 10 of 17 WHO epidemiological sub-regions (Table 3.8). The 
other regions were excluded from the analysis since nearly 100% of the population in these regions 
currently has access to regulated, piped-in water supplies.       
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Step 2: The population was then distributed among the various exposure scenarios for water and 
sanitation (Prüss 2002).  Six exposure scenarios are defined, ranging from scenario I (ideal situation, 
corresponding to the absence of transmission of diarrhoeal disease through water, sanitation and 
hygiene) to scenario VI (no improved water supply and no basic sanitation in a country which is not 
extensively covered by those services, and where water supply is not routinely controlled).  
Allocation of populations to the various exposure scenarios was based on the Global Water Supply 
and Sanitation Assessment (WHO/UNICEF 2005).4   
 
Step 3: The relative risk of diarrhoea was then entered for each sub-population resulting from Step 2.  
This was based on WHO estimates for risks associated with unsafe water (Prüss-Űstün 2004).  
These, in turn, are based on published reviews, large surveys and multi-country studies. 5  
 
Step 4: POPMOD is then run to estimate the healthy life years for each sub-population.  This follows 
a simplified three-box model that (i) adjusts the susceptible population by the birth rate and mortality 
rate, (ii) calculates morbidity by applying the disease incidence rate and remission rate against the 
susceptible population, (iii) and calculates mortality based on the diarrhoeal disease case fatality rate.  
This provides the counterfactual or baseline rate prior to the introduction of the interventions.  For 
non-fatal outcomes, the population model also contains a “health state valuation” (formerly, a 
“disability factor”) to account for the percentage of disability for persons living with and ultimately 
recovering from diarrhoea.   
 
Step 5: The incidence of disease is then adjusted to reflect the reduction in risk associated with each 
water quality intervention under investigation.  Under this model, the household-based interventions 
were extended to populations in exposure scenarios IV-VI, while the source-based interventions were 
extended to populations in exposure scenarios V and VI only.6 In order to provide complete results, 
the model was run assuming 100% coverage for each intervention.  Where the costs are linear (no 
positive or negative economies of scale in coverage), these figures can easily be adjusted to show the 
costs and CERs at more realistic coverage levels.  POPMOD is then run again, with the difference in 
incidence rates impacting morbidity and mortality throughout the sub-populations The difference 
between the number of healthy life years lived by the population with and without the intervention is 
the number of DALYs averted (or healthy life years gained) as a result of that intervention.   

 

                                                 
4 For a complete description of the exposure scenarios, see Section 1.3 of Appendix 5.2. 
5 Cairncross (2004) suggest an alternative set of relative risks which they developed independently based on more 
conservative assumptions.  However, in most respects relevant here, the two models are similar.  In order to allow 
for comparability with other WHO economic evaluations, including the 2002 World Health Report and the Hutton & 
Haller CBA, the present analysis follows the Prüss assumptions.  
6 Exposure scenarios VI (no improve water supply and no basic sanitation in a country which is not extensively 
covered by those services, and where water supply is not routinely controlled), Vb  (improved water supply and no 
basic sanitation in a country which is not extensively covered by those services, and where water supply is not 
routinely controlled), and Va (improved sanitation but no improved water supply in a country which is not 
extensively covered by those services and where water supply is not routinely controlled) are the settings in which 
source-based water interventions are appropriate; they already exist in exposure scenario IV (improved water supply 
and improved sanitation in a country which is not extensively covered by those services, and where water supply is 
not routinely controlled).  As described in Part I, however, household-based interventions are frequently 
implemented in settings described by exposure scenario IV, and the model must therefore reflect such coverage.  
Since large portions of the population in certain WHO epidemiological subregions fall into exposure scenario IV, 
the aggregate cost of extending coverage to such regions will be less than that of certain household-based 
interventions even though the annual per capita cost of coverage is less.    
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It should be noted that the because of uncertainties in the projections, the model does not include an 
increase in the population over time or a change in the diarrhoea rates except as a result of the 
intervention. 
 
Table 2.4: WHO Epidemiological Sub-regions included in CEA 
 
Region* Mortality 

Stratum** 
Countries 

AFR D Algeria, Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Chad, 
Comoros, Equatorial Guinea, Gabon, Gambia, Ghana, Guinea, Guinea-
Bissau, Liberia, Madagascar, Mali, Mauritania, Mauritius, Niger, Nigeria, 
Sao Tome And Principe, Senegal, Seychelles, Sierra Leone, Togo 

AFR E Botswana, Burundi, Central African Republic, Congo, Cote d’Ivoire, 
Democratic Republic of the Congo, Eritrea, Ethiopia, Kenya, Lesotho, 
Malawi, Mozambique, Namibia, Rwanda, South Africa, Swaziland, 
Uganda, United Republic of Tanzania, Zambia, Zimbabwe 

AMR B Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Brazil, 
Chile, Colombia, Costa Rica, Dominica, Dominican Republic, El 
Salvador, Grenada, Guyana, Honduras, Jamaica, Mexico, Panama, 
Paraguay, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the 
Grenadines, Surinam, Trinidad and Tobago, Uruguay, Venezuela 

AMR D Bolivia, Ecuador, Guatemala, Haiti, Nicaragua, Peru 
EMR B Bahrain, Cyprus, Iran, Jordon, Kuwait, Lebanon, Libyan Arab 

Jamahiriya, Oman, Qatar, Saudi Arabia, Syrian Arab Republic, Tunisia, 
United Arab Emirates 

EMR D Afghanistan, Djibouti, Egypt, Iraq, Morocco, Pakistan, Somalia, Sudan, 
Yemen 

EUR B Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Bulgaria, 
Georgia, Kyrgyzstan, Poland, Romania, Slovakia, Tajikistan, The former 
Yugoslav Republic of Macedonia, Turkey, Turkmenistan, Uzbekistan, 
Yugoslavia 

SEAR D Indonesia, Sri Lanka, Thailand 
SEAR B Bangladesh, Bhutan, Democratic People’s Republic of Korea, India, 

Maldives, Myanmar, Nepal 
WPR B Cambodia, China, Lao People’s Democratic Republic, Malaysia, 

Mongolia, Philippines, Republic of Korea, Viet Nam, Cook Islands, Fiji, 
Kiribati, Marshall Islands, Micronesia, Nauru, Niue, Palau, Papua New 
Guinea, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu 

