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Executive Summary 

Arsenic contamination of groundwater aquifers presents a significant health threat to populations in 

parts of Cambodia.  Recent evidence from Bangladesh suggests that arsenic exposure can be 

responsible for over 20% of all deaths in exposed populations.  Arsenicosis cases have already been 

confirmed in over 300 people in several parts of Cambodia.  A recent population impact assessment 

on arsenic exposure indicated that between 100,000 to 200,000 people consume arsenic 

contaminated drinking water as their primary drinking water source in Cambodia.  Various arsenic 

awareness and water source improvement programs have already been implemented over the past 

decade to provide access to arsenic-safe water, test tube wells, and educate households about the 

risks associated with arsenic exposure.  These activities have been guided and supported by the 

development and implementation of arsenic-specific strategic action plans put forth by the 

Department of Rural Water Supply of the Ministry of Rural Development, which outlines the goals, 

objectives, and outputs associated with arsenic mitigation in Cambodia.   

Arsenic-safe alternative water supply options are utilized throughout the arsenic impacted area and 

can be further promoted in areas with continued arsenic exposure from tube wells.  These 

alternative water supplies include:  piped water; water vendor systems; rainwater harvesting; dug 

wells; arsenic-safe tube wells, and surface water.  The feasibility, practicality, and ultimate success of 

implementing these water supply options under the context of arsenic mitigation depends greatly on 

understanding the decision factors specific to each option and the communities being targeted.  Key 

water supply decision factors include cost-effectiveness, sustainability, potential for risk substitution, 

technical requirements, and feasibility of maintenance and operation.  Key community decision 

factors include proximity to surface water sources, population density, willingness to pay, user 

preference, road conditions, availability of materials/supplies, and support level of local government.   

This report describes the advantages and disadvantages, and hardware and software costs of the 

aforementioned water supply options, to assess their potential value for scaling-up as part of 

mitigation efforts in communities and households with continued arsenic exposure.  These activities 

indirectly support Outputs 1.1, 2.3, and 2.4 from the Arsenic Strategic Action Plan which are, 

respectively, to capacity-build national and sub-national government to effectively manage arsenic 

mitigation activities, provide access to safe water in affected communities, and to have communities 

change and sustain the behavior of drinking arsenic-safe water.   

Project activities were divided into desk and field studies. The desk study compiled and summarized 

relevant data, research, and reports.  The field study included: collection of additional data on water 

quality of the water supply options assessed; a household survey to better understand water source 

preferences, advantages and disadvantages, costs, willingness-to-pay, and drinking water related 

behaviors and choices among the target population; and a cost analysis to collect and compare data 

on hardware and software costs associated with arsenic mitigation and implementation of water 

supply options.   

A regional dissemination workshop was conducted in Phnom Penh, Cambodia in November 2011, to 

share project findings with stakeholders from Cambodia, Vietnam, and Laos and engage in 

discussions about future arsenic mitigation planning. 
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We surveyed 870 households in 20 different locations within the arsenic impacted area of Cambodia 

to characterize water supply behaviors, choices, and preferences, advantages and disadvantages of 

water supply options, and willingness-to-pay for key scenarios.  Usage of tube wells for domestic 

purposes such as washing, bathing, and cleaning, was common throughout the study area.  About 

one-third of surveyed households still drank tube well water. Of those, 44% had never had their well 

tested, and 16% continued to drink water from wells that were tested and found to be unsafe.  The 

households that continued to drink unsafe water were more likely to be poor, less educated and less 

aware of arsenic hazards.  Of households that previously used tube wells for drinking and then 

stopped, 90% stated that this was because their well was tested and found to be unsafe for arsenic. 

Nearly all households stored water at their home and the majority utilized traditional storage jars 

approximately 500 liters in size.  Of the households that stored rain water throughout the dry 

season, the average household storage capacity was approximately 5000 liters.  Most households 

treated their water prior to consumption, however, only about half of households (depending on 

water source) always treated their water.  Rainwater, tube well, and piped water were the most 

preferred water supply options in the surveyed communities.  However, if cost was not a decision 

factor, piped water supplies were overwhelmingly the most preferred option.  Households were 

most willing to pay for vended potable water, followed by piped water.  Willingness to pay was 

lower for arsenic-safe deep tube wells and year-round rainwater storage capacity.  A suggested 

payment scheme of $10/month nearly doubled the willingness of households to participate in water 

supply options involving household capital investments.   

