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Abstract: Economic studies are essential in evaluating the potential external investment support and/or

internal tariffs available to improve drinking water quality. Cost–benefit analysis (CBA) is a useful tool to assess

the economic feasibility of such interventions, i.e. to take some form of action to improve the drinking water

quality. CBA should involve the market and non-market effects associated with the intervention. An economic

framework was proposed in this study, which estimated the health avoided costs and the environmental

benefits for the net present value of reducing the pollutant concentrations in drinking water. We conducted an

empirical application to assess the economic feasibility of removing arsenic from water in a rural area of

Argentina. Four small-scale methods were evaluated in our study. The results indicated that the inclusion of

non-market benefits was integral to supporting investment projects. In addition, the application of the pro-

posed framework will provide water authorities with more complete information for the decision-making

process.

Keywords: arsenic, drinking water, cost–benefit analysis, environmental benefits, health effects, non-market

benefits

INTRODUCTION

Water is a key resource in sustainable development and

poverty eradication, and it is essential for human health.

Therefore, access to safe water is a human right (UNDP

2006). Globally, improved1 drinking water sources have

reached high levels, with 89% of the world population and

86% of people in developing regions obtaining drinking

water from safe sources. Even so, 780 million people

Correspondence to: Marı́a Molinos-Senante, e-mail: maria.molinos@uv.es

1According to the UNDP (2012), improved sources are a piped household water

connection located inside the user’s dwelling, plot, or yard, public taps or standpipes,

tube wells or boreholes, protected dug wells, protected springs, or rainwater collec-

tion. Unimproved drinking water sources are unprotected dug wells, unprotected

springs, carts with small tanks/drums, surface water (rivers, dams, lakes, ponds,

streams, canals, irrigation channels), and bottled water.
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remain without the right to safe water; for example, in

2010, the UNDP (2012) found that more than one-tenth of

the global population relied on unimproved drinking water

sources.

Developing countries are focusing their efforts on

increasing the access to safe drinking water, and in devel-

oped countries the primary challenge is to improve the

quality of drinking water. Consequently, most countries

have regulations to protect human health from the adverse

effects of contaminated water intended for human con-

sumption. For example, the European Directive 98/83/EC

sets the drinking quality standards at the tap and maintains

a general obligation that drinking water must be whole-

some and clean. In the United States (US), the Safe

Drinking Water Act (SDWA) places strict limits on

approximately 90 chemicals and contaminants in com-

munity drinking water systems.

Rational decision making involves the adoption of

criteria based on the policy, project and/or intervention,

which are judged appropriate for the region, and subse-

quently performing an appraisal of how alternative options

compare (Pearce et al. 2012). Under the current global

economic crisis, an economic investment criterion has

become essential to support improvements in drinking

water quality. While politics typically determines which

programmes are implemented, a need for consistent eco-

nomic standards to review and establish competitive water

interventions should be considered in the current economic

climate (Ward 2012). Although several tools are available to

evaluate the economics of water programmes, cost–benefit

analysis (CBA) is most widely applied to evaluate the

economic feasibility of water programmes.

CBA is a useful tool in the decision-making process, since

it proposes various decision rules: (i) an intervention is only

feasible if the benefits are greater than the costs; (ii) if alter-

native options are available, the best option is the one with the

highest net present value and (iii) time can be incorporated

into the assessment through the use of discount rates.

Undertaking CBA of actions with environmental im-

pacts is complex because many environmental resources

(including most water resources) are public goods, and

therefore, do not have a market that sets the price. How-

ever, improvements contribute to human well-being, and

therefore, result in economic value. If these improvements

are omitted from appraisals, the economic assessment will

underestimate the intervention’s benefits. Unlike financial

analyses, CBA measures the overall welfare impact of

interventions, including non-market benefits. Therefore,

the use of this approach in government decisions is strongly

recommended (Hutton et al. 2007).

Despite the significant amount of resources allocated

to improving the access to and quality of drinking water,

information about the economics of such interventions

remains scarce. Most published studies have evaluated the

economic feasibility of increased access to safe water in

developing countries, but not water quality issues. Hutton

et al. (2007) carried out a CBA of water supply and sani-

tation for the Millennium Development Goal to be

achieved in 2015. Haller et al. (2007) conducted a cost-

effectiveness analysis to assess the increased access to im-

proved water supplies and sanitation facilities in 10 WHO

sub-regions. Hunter et al. (2009) completed CBAs in rural

populations of developing countries to provide non-market

benefits for water interventions. However, the studies ap-

plied empirical data restricted to the prevention of infec-

tious diarrhoea. Based on legal regulations, not only

microbiological but also chemical contaminants must be

monitored. As a consequence, other health effects resulting

from water contaminants should be evaluated in an eco-

nomic assessment, e.g. the increased risks of various cancers

(EPA 2013). Furthermore, improving the water quality

provides environmental benefits that should be integrated

into feasibility studies. Otherwise, a systematic underesti-

mation of the benefits can result.