*AFR=Africa; AMR=Americas; EMR= Eastern Mediterranean; EUR=Europe;  SEAR=South East Asia; 
WPR=Western Pacific 
**B=low adult, low child morality; C=high adult, low child mortality; D=high  adult, high child 
mortality; E=very high adult, high child mortality  

 
2.5 Estimating the Cost of the Interventions 
 

 Only a few published accounts present cost data for interventions to improve water quality.  The 
cost of source-based interventions, such as public stand posts, dug wells and boreholes, is perhaps better 
established than for household-based interventions.  As a starting point, Hutton & Haller (2004) and 
Cairncross (2006) both used the initial investment (construction) costs per capita from the Global Water 
Supply and Sanitation 2000 Report (WHO/UNICEF 2000). Hutton & Haller then estimated the useful life 
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of the systems (20 years), added 5% for operation and maintenance, and an additional 5% (dug wells and 
boreholes) or 10% (stand posts) for water resource protection to arrive at an annual cost per person 
reached. The results are summarized in Table 2.5. Cairncross, while raising a question about the 
household connection estimates, use US$40 per capita as the midrange figure for the three main types of 
public water points (stand posts, dug wells and boreholes).  They then amortized this over the same 20 
years, and added $1 per year for operation and maintenance, for a total cost of US$3 per person per year.7  
 
Table 2.5a: Annual costs per person for improvements in water supply  
 

Annual Cost per person reached (US$ year 2000) Intervention 
Africa Asia Latin America & Caribbean 

Standpost 2.40 4.95 3.17 
Borehole 1.70 1.26 4.07 
Dug Well 1.55 1.63 3.55 
 Source: adapted from Hutton & Haller (2004) 
 
 The Global Assessment acknowledges that its figures are rough estimates, and that local costs 
may vary widely based on population density and ease of access to water resources.  There are, however, 
other reasons why these figures may not represent the full economic cost of these interventions.  First, 
they appear to include only the direct costs of labour and material, and not indirect (overhead) costs 
(management personnel, office and warehouse facilities, transportation, communication, etc.) that would 
be incurred by the governmental or other organization implementing the intervention.  Second, these 
figures do not include “software” costs that may be associated with the intervention.  Many of the studies 
of such source-based improvements included in the Cochrane review included software components 
(Clasen 2006).  Finally, the 20-year expected life of these systems may be excessive, even if the cost 
estimate is grossed up by an amount for operation and maintenance.  Five years after installing pumps on 
tubewells in Bangladesh, Hoque (1995) found 18% of the pumps no longer functioning.   In South Africa, 
Mathekgana (2001) found stand pipes working only 70% of the time.  
 

Table 2.5b presents cost estimates for household water treatment options garnered from the 
programme implementers.8  Once again, these are only hardware costs and thus do not include much of 
the programmatic costs that Esrey (1985) and others have indicated can represent the greater share of cost 
in introducing and supporting certain water interventions.  They even fail to include all of the hardware 
components often necessary for implementation of the system, such as special vessels for water storage in 
the case of the sodium hypochlorite and PUR interventions, and mixing and decanting apparatus for PUR.  
Accordingly, these estimates fall short of what is needed for a CEA even though they are frequently cited 
as the true cost of the intervention.9   
                                                 
7 Cairncross (2006) also suggested an alternative cost of US$0.02 to US$0.10 per person per year, arguing (after 
Varley) that because investments in water supply an sanitation are made by non-health sectors, the actual cost 
should consist only of the regulatory, advocacy and promotion expenses, and not the construction and O&M costs.  
However, because this CEA adopts a “societal perspective” in which all costs must be included regardless of who 
assumes responsibility for payment, these costs must be included in the analysis.  
8 As these estimates cover only technologies for which there is corresponding data on diarrhoeal disease impact, the 
table does not include costs of boiling even though it is the most common household water treatment method.  
Estimates of the fuel cost of boiling have recently been drawn from field studies in India (McLaughlin 2006) and 
Vietnam (Clasen 2008).   
9 As described in Section 3.3, however, hardware costs can be presented in various units of measurement, including 
per capita, per volume, per month, etc.  All of these provide potentially valuable information respecting the 
affordability of the option, a factor of critical significance when sustainability must depend on some measure of cost 
recovery.   Thus, PSI, a social marketer of household water treatment products, markets and sells both diluted 
sodium hypochlorite for household-based chlorination of drinking water following the CDC Safe Water System 
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Table 2.5b: Cost estimates (in US$) for certain household water treatment systems  
 
Product Unit 

Cost 
Volume of 
Water Treated 

$/10,000L of 
Water Treated 

First 
Year 
Cost1 

Three 
Year Cost1 

WaterGuard™ (PSI brand 
of sodium hypochlorite1  

$0.45 1,000 $4.50 $4.10 $12.32 

Gravity filter with two 24 
cm Katadyn® candles3 

$25.00 100,000L $2.50 $25.00 $25.00 

Gravity filter with two 
15cm Stefani® candles4 

$15.00 20,000L $7.50 $15.00 $30.00 

Sodis Solar Disinfection5 $0.40 730L $5.48 $0.80 $2.40 

Procter & Gamble PUR® 
Sachet6 

$0.10 10L $100.00 $91.25 $273.75 

Table assumptions and sources: 
1.  Based on 25L/day/household, or 9,125L/year. 
2.  150ml bottle of 1.25% sodium hypochlorite designed to treat 1000L sold at retail in Tanzania and 
assuming full cost recovery (not subsidized); production cost is $0.17 per bottle (Clasen, 2006a). 
3. $8.75 per candle, plus $7.50 for vessels and valves. 50,000L capacity per candle according to 
manufacturer. Replace entire system after 3 years. (Clasen 2004) 
4. $3.75 per candle, plus $7.50 for vessels and valves.   5,000L capacity per candle according to 
manufacturer. Replace candles each year.  Replace vessels and valve after 3 years. (Clasen 2004) 
5. $0.10 per bottle (mean price based data from 6 countries) x recommended 4 bottles per household, used 
for 6 months; capacity based on 2 x 2L bottles (alternate 2 bottles in sun, 2 bottles in household each day) 
(M. Wegelin personal communication). 
6. Manufacturer’s suggested retail price of $0.10 per sachet.  Assumes no further expenditure for mixing 
and storing vessels. 
 