Our water quality assessment revealed that dug well water, surface, and untreated vendor water 

typically had high to very high microbial risk.  In contrast, rain water, treated piped water, and tube 

well water typically had minimal to medium microbial risk.  Storage of water at the household 

increased microbial contamination.  Non-arsenic chemical hazards such as fluoride, nitrate, and 

manganese, may impair the quality of arsenic-safe tube and dug wells.   

Our cost analysis evaluated the hardware and software costs of five arsenic-safe water 

interventions: large-scale piped water system with private connections, small-scale piped water 

system with public connections, rain water harvesting system, deep tube wells, and protected dug 

wells.  The hardware costs, such as capital expenditures, and software costs, such as time spent 

collecting water, were compared for each source.  Using data from systems already implemented in 

Cambodia, we estimated costs that would be associated with future water interventions for rural 

Cambodians.  Rain water harvesting was the least costly option, based on estimated total costs or 

per-person costs over a 10 year investment period.  However, the large-scale piped water system 

with private connections was the least costly option, based on estimated per-liter costs.   

Based on our findings, we recommend: 

1. Avoid creating new problems.  Do not replace one problem—arsenic health effects and 

cancer risk—with other problems, particularly health problems related to:  other chemical 

contaminants, and microbial contaminants, particularly childhood gastrointestinal illness 

2. Look at the need for arsenic mitigation as an opportunity to address more than one water 

quality problem in arsenic impacted areas. A well-chosen strategy for promoting arsenic-

safe water sources can reduce the health risk from other chemical contaminants found in 
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groundwater—such as manganese and fluoride—and promote water sources and water 

treatment practices that address microbial risks. 

3. Do not forget the basics.  Continue to promote household drinking water treatment; 

aggressive efforts to identify untested tube wells in the most impacted communities; 

education activities directed at users of untested and known arsenic-unsafe tube wells. 

4. The goal of any drinking water intervention should be to provide affordable water with the 

best possible quality and to promote household drinking water treatment and safe storage 

to minimize the risk of illness associated with diarrheal diseases . 

5. We recommend that efforts to provide arsenic-safe drinking water focus on these three 

sources:  large-scale (and possibly small-scale) community piped water systems with 

treatment; rainwater harvesting with year-round storage capacity; and possibly, vendor sale 

and delivery of potable water in sterile and self-contained jugs with a spigot.   

6. Utilize existing population impact assessment data (prioritization of villages/communes by 

estimated arsenic exposure) to target communities for well testing and education programs, 

and if necessary, subsequently perform feasibility studies on arsenic-safe water 

interventions. 

7. Design interventions specifically to reach the poorest or relatively marginalized members of 

communities, possibly using consumer subsidies, microcredit, or operator/vendor 

incentives. 

8. When planning interventions, consider the potential benefits of intervention options, and 

not just the costs. We emphasize that our study evaluated current practices, people's 

attitudes and perceptions, and costs of different water sources.  We did not conduct a cost-

benefit study.  It is possible that a slightly more costly intervention might have greater 

health benefits or greater consumer satisfaction.  Any "arsenic" intervention that can also 

potentially reduce the risk of microbial contamination and gastrointestinal illness, could 

provide substantial savings to individuals and society. 

9. Avoid fragmented or non-coordinated approaches to arsenic interventions.  It is not 

necessary for the government to take direct responsibility for all interventions.  However, the 

government should continue its leadership role and develop a national service delivery plan, 

to ensure that arsenic-safe and microbially-safe water sources are developed in an efficient 

manner for communities and people that are most at risk in the arsenic impact area. 
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1. Introduction 

In June 2011, the World Bank Water and Sanitation Program (WSP), in collaboration with the 

Cambodian Ministry of Rural Development (MRD), commissioned Resource Development 

International Cambodia (RDI) to conduct a project entitled, “Study of Options for Safe Water Access 

in Arsenic Affected Communities in Cambodia”.  The objective of this initiative was to study and 

report on the hardware and software costs and advantages and disadvantages of alternative options 

for safe water supply in arsenic affected communities in Cambodia.  These activities serve to support 

various outputs of the Arsenic Strategic Action Plan1 referenced as follows: 

 “Output 1.1: Capacity of MRD-arsenic AISC secretariat, PDRD, DORD in effectively manage, 

regulate, coordinate, promote, monitor and evaluate arsenic mitigation activities 

strengthened” 

 “Output 2.3: Access to safe water in arsenic affected communities increased” 

 “Output 2.4: Communities change and sustain behavior of drinking arsenic-safe water” 

This study consisted of the following components: 

1. Inception Report to present and detail the proposed objectives, activities, and outputs in 

accordance with the Terms of Reference for the project. 