Previous studies have modelled different intervention

types to achieve specific objectives, but none have reported

a systematic framework to assess the economic feasibility of

interventions. Furthermore, most studies have focused on

evaluating an increase in the access to drinking water, but

not on an improvement in the drinking water quality. The

primary objective of this study was to propose an economic

feasibility framework to assess drinking water quality

improvement, including market and non-market effects.

An empirical application was conducted to evaluate the

feasibility of reducing arsenic (As) contamination in a rural

area of Argentina. Because several water treatment tech-

nologies are available to remove As from water, a scenario

analysis based on the assessment of four technologies was

performed. Moreover, and taking into account the fact that

uncertainty and variability exist with all the variables used

in CBA (Narrod et al. 2012), a sensitivity analysis was

carried out by considering two discount rates, three cor-

rection factors for environmental benefits and a tolerance

of ±10% in benefit values.

The proposed economic framework provides an en-

hanced understanding of improving the economics of
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drinking water quality. Therefore, stakeholders and plan-

ners are now equipped with knowledge for planning and

decision-making processes. These results will also be valu-

able in selecting the most feasible water treatment when

several alternatives are available.

THE PROPOSED ECONOMIC FRAMEWORK

The proposed economic framework is an adaptation of the

traditional CBA to assess specifically the economic feasi-

bility of interventions aiming to improve the drinking

water quality. The objective of CBA as a tool is to compare

the economic feasibility of several scenarios, including the

‘do-nothing’ scenario, i.e. maintaining the current condi-

tions. It is important to note that this approach considers

externalities2 associated with policy, i.e. the benefits and

costs without a market value.

CBA’s main premise considers that projects should

only be commissioned when the benefits exceed the

aggregate costs. Such an analysis methodology is based on

the net present value (NPV) calculation for each of the

available options or scenarios, as shown in Eq. (1):

NPV ¼
XT

t¼1

P
Bi�

P
Ci

ð1þ rÞt
ð1Þ

where NPV is the net present value; Bi is the value of the

benefit item i; Ci is the value of the cost item i; r is the

discount rate; T is the time horizon of the intervention and

t is the time (in our case, years).

An intervention is economically feasible only if NPV

> 0, i.e. the intervention benefits outweigh the costs. If

NPV < 0, the costs exceed the benefits and the interven-

tion is not economically feasible. Implementation may be

justified by other factors, including social ones, but not

from an economic point of view. The best economic op-

tions offer the greatest NPV. The second choice for

selecting the best alternative within a group is to produce a

benefit–cost ratio; the preferred option is the one with the

highest benefit-to-cost ratio (Molinos-Senante et al. 2012).

The proposed economic framework is similar to a

traditional CBA, since both are based on comparing the

benefits and the costs of several alternatives to select the

most suitable one from an economic point of view. A

modification is that both the benefits are associated with

the reduction of adverse human health effects and the

positive environmental benefits of improving drinking

water quality. Therefore, the proposed economic frame-

work integrates market and non-market benefits.

The proposed framework to assess the economic fea-

sibility of improving water quality is based on five main

steps: (i) define the study area and the objective to be

achieved; (ii) define the different scenarios to be evaluated;

(iii) estimate the cost of each scenario; (iv) valuate the

intervention benefits and (v) calculate the net present value

of each scenario (Eq. 1), including uncertainty assessment.

Figure 1 shows a scheme for the proposed framework.

Subsequently, the main methodological issues of each step

are described and the results for the case study are pre-

sented.

PROPOSED STEPS

Step 1: Definition of the Study Area and the

Objective to be Achieved

The Study Area

The case study focused on assessing the economic feasibility

of reducing drinking water As concentrations in the

Department of Union, Province of Cordoba, Argentina.

The study area covers 11,182 km2, and the total population

in 2010 was 105,727 (INDEC 2012) (Fig. 2). The As

groundwater concentration exceeds the WHO recom-

mended drinking water guidelines and the Argentine na-

tional drinking water standard (Francisca and Carro Pérez

2009; Gomez et al. 2009). Pérez (2006) reported mean As

concentrations of 1,200 lg l-1 in groundwater samples

from the study area. Efforts to resolve the problem on the

medium and large scales have been successful, but very few

interventions have been carried out in rural areas (Litter

et al. 2012). In rural settings, the As concentrations are even

higher in shallow aquifers, which are the only affordable

drinking water resources available for most of the rural

population (Bundschuh et al. 2004). The regional rural

population still affected by As contamination consists of

approximately 25,000 people (INDEC 2012).

The Objective of the Intervention

Water contamination by As is a worldwide problem, which

is particularly prevalent in developing countries. Generally,

2Externality refers to any consequence (positive or negative) of a purchase or use

decision by one set of parties on others who did not have a choice and whose

interests were not taken into account.
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Figure 1. Steps of the proposed

economic framework.

Figure 2. Location of the area of

study: Argentina, Province of Cor-

doba and Department of Union.
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the concentration of As in surface water is below 10 lg l-1,

which is the WHO recommended limit in drinking water.