In estimating the cost of point-of use disinfection for the 2002 World Health Report, the WHO 
used certain estimates from the CDC intervention for household-based disinfection using sodium 
hypochlorite.  The sales price of one litre of chlorine solution (which treats 1000 litres of water) was 
estimated at US$0.0942 in Asia, US$0.13 in Africa and US$0.273 in Latin America and the Caribbean.  
To calculate the annual cost per person, the estimate assumed 20L of treated water per person per day, or 
7300L per year, requiring 7.3L bottles of chorine.  This was grossed up to 8.76 bottles to allow for 20% 
wastage.  Multiplying the number of bottles per person per year times the annual cost yields an estimated 
cost per person per year of US$0.83 in Asia, US$1.14 in Africa, US$2.39 in Latin America.10   As can be 
seen, these estimates include only hardware costs.  Curiously, the intervention is described in the WHO 
CHOICE database11 as “disinfection at point of use with education” (emphasis added.)  However, the cost 
estimates do not include any costs associated with education. 

                                                                                                                                                          
(SWS) and PUR® sachets of combined flocculant-disinfectant.  Even though the one-year household cost for using 
the PUR system is more than 22 times that of the SWS, PSI has found that some householders nevertheless prefer to 
use the PUR product because they can purchase a single portion for less than one-fourth the price of a bottle of 
WaterGuard (Clasen 2006a).  
10 These figures are derived from the spreadsheets supporting the WHO-CHOICE cost-effectiveness estimates.  
They can be found on the WHO-CHOICE database for each of the epidemiological sub-regions: 
http://www3.who.int/whosis/cea/cea_results_prog_costs.cfm?intInterventionID=50409 .   
11 http://www3.who.int/whosis/menu.cfm?path=whosis,cea,cea_prices&language=english 
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The WHO CHOICE database has some information on cost of selected generic inputs used in 

health interventions.  For example, the database has information on the costs of personnel at various 
levels of responsibility, cost of warehouse and office facilities, vehicle and other transportation costs, 
media costs, and the cost of certain commodities.  These represent an important resource for determining 
how local costs may differ from global, regional or other national estimates.  However, in order to use 
such costs in a CEA, it is necessary to know the quantities of all such inputs required for the intervention.   

 
 For all of these reasons, the accuracy and completeness of existing cost information on 
household-based interventions was deemed inadequate to serve as the basis for a rigorous CEA.  
Accordingly, the starting point for this CEA was to solicit the cost information directly from those 
involved in the implementation of programs involving such interventions.  Detailed guidelines and a 
worksheet were developed by the authors in consultation with B. Johns of WHO in order to ensure the 
consistent accumulation and reporting of costs and cost offsets (Clasen 2006a).  The worksheet also 
requested specific information on quantities as well as costs.  This was designed to provide analysts with 
the opportunity to calculate costs in different countries based on the local costs for the inputs necessary to 
implement the intervention.  In December 2004, the guidelines and worksheet were sent to 12 
implementers of household-based water treatment interventions identified by surveys conducted by the 
International Network to Promote Household Water Treatment and Safe Storage.   Numerous exchanges 
with the programme implementers and their field personnel ultimately yielded cost information that was 
sufficient for purposes of this analysis.  The sources of cost information and the manner for calculating 
the point estimate and range of costs is described in Section 3.1.  

 
   For purposes of CEA, costs are usually divided between programme costs and patient or 

individual costs.   Programme costs incorporate all resources used to start up and maintain the 
intervention over the period of implementation. Programme costs include administrative and technical 
personnel needed to develop and run the programme, materials and supplies, media, transport and capital 
items such as vehicles and office space (Johns 2003). Individual costs are those expenditures incurred by 
the targeted population at the point of delivery.   

 
Under the WHO CHOICE procedure, programme costs are reported at the national, regional, 

community and household level, while individual costs are reported at the household level only.  
Confusion may arise as to whether certain costs incurred at the household level should be reported as 
programme costs or individual costs.  Where a programme itself pays the cost of an item deployed in the 
household (e.g., a filter) and provides the same to the householder free of charge without any 
reimbursement or payment by the household, it is reported only as a programme cost at the household 
level.  On the other hand, if the householder is required to pay all or a part of the cost of the item, the 
amount paid by the household was reported as an individual cost.  Any subsidy or other non-reimbursed 
portion of the item must still be reported as a programme cost. 

   
In collecting information on costs, it is also useful to include data on cost savings (cost offsets or 

costs averted) that have been demonstrated as a result of the implementation of the intervention.  In the 
context of water quality interventions, these typically involve two categories of economic savings:  health 
costs and other household savings.  Health costs averted include health sector and patient costs saved due 
to less treatment of diarrhoeal diseases.  WHO supplied this information from its own database based on 
the coverage and effectiveness.  Improvements in water supply may offer time savings in collecting 
water, while both source and household-based interventions may also offer savings when introduced as an 
alternative, say, to boiling (potential savings in fuel expenditures and time to collect/procure wood or 
other fuel for boiling water) or purchasing drinking water.  The guidelines and worksheet sought 
information from programme implementers on such non-health cost offsets.   
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Cost-It (cost intervention templates) is a software programme developed by WHO-CHOICE to 
record and analyze cost data.  Set up as a spreadsheet into which cost information can be inserted, the 
programme automatically calculates the economic cost of interventions.   Among other things, Cost-It 
includes macros for converting costs from any given year into a base year chosen by the analyst; it also 
allows costs to be adjusted for different levels of capacity.  The software may be downloaded from the 
WHO-CHOICE website.  User guides are also available.   

 
Finally, it is noted that under the “societal” perspective used in generalized CEA, all costs related 

to the intervention are included in the analysis, regardless of whether they are incurred by the 
government, a donor, a programme implementer or the beneficiary.  Such a perspective is consistent with 
notions of economic efficiency and more readily allows interventions to be compared on the basis of cost-
effectiveness, regardless of the party responsible for payment.  At the same time, analysts must note that 
some interventions may be better suited than others for full or partial cost recovery.  Thus, as described 
more fully below, certain water quality interventions, such as bottles of sodium hypochlorite, may consist 
of products or services for which the users pay all or part of the cost, while others, such as communal 
tapstands, are paid for by the government.  From a societal perspective, the cost of such interventions may 
be similar, and the CEA may thus yield a similar cost-effectiveness ratio.  However, from the 
governmental or householder perspective, these interventions will have significantly different “costs” due 
to the different allocation of responsibility for payment.  This must, of course, be considered in the overall 
analysis of the options. 
 