However, near various forms of anthropogenic disturbance,

individual samples may range up to 5,000 lg l-1. Regard-

ing groundwater, the average As concentration is approx-

imately 1–2 lg l-1, although in areas with volcanic rock

and sulphide mineral deposits, the concentration of As in

groundwater can be as high as 3,000 lg l-1 (WHO 2001).

It is estimated that in Latin America alone, around 14

million people are exposed to the effects of drinking water

contaminated by As. In Argentina, this value reaches

approximately 4 million people (Litter and Bundschuh

2010). The affected region in Argentina is one of the largest

in the world and covers approximately 1 million km2

(Pérez 2006).

In this context, the main objective of the intervention

proposed is to reduce the concentration of As in the

drinking water to 50 lg l-1 or less, since this is the maxi-

mum threshold permitted by the Argentine national

drinking water standard.

Step 2: Definition of the Scenarios to be Evaluated

Arsenic removal from water is challenging. Several treat-

ment trains can be used to achieve the quality require-

ments; consequently, various scenarios should be assessed.

The selection of the most suitable processes involves many

possible options; however, the economic aspects are per-

haps the most important factors (Litter et al. 2010). Be-

cause our case study focused on a rural region,

conventional technologies, such as membrane processes or

ion exchange resins that involve high costs, were not con-

sidered. However, emergent technologies suitable for

implementation in rural populations were assessed. Litter

et al. (2012) reported small-scale and household low-cost

technologies to remove As from drinking water in isolated

rural areas in Latin America, which served as scenarios for

our study.

The basics of each technology (scenario) evaluated are

as follows:

(1) Combined oxidation, adsorption and coagulation/

flocculation methods

ALUFLOC is a sachet that contains an oxidant (chlorine),

activated clays (acting as As adsorbents and/or ion

exchangers) and a coagulant (Al2(SO4)3 or FeCl3) (Castro

de Esparza 2006). It acts to remove As and other chemical

pollutants in addition to disinfecting the water.

(2) Adsorption with low-cost materials

Geological materials have been demonstrated to be a viable

solution for removing As in rural areas (Claesson and

Fagerberg 2003). A basic requirement for low-cost technol-

ogy is locally available materials. However, the study area

does not support suitable remediation soils, i.e. with a low

pH and high Fe content; therefore, materials from other

regions would need to be imported. Claesson and Fagerberg

(2003) performed experiments using an acidic Fe-rich

laterite from Misiones, which is an Argentine province

located around 1,200 km from Union Department.

(3) Biological methods

Many aquatic plants accumulate high levels of As from

contaminated water. Consequently, constructed wetlands

are an emerging alternative to conventional methods for

removing As from water. These are an environmentally

conscious and low-cost technology. Several authors have

reported As removal processes in constructed wetlands

(Lizama et al. 2011; Litter et al. 2012; among others).

Moreover, due to land requirements, this technology is

only suitable for small communities, similar to that of our

case study.

(4) Zerovalent iron

As removal from water using zerovalent iron has been

studied at the laboratory and bench scales. In both cases,

the As concentrations in the effluent were lower than the

legislation’s requirements. The procedure is initially based

on oxidative chlorination, followed by the use of small iron

pieces for conditioning the flocs and ends with a filtration

process. Several prototypes have been built and applied in

different provinces of Argentina. The reactors were con-

structed with plastic materials (PVC and polypropylene),

the operating materials were sodium hypochlorite, iron

wool or filings, and the reactor does not use electric power

(Litter et al. 2012).

Step 3: Estimation of the Costs

Methodological Issues

The cost of each water quality initiative must be estimated

in performing CBA. The total costs involve the investment

costs (ICs) and the operational and maintenance costs

(OMCs) of the systems required to reduce water contam-

ination.

The ICs include land, civil works, machinery and

equipment. The OMCs involve the maintenance and
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operation of the water treatment system, e.g. staff, energy

and reagents. The total costs do not include any costs re-

lated to the water distribution network (either ICs or

OMCs). The economic framework followed in this study

addressed the monetary means to improve the drinking

water quality and not increased access to safe water.

Similar to any investment project, the costs must be

commensurate with the duration of the project. Hence, an

appropriate discount rate and the project lifespan should be

applied to discount the total costs to the present value. The

total economic cost (TEC) reflects the ICs and annual

OMCs discounted to the present value.

TEC ¼ ICþ
XT

t¼1

OMC

ð1þ rÞt
ð2Þ

where TEC is the total economic cost (€); IC is the

investment cost (€); OMC is the operational and mainte-

nance cost (€ per year); r is the discount rate; T is the useful

intervention duration and t is the year.

The discount rate selection can play an important role, as a

higher discount rate can result in a greater reduction of future

to present values. Furthermore, it reflects the investment

opportunity cost. Despite the importance of the discount rate

value, economic theory has not established a ‘correct value’

(Kaplow and Weisbach 2011). The identification of the dis-

count rate is challenging; therefore, the net present value

should be computed for several possible discount rates. The

United Kingdom Government uses a declining discount rate

formula for long-term impacts (Treasury 2003).

Several approaches can be followed to assess the costs.