2.6 Presenting and Interpreting the Results 
 
Once the cost of each intervention is estimated per person per year, it is simply a matter of 

multiplication to determine the aggregate cost of extending that intervention at a given level of coverage 
over a given population.  The model makes adjustment for economies of scale.  That aggregate cost is 
then divided by the number of DALYs averted in that population to determine the CER (cost per DALY 
averted).  In presenting the results, future costs and health effects are typically discounted to reflect their 
present values (Tan-Torres 2003).  Subject to the discussion below regarding sensitivity analysis, WHO-
CHOICE recommends discounting both costs and health effects by 3%.  Results are reported for the 
actual cost estimate as well as the range. 

 
Results of a comparison of mutually-exclusive interventions can be compared graphically and/or 

in tabular format.  Dominated (i.e., more costly and less effective) interventions are excluded from the 
presentation.  On a graph, intervention costs are shown on the y-axis and health benefits on the x-axis.  
Average cost-effectiveness for each intervention is represented by the slope of the line joining that 
intervention and the currently delivered intervention or the null.  Incremental cost effectiveness is shown 
by the slope of the line joining the propose intervention with the next most cost-effective intervention.  In 
tabular format, the results of a generalized CEA are presented in a single league table of mutually 
exclusive interventions, beginning with the intervention with the lowest average cost-effectiveness ratio 
(the lowest slope in the figure of cost against benefits).  Non-dominated interventions then appear in 
succession based on their CERs.  This presentation readily shows the health maximizing alternative based 
on the available budget.  

 
The Commission on Macroeconomics and Health (CMH) has defined interventions that have a 

cost-effectiveness ratio of less than three times the gross domestic product (GDP) per capita as “cost-
effective” (CMH 2001).12  Interventions that avert a DALY (or, conversely, gain a healthy life year, or 

                                                 
12 The World Bank’s 1993 World Development Report established a threshold of US$150/DALY averted based on 
then current data.  Thus, CERs under US$150 per DALY averted were considered cost effective.  While this 
threshold is still cited, a threshold based on national GDP is more useful in guiding national decisions.    
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HLY) at a cost that is less than the gross domestic product (GDP) per capita are defined as “very cost 
effective”, and those that avert a DALY at a cost less than 3 times this amount are considered “cost 
effective”. Interventions whose CERs are higher than this are considered “not cost effective.”    
 
3. RESULTS 
 
 3.1 Costs. 13   
 
 Figure 3.1 reflects the overall cost estimates to be used in the cost-effectiveness analysis.  The 
figure sets forth the point estimate as well as the range in cost.  As described above, the point estimate for 
household-based interventions represents the best available estimate of the true annual cost per person 
covered by the intervention, while the range reflects certain variations in such cost based on economies of 
scale (chlorination and filtration), optimal versus actual utilization (flocculation/disinfection) and 
geographical differences in cost (solar disinfection).  The point estimates for the source-based estimates 
represent the mean of the three geographical regions and the range represents the highest and lowest cost 
based on those geographical estimates.  It is important to recognize that the basis for the range thus differs 
depending on the intervention. 
 
Figure 3.1 Annual cost per person (point estimates) and range of annual cost (narrow bars) 
for source-based (solid bars) and household-based (hatched bars) interventions to improve 
water quality14 
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13 In this Section 4.1, unless otherwise noted, the symbol “$” refers to year 2002 US dollars. 
14 As described in the text, point estimates represent the annual cost per person covered by each intervention as 
implemented, while the range shows the potential variation in cost due to different factors in such implementation 
(geographical location, extent of scaling up, type of product, amount of product used, etc.).   
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 Assuming 50% coverage and applying these costs across the population in the 10 epidemiological 
sub-regions covered by this CEA results in the gross costs set forth in Table 3.1.    As described above, 
source-based interventions are applied to populations without improved water supply (exposure scenarios 
V and VI), while household-based interventions extend not only to these but also to populations with 
improved but unregulated supplies (exposure scenario IV).  In those subregions where large portions of 
the population fall within such exposure category IV, the aggregate cost of extending household-based 
interventions is greater than source-based interventions despite the lower per capita cost of coverage for 
household-based interventions.  
 
Table 3.1.6:  Gross cost in US$ millions by epidemiological sub-region for implementation of selected 
source-based and household-based interventions to improve water quality at 50% coverage 
 

  
 Like source-based interventions, there is no uniform profile for who incurs these costs.  In most 
cases, however, at least part of the cost of household-based interventions was paid directly or indirectly 
by the beneficiary.  For its SWS products, PSI reports an average cost recovery from 19 country 
programmes of 97% of the production cost, relying on donor funding in most countries to cover indirect 
costs (POUZN Project 2007).  Householders in Cambodia pay 100% of the production cost for 
commercially-distributed ceramic filters, but only 30.6% for socially-marketed products which are 
subsidized by donor contributions; programmatic costs are covered by donor funding in both cases 
(Michael Roberts, personal communication).  Solar disinfection programmes sometimes require 
beneficiaries to purchase the required plastic bottles which represent an average of 71% of the total 
intervention cost (Martin Wegelin, personal communication).  Consumer contributions toward 
flocculant/disinfectant products range from 35% to 100% of the delivered cost of the sachets (Hanson & 
Powell 2006). 
 
 3.2 Cost Offsets 
 
 As described in Section 2 above, the outcome of a CEA is the cost associated with a certain 
health outcome (e.g., DALYs averted).  Unlike a CBA, it is not intended to capture and reduce to 
economic valuation all the benefits that might obtain by implementation of a particular intervention.  As 
Hutton & Haller (2004) have demonstrated, most of the economic benefits associated with water and 
sanitation interventions derive from non-health benefits.  There are, however, certain cost offsets that are 
directly associated with the implementation of a health intervention and thus are properly included in a 
generalized CEA (Johns 2003).  These are (i) savings that accrue to the patient (householder) and the 

Source-Based Interventions Household-Based Interventions  
Mean Cost of Standpost,  
Borehole and Dug Well 

Chlorination Ceramic 
Filtration 

Solar 
Disinfection 

Flocculation  
Disinfection 

Afr-D 100.4 90.2 414.3 87.5 676.9 
Afr-E 128.4 104.7 480.8 101.5 784.9 
Amr-B 70.3 129.1 592.6 125.6 968.0 
Amr-D 18.6 21.4 98.2 20.8 160.5 
Emr-B 16.4 41.3 189.7 40.1 309.9 
Emr-D 78.5 104.5 479.6 101.3 783.5 
Eur-B 35.7 64.6 296.6 62.7 484.6 
Sear-B 71.8 86.5 397.0 83.8 648.5 
Sear-D 222.3 374.8 1720.6 363.4 2810.8 
Wpr-B 1079.9 452.9 2079.3 439.2 3397.0 
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health sector in the form of direct expenditures averted due to reduced levels of disease, and (ii) savings 
to the household and the public sector from the use of the intervention over another option.15  
 