The simplest is to carry out case-by-case analysis. Other

methods, such as a Monte Carlo simulation model, will be

useful if the number of agglomerations to be evaluated is high.

The Costs of Reducing the Arsenic Concentration in Drinking

Water in the Case Study

Table 1 summarises the total economic costs of the four

scenarios evaluated. Based on previous studies (Almansa

and Martı́nez-Paz 2011; Molinos-Senante et al. 2011b,

2012), two discount rates were applied to update the costs,

and the intervention duration was assumed to last for 15

years. Substantial cost differences are illustrated. However,

it should be noted that the objective of our study was not to

rank the technologies based on cost. For this purpose, a

cost-effectiveness analysis is more suitable. Our aim was to

evaluate the economic feasibility of reducing As contami-

nation in drinking water. However, due to the wide variety

of methods available for removing As from water, we

considered it necessary to assess the costs of four of the

most appropriate regional technologies, and the choice of

suitable technology is influenced by a combination of fac-

tors, including economic, social and technological influ-

ences.

Regarding the removal of As by coagulation/floccula-

tion methods (scenario 1), Castro de Esparza (2006) con-

firmed that thirty sachets are required per family to treat

the water consumed in one month. The sachet cost is

approximately S/.0.916 (€0.28) (Castro de Esparza et al.

2005). The number of households in the study area is

approximately 8,330; therefore, 2,998,800 sachets are re-

quired to treat the drinking water consumed annually. The

total estimated costs are €839,664 per year. It is important

to emphasise that this technology does not involve ICs,

since the sachets are added directly to the contaminated

water. Castro de Esparza et al. (2005) reported that if the

ALUFLOC is sold in a solution in polyethylene containers

instead of sachets, the costs could be reduced to S/.11.67–S/

.16.25 per household month-1. However, the individuals in

the household should prepare the solution concentration,

which may result in inaccuracy. Therefore, at least initially,

the sachet option is likely to be more suitable. Based on

these figures, the total costs in the study region were esti-

mated at between €353,858 and €491,803 per year.

The second scenario evaluated was based on the re-

moval of As by adsorption with low-cost materials. In this

case, the costs for treating the water were estimated at

Table 1. The Investment Cost (IC), Operation and Maintenance Cost (OMC) and Total Equivalent Cost (TEC) for the Technologies

Evaluated

Technology IC (€) OMC (€ year-1) TEC (€) r = 3% TEC (€) r = 7%

ALUFLOC 839,664 10,048,311 7,702,519

Adsorption 930,750 11,138,342 8,538,081

Biological methods 3,528,700 372,190 7,982,721 6,942,923

Zerovalent iron 2,500,000 38,000 2,954,748 2,848,587
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$0.003 per litre (approximately €0.0023), including trans-

port costs for 1,100 km. The water consumption was 20 l

per person per day (WHO 2003), which included hand

washing, food preparation, drinking and basic hygiene.

Based on these figures, the total costs for our case study

would be around €410,625 per year. Our estimates were

derived from 2003 figures; therefore, because transporta-

tion costs have increased significantly in recent years, our

figures should be updated. Montamat & Asociados (2012)

reported that in the last two years, the fuel costs in

Argentina have increased by nearly 70%. Therefore,

assuming that the transportation costs from 2003 to the

present have increased by 70%, the total cost for water

treatment in our case study using this method would be

€930,750 per year. This value verifies that if the material is

unavailable locally, adsorption is not an affordable or

competitive technology.

To estimate the IC and OMC of removing As from

drinking water using constructed wetlands (scenario 3), the

cost functions reported by Molinos-Senante et al. (2012)

were employed. Hence, the IC was approximately

€3,528,700, and the OMC was estimated at €372,190 per

year.

Based on the material requirements and water con-

sumption, we estimated that As removal by applying ze-

rovalent iron (scenario 4) would involve approximately

€2,500,000 for IC and €38,000 per year for OMC.

Step 4: Valuation of the Benefits

Once the costs of each water treatment alternative have

been evaluated, the next step is to quantify the benefits.

Many potential benefits are associated with improving

drinking water quality. The market benefits are easily

identifiable and quantifiable; however, the non-market

benefits are difficult to measure and require economic

valuation methods. CBA must include the tangible and

intangible benefits resulting from interventions.

The benefits from improving drinking water quality

can be grouped into the following two main categories: (i)

a reduction in adverse human health effects and (ii) posi-

tive environmental effects.

Hutton et al. (2007) reported that the greatest benefit

associated with water supply interventions was the reduc-

tion in community time expenditure from accessing water

associated with closer water sources. However, because our

study focused on water quality, we did not address the

benefits related to time saving. Puig and Freire (2011)

assessed the economic savings in drinking water quality

improvement from the distribution of bottled water. In our

study, this assumption would involve double counting

benefits, because we considered that the health avoided

costs indicated that the population was drinking tap water

instead of bottled water.