 We calculated health cost offsets by multiplying the estimated number of cases averted by the 
estimated cost per case using mid-point estimates for each case based on WHO databases and methods 
(Mulligan 2005).  Health care costs assume that 30% of cases visit a health care facility and 8.2% require 
5-day hospital stays (rates that the authors acknowledge may be too high in some regions), and include 
regional estimates for health care costs (consultation, medication, overheads, etc.).  Patient costs include 
the cost of attending health post, including transportation, subsistence and region-based estimates for 
medical costs incurred by the patient.  As some of these savings more than offset the full cost of the 
interventions in certain cases, we have reported them separately below, keeping the CERs on a gross cost 
basis.  Such health cost savings do not include other possible savings, for example, from substituting solar 
disinfection for boiling with its associated costs of buying or collecting fuel and its environmental impact.  
As few programme implementers have attempted to capture and report these additional cost savings and 
the actual amounts are likely to vary significantly depending on the setting and current practices, there are 
currently no accurate and comprehensive data available on which to estimate these non-health cost 
savings.  Accordingly, these additional saving are not included in this analysis.   Finally, it is noted that 
health cost offsets represent only cash saved from payment for health services and transport. It does not 
include any representation of the human cost of suffering and death due to preventable disease. Table 3.2b 
shows the savings from applying these estimates to household-based water quality interventions by 
epidemiological sub-region.   

 
Table 3.2b:  Cost offsets (in US$ millions) from health cost savings for selected household-based water 
quality interventions by epidemiological sub-region assuming coverage at 50%. 
 

Household-Based Interventions  Source-Based 
Interventions Chlorination Ceramic 

Filtration 
Solar 
Disinfection 

Flocculation  
Disinfection 

Afr-D 97.0 199.1 339.0 166.8 166.8 
Afr-E 121.0 391.4 229.9 192.6 192.6 
Amr-B 135.9 647.7 1102.8 542.6 542.6 
Amr-D 43.1 122.8 209.1 102.9 102.9 
Emr-B 17.8 133.2 226.8 111.6 111.6 
Emr-D 190.2 472.3 804.2 395.7 395.7 
Eur-B 19.4 80.7 137.4 67.6 67.6 
Sear-B 30.8 95.9 163.3 80.4 80.4 
Sear-D 292.0 563.8 959.9 472.4 472.4 
Wpr-B 340.9 773.7 1317.4 648.2 648.2 

 
 The foregoing health cost savings are only one of the categories of cost offsets from 
implementing water quality interventions.  There are other direct cost savings that would inure to users of 
such interventions.  For example, to the extent that householders currently boiling their water to make it 
safe for drinking switch to a disinfection or filtration method, they will likely reduce the amount of fuel 
consumed and thus the expenditure of time or cash used to procure the same. Despite soliciting 
information on household cost offsets from each of the programme implementers as part of the cost 
collection process, no reliable information was provided.  However, in a report published in 2003 on their 

                                                 
15 Implementation of household water treatment options may also allow a community to use water from existing 
surface sources and thus forego the cost of a borehole or gravity system.  However, this cost savings is already 
captured in GCEA by comparing mutually exclusive interventions with the null scenario.   
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ceramic water filter programme in Cambodia, IDE found that after three months, the percentage of 
households boiling water for drinking fell from 69% to 0.5% (IDE 2003).  They estimated the monthly 
savings in fuel to be $1.45 per household (or $3.48 per person per year for a household of 5) for the 11% 
of the study population that purchase the fuel.16  They also reported that the percentage of households 
purchasing water for drinking fell from 9% to 0%, resulting in mean savings of $2.11 per household per 
month ($5.06 per person per year) for such households.  
 
 These data suggest that there are direct savings at the household level from implementing 
interventions to improve water quality.  These are in addition to the obvious indirect benefits (mainly time 
savings in collecting water) that accrue from source-based interventions such as new stand posts and 
wells, as reported in CBAs (e.g., Hutton & Haller 2004).   Nevertheless, estimating these cost offsets is 
problematic.  As the IDE data suggest, even estimating the savings from converting from boiling water to 
another household water treatment option would require assumptions regarding fuel costs, fuel expended 
exclusively for boiling water, portion of populations currently boiling, etc.  These are likely to vary 
dramatically from one country or region to another.  While such information could be collected household 
in surveys under the JMP, accurate and comprehensive data are not currently available.  Moreover, for 
many populations, boiling is not practised for reasons of culture, acceptability, affordability, or a lack of 
understanding of the potential benefits, even if actively promoted (Wellin 1955; White 1972; Gilman 
1985).  Thus, even estimating the portion of a given population that follows the practice would be 
difficult.  Even less information is available on expenditures on vendor-supplied water, bottled water and 
tankered water or the extent to which expenditures on such supplies may be reduced as a result of the 
introduction of one of the subject water quality interventions.17  Accordingly, while it is important to 
recognize the likelihood of such non-health cost savings when interpreting the results, no attempt is made 
to include them in this CEA. 
 
 Subtracting these cost offsets to the costs at the 50% coverage level (from Table 3.1.6) yields the 
net costs estimates shown in Table 3.2c.  In most cases the cost offsets more than cover the cost outlays 
from the implementation of the intervention, thus resulting in net negative costs (i.e., income).  To the 
extent that these health costs are incurred by the public sector, implementing these interventions would 
save governments money even if the public sector were to pay the full cost of such implementation.  This 
is emphasized in the discussion below.  In keeping with convention, however, the analysis of cost-
effectiveness ratios (CERs) and the comparison of such CERs below are made on the basis of the gross 
rather than net cost of the interventions. 

                                                 
16 The calculation is based on the a survey of 57 households that showed that 29% of firewood purchased was 
consumed to boil water twice daily for an average of 18.5 minutes each time.  In addition to the out-of-pocket cost, 
IDE calculated that these householders spend 18.5 person-hours per month boiling water.  Households that collect 
instead of purchase wood spend an additional 20.9 person-hours per month.  Netting out the cost of maintaining 
their filters, this resulted in time savings from using filters to be 15.9 person hours per month for firewood 
purchasers and 22.0 person hours per month for firewood collectors.  However, unlike direct savings from reduced 
out-of-pocket expenses, these indirect time savings are not included in a CEA.   
17 These are critical questions, since in some respects, they define the market for interventions to improve water 
quality, and thus allow for potential investors to determine the risk-adjusted returns available.  For an example of 
how this information was defined for long-lasting insecticidal nets, see WHO (2004).  
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Table 3.2c: Net costs (actual cost minus health cost savings) in US$ millions for selected household-
based water quality interventions by epidemiological sub-region 
 

Household-Based Interventions  Source-
Based 
Interventions 

Chlorination Ceramic 
Filtration 

Solar 
Disinfection 

Flocculation  
Disinfection 

Afr-D 3.4 -108.9 75.3 -79.3 510.1 
Afr-E 7.4 -286.7 250.9 -91.1 592.3 
Amr-B -65.6 -518.6 -510.2 -417 425.4 
Amr-D -24.5 -101.4 -110.9 -82.1 57.6 
Emr-B -1.4 -91.9 -37.1 -71.5 198.3 
Emr-D -111.7 -367.8 -324.6 -294.4 387.8 
Eur-B 16.3 -16.1 159.2 -4.9 417 
Sear-B 41 -9.4 233.7 3.4 568.1 
Sear-D -69.7 -189 760.7 -109 2338.4 
Wpr-B 739 -320.8 761.9 -209 2748.8 

 
 
 3.3 DALYs Averted  
 

Figure 3.3 shows the estimates of yearly DALYs averted for each of the four household- and the 
source-based interventions to improve water quality.  Once again, for completeness, these data assume 
50% coverage of each of the interventions.   

 
Figure 3.3: Yearly DALYs averted from implementation of certain water quality interventions 

to prevent diarrhoea at 50% coverage level 
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3.4 Cost-effectiveness Ratios (CERs) 
 
Dividing the yearly costs (Section 3.1) by the yearly DALYs averted (Section 3.3) results in 

the average cost-effectiveness ratio (CER) for each intervention.  These CERs are shown in Table 3.4 
for each intervention by each of the 10 WHO epidemiological sub-regions covered by this analysis.    
The table also shows the range of CERs based on the range of costs for each intervention as described 
in Section 2.1.  It is emphasized, once again, that these CERs are based on gross costs of the 
intervention, not net costs after the health cost offsets described above.   

 
Table 3.4:  Cost-effectiveness ratios (CERs) and range of CERs (based on range of costs) in US$ 
per DALY averted for certain source- and household-based interventions to improve water quality 

 
Source-Based 
Interventions 

Household-Based Interventions  

Mean Cost of 
Stand Post, 
Borehole and  
Dug Well 

Chlorination Ceramic 
Filtration 

Solar 
Disinfection 

Flocculation  
Disinfection 

 CER Range CER Range CER Range CER Range CER Range 
Afr-D 106 42-278 46 46-266 125 83-159 54 40-74 415 83-415 
Afr-E 123 48-322 53 53-302 142 95-180 61 46-84 94 94-471 
Amr-B 1930 760-5067 744 744-

4259 
2005 1337-

2547 
861 646-

1183 
6656 1331-

6656 
Amr-D 469 184-1230 190 190-

1080 
508 339-646 218 164-300 1687 337-

1687 
Emr-B 1511 596-3962 510 510-

2921 
1375 917-

1747 
590 443-812 4565 913-

4565 
Emr-D 145 57-380 78 78-445 209 140-266 90 67-124 695 139-

695 
Eur-B 2254 888-5909 978 978-

5602 
2637 1758-

3350 
1132 849-

1557 
8754 1751-

8754 
Sear-B 1025 404-2686 397 397-

2272 
1069 713-

1358 
459 344-631 3550 710-

3550 
Sear-D 143 56-375 125 125-

715 
336 224-427 144 108-199 1116 223-

1116 
Wpr-D 1077 424-2822 521 521-

2986 
1405 937-

1786 
603 453-830 4668 934-

4668 
  
  Figure 3.4 shows the CERs for the interventions in each region, together with vertical 
bars showing the upper limit of the range of each such CER based on the highest cost estimates for 
each intervention as described in Section 2.1.  Figure 3.4 also shows the CMH thresholds for “cost-
effective” (ie, <3xGNI) and “highly cost effective” (ie, <1x GNI) for each region.   
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Figure 3.4b:  CERs (vertical bars) and upper range of CERs (narrow vertical bars) of household and source interventions and calculated US$ thresholds 
for highly cost-effective and cost-effective interventions (solid lines) 
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4. DISCUSSION 
 
 Among all water quality interventions, chlorination (SWS) is the most cost-effective, a 
finding that is consistent with that reported in the WHO World Health Report (WHO 2002). While a 
recent CEA of home-based chlorination among HIV-affected households in Uganda found a 
significantly higher cost per DALY averted, the authors ascribed the result to lower than expected 
mortality in the study setting (Shrestha 2006). Solar disinfection is only slightly less cost effective, 
owing to its almost identical cost but lower overall effectiveness.  Both of these interventions meet the 
CMH definition for “highly cost effective” in each of the 10 WHO epidemiological sub-regions 
included in this analysis. Source-based interventions have mean CER about twice that of chlorination 
and solar disinfection, and would be considered “highly cost effective” in all but three regions (Afr-D, 
Amr-B, Wpr-B) where is meets the definition of “cost effective”.   
 
 Ceramic filters represent an opportunity to avert higher levels of DALYs with additional 
investment.  This represents additional costs and benefits beyond household-based chlorination.  An 
expansion path for choosing among water quality interventions to prevent diarrhoea would begin with 
household-based chlorination and end with household-based filtration, the other interventions being 
dominated (i.e., more costly and less effective) by these approaches.   Though shown in the systematic 
review to be the most effective of the household-based interventions in preventing diarrhoea, filtration 
has a mean CER about 2.5 times higher than chlorination or solar disinfection, owing to its higher 
cost.  In this connection, however, it should be noted that the cost estimates for ceramic filtration do 
not reflect any economies of scale that were reflected in the chlorination and solar disinfection costs, 
because the intervention is still relatively new.  The CER for ceramic filtration nevertheless renders it 
highly cost-effective under CMH thresholds in Afr-E, Amr-D, Emr-B, Emr-D and Eur-B, and cost-
effective in the other regions.    
 