Both human and environmental benefits are subject to

uncertainty. To overcome this limitation instead of consid-

ering just the mean value, certain tolerance levels for each

benefit considered were defined. The introduction of toler-

ances allows the narrowing of uncertainty and the ability to

make more reliable estimations of the benefits. According to

Bonilla et al. (2004), tolerances of ±5, ±10 and ±25% are

considered to be representative of a normal variation, a high

variation and an extraordinary variation, respectively. Based

on such criteria, in our study, the medium value of tolerance

(±10% of the mean value) was defined. Hence, each benefit

is not just a value but an interval of values.

The Methodology to Estimate the Benefits of Human Health

Effects

The customers’ value in reduced adverse health effects risk

included the following components: (i) direct medical

expenditure on illness treatment; (ii) indirect costs result-

ing from illness, which included the value of time lost from

work, decreased productivity, potential for demotion,

money spent on caregivers and premature death—these

factors representing the opportunity cost of illness (Cal-

houn and Bennett 2003) and (iii) pain and suffering

avoidance associated with illness and the reduction in

premature mortality risk.

The first two effects refer to market benefits. The effects

can be estimated directly, i.e. these are health avoided costs

gained by reducing drinking water contamination. How-

ever, the latter is a non-market benefit that can only be

quantified by economic valuation methods.

The medical costs of caring for several illnesses asso-

ciated with drinking unsafe water have been widely studied

(Hutton et al. 2007; Gordon et al. 2011; Kim et al. 2012).

The methodologies available to analyse medical costs are

diverse and dependent on the type of illness. Therefore, to

quantify the benefit type, the first step is to identify the

most significant diseases associated with water contami-

nation, and cooperation between regional economic and

health professionals is vital.

In general, many factors affect patients’ medical costs,

including geographic region, sex and age, among others. All

Economic Feasibility of Reducing Arsenic in Water



the available variables should be considered to characterise

patient medical costs.

The value of productivity lost from illness or pre-

mature mortality results in substantial losses to society.

Consequently, an economic assessment of interventions to

improve water quality should integrate the avoided costs.

For example, the indirect costs of cancer—due to several

causes—in 2009 for Poland accounted for more than 0.8%

of its GDP (Macioch and Hermanowski 2011). In Ger-

many, the indirect cost of absenteeism in the workplace due

to cancer (excluding premature mortality costs) was esti-

mated at 0.7% of the GDP (Wilking and Jonsson 2005).

These figures emphasise the importance of decreased pro-

ductivity associated with disease for national economies.

Despite the existence of several approaches to estimate

the indirect costs associated with illness, the human capital

approach is the most widely applied. It relies on earnings as

a measure of productivity. The methodology calculates the

expected lifetime earnings that would have been made had

disease or death been avoided (Bradley et al. 2008). Con-

sequently, earnings are used as a proxy for loss of pro-

ductivity. Wage and production structure data can be

obtained from the national or regional bureaus of statistics.

Non-market benefits, the methods used to estimate the

economic value of the risk reductions, are based on will-

ingness to pay (WTP). Many studies have examined the

WTP for reducing different types of risk, including air

pollution (Roman et al. 2012), road safety (Hakes and

Viscusi 2007) and accidents in the workplace (Tsai et al.

2011). The contributions to drinking water quality have

been more limited, and have served to estimate the eco-

nomic value of the health benefits derived from risk

reductions associated with improving drinking water

quality (Adamowick et al. 2011; Maddison et al. 2005).

The avoided costs from reducing negative health effects

can be expressed as follows:

HAC ¼
XT

t¼1

PK
K¼1 MEkt � nkt

� �
þ
PJ

J¼1 AWjt � njt

� �
þ WTPRt � nktð Þ

ð1þ rÞt

ð3Þ

where HAC are the health avoided costs (€); MEk is the

direct medical expenditure for one person to treat the ill-

ness k (€ person-1 year-1); nk is the number of avoided

cases of the illness k; AWj is the average wage of the pro-

ductive sector j (€ person-1 year-1); nj is the number of

avoided cases of the illness in the productive sector j;

WTPR is the average WTP from risk reductions (€ person-1

year-1); N is the total population of the area affected by the

intervention; r is the discount rate; t is the year and T is the

intervention time horizon.

The Economic Value of the Human Health Effects of

Reducing Arsenic Concentration in Drinking Water in the

Case Study

There is substantial epidemiological evidence linking ele-

vated As concentrations in drinking water to human health

problems (WHO 2001; Hopenhayn 2006). Most data

detailing the health effects of As-contaminated drinking

water come from a series of studies conducted in Taiwan,

India, and Bangladesh. However, McClintock et al. (2012)

reviewed the health effects from As exposure in Latin

America. In the province of Cordoba, Argentina, Hopen-

hayn-Rich et al. (1996) found a strong association between

As exposure and bladder and lung cancers. In addition, in

the same study area, kidney cancer mortality was elevated

in people who were exposed to high As concentrations in

drinking water (Hopenhayn-Rich et al. 1998). The few

studies published in Latin America addressing liver and

skin cancer were not conducted in Cordoba. Therefore, due

to individual risk factors attributable to metabolic variation

in different geographic regions (Steinmaus et al. 2010), we

did not include the latter types of cancer in our analysis.

Other chronic non-malignant effects traditionally

associated with As exposure include skin lesions, cardio-

vascular disease and respiratory illness (Gómez 2008).

However, McClintock et al. (2012) reported that chronic

exposure symptoms were inconsistent among patients.

Therefore, we excluded these health effects from our study.

Based on a review of published reports from our study

area, it is clear that decreased As concentrations in drinking

water will reduce the number of cases of liver, lung and

kidney cancers.

The standardised mortality ratios (SMRs) for all ages

combined in Union Department for lung, bladder and

kidney cancers (Hopenhayn-Rich et al. 1996, 1998), as well

as the expected deaths due to high As concentrations in

drinking water for each cancer type, are provided in

Table 2. These figures do not represent the total expected

deaths, but the deaths associated with high As concentra-

tions in drinking water. The values were calculated based

on the cancer mortality rates in all of Argentina (Matos

et al. 2003), and the Union Department SMRs were applied

to each gender for the 2010 population. We multiplied by

15 to obtain the expected deaths for the intervention

duration.
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The total cost savings were calculated by multiplying

the health service unit cost by the number of averted cases.

Due to the absence of studies determining the medical costs

of treating cancer in Argentina, data from the US were

extrapolated to our study area. Chang et al. (2004) esti-

mated the direct costs of seven malignant neoplasm types,

including lung cancer. The specific costs for treating pa-

tients with bladder and kidney cancer were not evaluated;

therefore, the mean total direct medical expenditure was

used. The total estimated medical costs avoided by reduc-

ing the As concentrations in drinking water for our study

area would be approximately €385,696 per year.

The indirect costs associated with illness and pre-

mature death were estimated based on productivity loss.

Hopenhayn-Rich et al. (1998) did not detect age-specific

SMR heterogeneity. Therefore, we assumed that the dis-

tribution of cancer cases by age in the study area was

similar to that in all of Argentina. INDEC (2012) showed

that the working age of the population ranges from 14 to 65

and the employment rate is 60%. Furthermore, our study

was conducted in rural areas, and due to the absence of

data, we determined that 100% of the population was

employed in the primary sector. Based on these assump-

tions, we estimated that the productivity loss in the Union

Department rural areas due to high As concentrations in

drinking water amounted to approximately €168,291 per

year.

Regarding health effects without market value, several

studies have addressed how much money people are WTP

for improved drinking water quality to reduce health risks

in developed and low-income countries (Um et al. 2002;

Dutta et al. 2005; Dupont and Jahan 2012). Ahmad et al.

(2005) determined the WTP for access to arsenic-free

drinking water in rural Bangladesh. Based on the contin-

gent valuation survey data for 2,700 households, the WTP

was estimated at US$2.4 per year per household. This figure

represented 0.2% of the mean household income. Given the

socioeconomic differences between the population of

Bangladesh and that of Argentina and taking into account

the recommendations suggested by Ready and Navrud

(2006) to transfer benefits at the international level, it was

considered more reliable to transfer an income percentage

rather than a mean WTP value. Hence, based on the

household number in the study area, and its average in-

come, the value to reduce health risks was €57,477 per year.

Similar to the assessment costs, the benefits associated

with human health improvements must be updated for the

intervention duration (15 years) considering the two dis-

count rates (3 and 7%). The economic value from reducing

As concentrations in drinking water, as the result of posi-

tive human health effects, is shown in Table 3. The data

indicate that 63% of the total HACs were due to direct

avoidance of medical expenditure on treating cancer pa-

tients. The productivity loss represented 28% of the total

avoided costs, while the non-market benefits, i.e. the value

of risk reductions, comprised 9% of the HACs.

The Methodology to Estimate the Environmental Benefits

The improvement of drinking water quality exhibits posi-

tive environmental effects, as water is ultimately reintro-

duced into the environment. However, an estimate requires

the application of economic valuation methods. Conse-

quently, economic theory has developed a wide range of

techniques to value non-market goods, including placing a

value on environmental intervention benefits.

Traditional valuation techniques are based on the de-

mand approach. In the field that concerns us, stated pref-

erence methods are the most common (Bateman et al.

2006). These approaches are based on simulating a hypo-

thetical market by surveying the processes. Consequently,

the WTP for a particular good or service, or the willingness

to accept (WTA) payment in exchange for bearing a par-

ticular loss, is estimated. The primary categories of stated

preference methods are the contingent valuation method

and choice modelling techniques (Fig. 3).