 Combined flocculation-disinfection was strongly dominated (i.e., higher cost and lower 
effectiveness) by all other interventions except under an assumption in which it can be implemented at 
its minimum cost. Source-based interventions as well as household-based solar disinfection are 
weakly dominated by household chlorination and household filtration at their respective point 
estimates for cost and effectiveness, but such dominance is lost when comparing interventions at their 
respective ranges of effectiveness and cost. In addition to this uncertainty about their actual cost-
effectiveness, there are other reasons not to rule out these interventions completely or to choose 
among options solely on the basis of cost-effectiveness.  First, not all interventions are equally 
suitable under all circumstances.  Household interventions may not be an effective alternative to 
source-improvements when water quantities are inadequate (Clasen 2006).  Household chlorination 
may not be suitable in settings where the water contains a high level of turbidity or chlorine-resistant 
pathogens, challenges for which the flocculant/disinfectant was specifically designed (Souter 2003).  
Second, source-based interventions yield important benefits in terms of convenience and improved 
productivity that are not measured in this CEA (Hutton & Haller 2004).  Third, user preferences may 
be more important than cost and effectiveness in scaling up these interventions on a sustainable basis 
(DuBois 2003).    

 
Direct cost offsets, even if limited to the WHO estimates of health cost savings, more than 

offset the costs implementing household-based water quality interventions.  This means that 
governments, who are chiefly incurring such costs, would reduce their overall outlays by investing in 
the implementation of such interventions rather than in the treatment of cases of diarrhoeal disease.  
While a finding of such negative costs (i.e., income) are not uncommon in CEAs with high DALYs 
averted for relatively low costs, it should be noted that these estimates include only health costs 
offsets, and not other savings that are likely to inure to householders as they begin to adopt household 
water treatments, such as reduced fuel costs. As a cost-effectiveness rather than cost-benefit analysis, 
this study also omits the economic value of other benefits (including time savings) that have been 
shown to ensue from improvements in water supplies (Hutton & Haller 2004). 
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 Insofar as this CEA is based on effectiveness data which concerns only the prevention of 
diarrhoeal diseases, it does not address diseases such as typhoid, hepatitis A and E and polio that may 
be transmitted by the ingestion of unsafe water but whose pathology does not consist of diarrhoea.  
While the burden of disease associated with diarrhoea dwarfs any other waterborne disease, these 
other diseases cannot be ignored.  Moreover, because the systematic review on which the 
effectiveness data in this CEA was based was limited to endemic diarrhoea, the impact of such 
interventions on epidemic diarrhoea will not be included in the DALYs averted.  In these respects, 
this CEA understates the true impact of such interventions.     
 
 Finally, by assuming the all inclusive “societal perspective” in determining costs, this CEA 
does not address the important issue of who pays for the intervention.  While only limited information 
on cost recovery was available, certain programmes have required contributions from the 
beneficiaries.  Studies suggest that beneficiaries will pay at least a portion of the cost of both source- 
and household-based interventions (Harris 2005; Hutton 2000).  This potential for cost recovery could 
have important implications regarding the net cost of implementing these interventions.  It may also 
present important advantages in terms of financing, sustainability and scalability.   
 
  
5. CONCLUSIONS, LIMITATIONS AND QUALIFICATIONS  
 
 The disciplined application of cost-effectiveness analysis yields results that policy makers can 
find compelling.  Complex choices among sector priorities and individual interventions seem to be 
magically resolved when plotted on a graph showing cost against health gains or when summarized in 
stochastic league tables. 
 
 Generalized CEA is a powerful tool and can play an important role in formulating policy.  By 
providing a means of comparing a set of interventions, generalized CEA can help set national 
priorities at both the programme and sectoral level.  This should result in improved economic 
efficiency for the health system overall.  Generalized CEA can also help inform decisions about 
targeting, combining, scaling up and financing interventions.  It can also help guide research and 
development priorities.  By drawing on the WHO-CHOICE database, national governments can also 
obtain access to evidenced-based cost and effectiveness data on emerging interventions and 
technologies (Tan-Torres Edejer 2003). 
 
 At the same time, it is important to understand the limitations of CEA.  Chief among these is 
the uncertainty that underlies the apparent precision of the results.  Uncertainty arises in three areas 
(Tan-Torres Edejer 2003).  First, there is parameter uncertainty due to sample variation around the 
estimates used to develop a CER and the assumptions used in the analysis (e.g., the discount rate).  
Second, there is model uncertainty, particularly arising from the lack of data on the cost and 
effectiveness of joint or multiple interventions.  Third, there is generalisability uncertainty associated 
with the need to extrapolate the data from individual programs and trials to target populations as a 
whole.  All of these sources of uncertainty are present in CEAs of household water treatment 
interventions, but so are others such as imprecise estimates of cost and effectiveness.  While 
sensitivity analysis and probabilistic uncertainty analysis can be used to quantify this uncertainty to 
some extent, and thus allow analysts to report a range around a CER, policymakers will often fail to 
appreciate the uncertainty or understand how to interpret results when uncertainty intervals overlap.  
The WHO-CHOICE MDG Team perhaps puts this uncertainty most clearly in its recent series: “For 
cross disease analysis, we believe it is not possible to recommend that an intervention shown to cost 
$45 per DALY averted is more efficient than one costing $60, given the nature of the uncertainties. 
However, we are much more confident that $45 per DALY is better than $450 per DALY” (Evans 
2005).  Analysts have a special duty to present their findings in a manner that does not overstate their 
precision or conclusiveness. 
 
 The uncertainty associated with CEAs can be reduced with more reliable data.  In the case of 
household-based interventions to improve water quality,  all three types of uncertainty could be 
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reduced by collecting more complete data at the household level on demographics, water and 
sanitation facilities, current water treatment and other handling practices, hygiene behaviour, access to 
household-based intervention technologies, the acceptability and affordability of such technologies, 
and the prevalence and patterns of diarrhoea and other diseases associated with waterborne pathogens.  
This information could potentially be solicited as part of the existing international household surveys 
conducted by the USAID-supported Demographic and Health Surveys (DHS) and the UNICEF-
supported Multiple Indicator Cluster Surveys (MICS) (Ezzati 2005).  More complete and accurate 
information on the costs of implementing household-based water treatment interventions, particularly 
over the long term, can be obtained by providing programme implementers with the tools and means 
of recording and sharing cost data, and encouraging them to do so, perhaps with support (and 
pressure) by funders.  The WHO-backed International Network to Promote Household Water 
Treatment and Safe Storage is advancing this effort.  Finally, as suggested by the Cochrane review, 
assumptions used to estimate the effectiveness of water quality interventions to prevent diarrhoea 
must be enhanced by conducting rigorous, long-term, multi-arm trials in different settings that can 
help reduce or identify the sources of heterogeneity that characterize current pooled estimates.          
 