Table 2. Standardised Mortality Ratios (SMR) (Hopenhayn-Rich et al. 1996, 1998) and Expected Deaths Due to High Concentrations

of As in Drinking Water in the Department of Union (Argentina)

Lung Bladder Kidney

SMR Expected deaths SMR Expected deaths SMR Expected deaths

Male 1.72 112 2.60 23 1.56 13

Female 2.29 30 2.87 5 1.76 6

Total 142 28 19
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Respondents are questioned directly regarding their

WTP or WTA for increase or decrease in public goods in

the contingent valuation method. Alternatively, the choice

modelling techniques are based on ranking or rating a

series of ‘product profits’ that characterise products with

specific attribute levels (Pearce et al. 2002).3

It should be noted that most water contamination issues

are due to anthropogenic sources. Therefore, improving the

drinking water quality does not involve achieving the good

ecological status of water bodies. Nonetheless, the WTP

typically refers to this status. An overestimation of envi-

ronmental benefits must, therefore, be avoided. The WTP

must be multiplied by a correction factor that ranges from 0

to 1; 0 indicates that the intervention does not result in any

environmental improvement and a correction factor of 1

indicates that a reduction in drinking water pollutant con-

centration achieves the good ecological status of the receiv-

ing water body. The correction factor is a tool to establish the

environmental benefits to real improvement gained from the

proposed intervention. Pulido-Velazquez et al. (2008) fol-

lowed a similar approach.

Unless changes in the pollutant distribution in and out

of a water body are quantitatively modelled and subse-

quently assessed, our analyses cannot determine the degree

to which an intervention can contribute to improving the

ecological conditions of a water body. Therefore, the cor-

rection factor selection is subjective and depends on the

analyst’s criteria.

Based on a distance function approach, Färe et al.

(1993) developed an alternative methodology to value

undesirable outputs resulting from activities with no mar-

ket value; unlike traditional methods, it is based on cost

production. Several empirical applications have been

developed to estimate the shadow prices of pollutants re-

moved from wastewater as a result of treatment (Hernán-

dez-Sancho et al. 2010; Molinos-Senante et al. 2011a).

Contaminants extracted from wastewater are undesirable

Table 3. Health Avoided Costs Associated with a Reduction in the Concentration of As in the Area of Study

Human health effect Avoided costs (€ year-1) Avoided costs (€) r = 3% Avoided costs (€) r = 7%

Direct medical costs avoided 347,126–424,265 4,154,083–5,077,213 3,184,306–3,891,930

Loss of productivity avoided 151,462–185,120 1,812,554–2,215,344 1,389,411–1,698,169

Risk health avoided 51,729–63,225 619,048–756,614 474,530–579,982

Total health avoided costs (HAC) 550,318–672,610 6,585,684–8,049,170 5,048,247–6,170,080

Figure 3. Scheme of the stated

preference methods.

Table 4. Environmental Benefits Associated with a Reduction in the Concentration of As in the Area of Study Considering Three

Correction Factors

Environmental benefits (€ year-1) Environmental benefits (€) r = 3% Environmental benefits (€) r = 7%

Correction factor 0.3 136,633–166,995 1,635,092–1,998,446 1,253,378–1,531,906

Correction factor 0.6 273,265–333,991 3,270,183–3,996,891 2,506,755–3,063,811

Correction factor 0.9 409,898–500,986 4,905,275–5,995,337 3,760,133–4,595,718

3Many reports and books have been published describing these methods. For more

information, see Alberini and Kahn (2006) or Carson (2011).
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outputs, i.e. if pollutants are released into the environment,

they generate a negative impact. Therefore, the shadow

prices of pollutants are considered as a proxy for the

environmental benefits of wastewater treatment.

The same methodology can be applied to estimate the

environmental benefits gained from improving the drink-

ing water quality, since it is based on pollutant removal

from water. However, it is important to emphasise that to

apply this approach, detailed data regarding the relation-

ship between operational costs and efficiency in pollutant

removal are required. To date, studies that value the

environmental benefits of drinking water have not been

published. Therefore, we consider it more appropriate to

follow the traditional methodology, i.e. WTP.

The environmental benefits gained from improving the

water quality can be expressed as follows:

EB ¼
XT

t¼1

WTPEt � NHtð Þ
ð1þ rÞt

� CF ð4Þ

where EB are the environmental benefits (€); WTPE is the

average willingness to pay for improving the quality of

water bodies (€/household year); NH is the number of

households in the area affected by the intervention; CF is a

correction factor ranging from 0 to 1; r is the discount rate;

t is the year and T is the intervention time horizon.

The Economic Value of the Environmental Benefits of

Reducing the Arsenic Concentration in Drinking Water in the

Case Study

Quantifying the environmental benefits using the stated

preference methods requires complex and expensive survey

processes; therefore, benefit transfer methods are gaining

interest. Benefit transfer methods are based on estimates

from the value of an environmental target ‘policy’ site using

analyses conducted from another ‘study’ site (Hanley et al.

2006). Despite the procedure’s reliability remaining under

discussion in the literature (Johnston and Thomassin 2010),

from a practical viewpoint it is not feasible to carry out an

economic valuation exercise for each policy intervention.

Therefore, some sophisticated approaches have been

developed to improve the accuracy of benefit transfer,

including the analysis of a spatial dimension in environ-

mental valuation (Martin-Ortega et al. 2012) or the use of

transferable value functions (Bateman et al. 2011). How-

ever, due to the increased complexity, in practical decision

making, two simpler approaches are frequently employed

(Bateman et al. 2011): (i) direct benefit transfer (DBT),T
ab
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which is the simplest method, whereby the mean unit study

site value is transferred to the policy site and (ii) the ad-

justed benefit transfer (ABT), which is based on the same

concept as DBT, but makes distinctions between the two

sites, e.g. income levels (Muthke and Holm-Mueller 2004).

The Water Framework Directive (Directive 2000/60/EU)

emphasises the role of economic analyses in water resource

management; therefore, most studies have been conducted in

European countries that value environmental benefits to im-

prove water quality. The DBT approach assumes that the

attributes of the environmental good and local population

preferences are identical at the two sites. Taking into account

this drawback, to estimate the environmental benefits in our

case study, it was considered more appropriate to use the

empirical application developed by Sarmiento and Carignano

(2011). The authors estimated the WTP to increase the water

quality in the Dulce River in Santiago del Estero, Argentina.

The mean WTP was US$6.75 per household month-1. The

transfer of this value to our case study determined an envi-

ronmental benefit of €506,047 per year.

Three correction factors were considered to narrow the

uncertainty associated with the economic value of envi-

ronmental benefits. Moreover, as regards the health bene-

fits, a tolerance level of ±10% of the mean value was

defined. The values, including the two discount rates, are

shown in Table 4.

Step 5: Calculation of the Net Present Value

Considering all the costs and benefits associated with

improving the quality of the drinking water (Eqs. 2, 3, 4),

the NPV (Eq. 1) can be expressed as follows:

NPV ¼ HACþ EB� TEC ð5Þ

Based on Eq. (5), the NPV was calculated by com-

paring the total benefits derived from improving the

drinking water quality with the total economic costs of each

treatment evaluated. Detailed results based on interval

values are gathered in Table 5, while Figure 4 shows the

results based on average values.

The results indicated that zerovalent iron and biolog-

ical methods, i.e. constructed wetlands, have a positive

NPV in all the scenarios. Consequently, from an economic

point of view, these treatments are always feasible. In fact,

the zerovalent iron method is feasible considering only the

market benefits, i.e. direct medical costs and loss of pro-

ductivity avoided. According to the economic assessment,

this treatment would be the most suitable for reducing As

contamination in drinking water. On the other hand,

adsorption processes might be the only feasible treatment if

the correction factor is high, i.e. the economic viability of

adsorption is contingent on the process resulting in high

environmental quality improvement of water bodies. Fi-

nally, the ALUFLOC method is feasible if the environ-

mental improvement is medium or high.

CONCLUSIONS

Although access to safe drinking water is a human right,

interventions to increase the quality of drinking water

should be evaluated from an economic perspective to

support stakeholders’ investments. Since many undevel-

oped regions of the world can simply not afford to

undertake these projects, it is essential to conduct some

Figure 4. Net present value in

millions of euros for the selected

technologies based on mean val-

ues.
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form of economic assessment to determine the feasibility of

an intervention. CBA is a useful tool for that purpose.

It is well known that some of the benefits gained from

improved water quality, such as environmental ones, have a

non-market price. However, it is essential to include these

benefits in economic assessments. Otherwise, the real

benefits would be underestimated.

Consequently, we proposed an economic framework to

assess the feasibility of interventions to increase drinking

water quality, including market and non-market benefits.

The costs involved in reducing water contamination in-

cluded investment and operational and maintenance costs.

In addition, the benefits can be classified into market

benefits, such as direct medical expenditure on illness

treatment and productivity loss avoided, and non-market

benefits, which involve the reduction of premature mor-

tality risk and environmental benefits. Therefore, the true

intervention benefits and costs are incorporated into the

net present value.

In order to illustrate the value of the proposed eco-

nomic framework, an empirical application was conducted

to assess the economic feasibility of reducing the As water

concentrations in rural Argentina. We estimated the net

present value from four technologies. To narrow the

uncertainty, two discount rates, three correction factors for

environmental benefits and a tolerance of ±10% in benefit

values were considered. The results indicated that zerova-

lent iron and constructed wetlands are economically fea-

sible systems, and investments to improve drinking water

quality should support these approaches economically. On

the other hand, ALUFLOC and adsorption processes are

feasible depending on how the environmental benefits are

incorporated into the CBA.

The application of CBA instead of financial analysis

allows the incorporation of social benefits into the eco-

nomic assessment. However, some caution should be

exercised when employing CBA. First, economic valuation

methods just provide a proxy for non-market benefits.

Second, to narrow the uncertainty, several scenarios should

be evaluated. Finally, it is a challenge to carry out an eco-

nomic exercise for each intervention or project. Hence,

benefit transfer methods are required, which add an extra

source of uncertainty to the exercise. Despite these limita-

tions, it is vital to include non-market benefits in economic

feasibility studies to support investment projects with the

goal of improving drinking water quality. Otherwise, these

benefits are ignored, when it is well known that they make a

substantial contribution to increasing human well-being.

Beyond the empirical application developed to address

As contamination, the proposed economic framework is of

special interest to authorities and stakeholders, since it

provides a systematic tool to assess the economic feasibility

of water interventions. Therefore, authorities are provided

with enhanced information to support the decision-making

process.
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