 The WHO recommends three other means of dealing with the uncertainty associated with 
CEAs.  Uncertainty relating to variables that carry value judgements should be subjected to one-way 
and, if appropriate, two-way sensitivity analysis. While WHO-CHOICE defaults to a 3% discount rate 
for both costs and health effects, with age-weighting, analysts are urged to examine the sensitivity of 
results by using 0% discounting for health effects, 6% for costs, and no age weighting.  Uncertainty 
relating to parameter estimates should be quantified by probabilistic uncertainty analysis using Monte 
Carlo simulations (repeated random draws from the distribution of each key variable to determine the 
probability distribution of the CER).  Finally, stochastic league tables can be used to provide 
additional information on how to interpret the results in view of the uncertainty.  The WHO has 
developed a software programme, known as MC League, based on Monte Carlo simulations, to help 
develop the stochastic league table.   Like the Cost-It and PopMod programmes, MC League can be 
downloaded directly from the WHO-CHOICE website.  It is anticipated that these steps will be taken, 
with assistance from WHO, when the foregoing results are prepared and submitted for publication. 
 
 Finally, in interpreting these results, four qualifications should be noted.  First, insofar as the 
effectiveness data on which this CEA is based concerns only the prevention of diarrhoea, this analysis 
reports only on the cost-effectiveness of selected interventions to prevent diarrhoea.  Thus, it does not 
address diseases such as typhoid, hepatitis A and E and polio that may be transmitted by the ingestion 
of unsafe water but whose pathology does not consist of diarrhoea.  While the burden of disease 
associated with diarrhoea dwarfs any other waterborne disease, these other diseases cannot be 
ignored.  Moreover, because the Cochrane review was limited to endemic diarrhoea, the impact of 
such interventions on epidemic diarrhoea will not be included in the DALYs averted.  By the same 
token all benefits other than health impacts will be ignored below. In these respects, this CEA will 
understate the true impact of such interventions.     
 
 Second, the comparison of household-based interventions with conventional improvements in 
water supplies (household taps, protected wells, rainwater harvesting, etc.) presents at least three 
potential problems.  First, as discussed above, these interventions are in an important sense more than 
interventions to improve water quality—they also typically increase water quantity and availability.  
To the extent that quantity and availability impact diarrhoeal disease, this is captured in the 
effectiveness estimates from the Cochrane review.  However, it is likely that increased quantity and 
access provides other health benefits, such as reducing water-washed diseases such as trachoma, 
improving personal hygiene thereby further impacting faecal-oral diseases, and saving time which 
may translate into improved nutrition and attention to risk factors at home (Esrey 1991; Cairncross 
2006).  Since household-based interventions do not typically increase the quantity or availability of 
water, they would not offer comparable benefits.  Second, because the Cochrane review identified 
only 6 trials of source interventions, no subgrouping within this category was possible to draw out 
possibly important differences in the effectiveness of the various types of source-based interventions.  
Esrey (1991) observed, and Cairncross (2006) recently emphasized with further data, that larger 
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reductions in diarrhoea were achieved from improvements in water supply that piped water into or 
near the home than those involving protected wells, tubewells or standpipes.  As discussed more fully 
below, household connections are excluded from this CEA since the effectiveness data from the 
Cochrane review did not include any studies involving interventions to improve household 
connections (with the arguable exception of Jensen (2003), who introduced chlorine into an existing 
distribution system that included household connections).  For assessments of the cost-effectiveness 
of household connections, readers are referred to Cairncross (2006).   
 
 Third, insofar as a CEA addresses only a specific health outcome, it will not encompass the 
non-health benefits of these conventional improvements in water supply.   As Hutton & Haller (2004) 
concluded in their CBA, most of the benefits associated with improvements in water supply are 
associated with time savings and improved productivity.  Household treatment of drinking water 
provides few benefits other than health, and as the Cochrane review concluded, even the health 
benefits are not clearly available in settings where there is not already a minimum level of water 
quantity available. Thus, while the CEA can help focus attention on optimal solutions to reduce 
diarrhoea, it must be read with a CBA to understand the overall impact of the possible interventions.          
 
 Finally, cost and cost-effectiveness, important as they are for setting health priorities, must be 
considered in the context of other economic and non-economic criteria, especially if the goal is to 
achieve a sustainable solution by having some or all of the cost of safe drinking water borne by the 
beneficiaries.  Among the other economic criteria are affordability and perceived value.  The fact that 
a point-of-use water treatment product may improve water quality at a lower cost per unit (person, 
household, day, litre, etc.) than some alternative product may be important to government planners, 
funders and policy makers.  But to consumers being asked to pay for the product, the overriding 
consideration may be whether they have enough money on hand that day to buy it (Prahalad 2005).  
Such “ability to pay” may depend not on the cost as determined by economic analysis, but on the 
price at that time and place that the householder must pay.18  A bottle of dilute sodium hypochlorite 
that costs $1.50 and can last a family six months has a significantly lower unit cost than a sachet of 
flocculant/ disinfectant priced at $0.10 and lasting less than a week.  Nevertheless, as companies who 
market to the poor have frequently found, consumers with limited cash may nevertheless prefer the 
sachets because they find them to be more able.   Similarly, consumers’ “willingness to pay” depends 
largely on their current cash position, other priorities, assessment of the risk to be avoided, perceived 
utility of the proposed solution, etc., economic factors that are not strictly related to cost (Whittington 
1990; Merrett, 2002).  Rogers (2004) has shown that non-economic factors, such as compatibility, 
complexity and observability, also influence consumer attitudes and practices with respect to adoption 
of an innovative product.  Policy makers and programme implementers must consider these factors in 
addition to basic cost and cost-effectiveness if they expect to secure some measure of cost recovery in 
scaling up household water treatment.   
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18  It is well known that lower-income populations pay a “poverty premium” for basic products and services 
such as water. Prahalad and Hammond (2002), for example, found that the price per unit of volume that the poor 
in Mumbai’s Dharavi slum pay for water from a vendor was 37 times the municipal price charged in a 
neighbouring middle-class area receiving piped water.    
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