2. Formation of a project advisory group to provide input and feedback on overall progress 

and direction of the study. 

3. Desk study to compile and summarize relevant data, research, and reports. 

4. Field studies to collect data relevant to the Cambodia arsenic impact area, consisting of: 

a. Water quality assessment of selected options for safe water access and water 

storage in the household 

b. Household survey to collect data on water source preferences, advantages and 

disadvantages, costs, willingness-to-pay, and water-related behaviors 

c. Cost analysis to collect data on hardware and software costs and compare water 

supply options on a per capita basis. 

5. Regional dissemination workshop to present findings to regional stakeholders and 

provide opportunity to discuss and revise country-specific arsenic action plans. 

6. Draft report to provide project advisory group the opportunity to provide input and 

feedback. 

7. Final report for submission to WSP and MRD [current document]. 

This document is the Final Report and consists of revisions and modifications resulting from 

comments from the Project Advisory Group on the Draft Report submitted in December 2011. The 

findings in this report will be valuable for policy and decision-makers involved in arsenic mitigation 

in Cambodia, in the Greater Mekong sub-region, and throughout the world.  Additionally, this study 

has revealed useful information about rural water supply in general and should improve the reader’s 

understanding of common and emerging water supply options in rural Cambodia and how water 

access, storage, and quality can be optimized. 
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2. Desk study - Background 

2.1. Arsenic as a health concern 

Arsenic is widely regarded as one of the most widespread and poisonous of all naturally occurring 

water contaminants in the world.  The World Health Organization (WHO) has set a drinking water 

guideline value of 10 µg/L which has been adopted by many developed countries2.  However, many 

developing countries, including Cambodia, have set and retained a standard of 50 µg/L due to 

restricted analytical capacity, technical limitations of achieving lower standards, and to prioritize 

actions for those most impacted.  Throughout history, arsenic has been used as a poison and can be 

lethal in acute doses of between 70 and 200 mg3.  However, in groundwater systems where arsenic 

is occurring naturally, chronic arsenic exposures at much lower concentrations are associated with 

cardiovascular diseases, cancers of the bladder, kidney, liver, lungs, skin, and neurological disorders4.  

Arsenic exposure, after at least 5 to 20 years, can sometimes cause a skin condition called 

arsenicosis where patients exhibit color changes of the skin and patches of hard skin on the palms 

and feet5.  In some cases, cancerous lesions and gangrene can occur, leading to partial loss of limbs.  

An ongoing study conducted in Bangladesh has revealed that groundwater arsenic exposure may be 

responsible for over 20% of all deaths from among an exposed sub-group6.  The human health 

effects associated with arsenic exposure are significant, and mitigation must be a priority for 

countries where there is substantial exposure. 

2.2. Arsenic worldwide 

Arsenic has been found in the groundwater supplies of more than 70 countries and over 150 million 

people are estimated to be exposed7.  Approximately 75% of this exposed population resides in 

South and Southeast Asia.  Notable impacted countries include Bangladesh, India, Nepal, China, 

Laos, Vietnam, Cambodia and Myanmar 8.  Figure 1 presents areas in South and Southeast Asia that 

are known to have arsenic-contaminated groundwater aquifers.  
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Figure 1:  Arsenic prevalence in South and Southeast Asia
7
 

2.3. Arsenic in Cambodia 

2.3.1. Extent of contamination and exposure 

Groundwater arsenic was first identified in Cambodia during a chemical drinking water quality 

assessment completed in 2001 and led by the MRD and Ministry of Industry, Mines, and Energy 

(MIME) with technical support from the World Health Organization (WHO)9.  Many subsequent 

studies have characterized groundwater arsenic levels throughout the country and assessed spatial 

and temporal variability4,10,11,12.  In 2004, the MRD initiated a national arsenic database to compile 

and report field arsenic test data being collected by provincial departments of rural development 

and NGOs.  In 2009, data from this database and the databases of other governmental and NGO 

projects were compiled into a National Well Database as part of a WSP funded program called 

WellMap (www.cambodiawellmap.com).  Groundwater quality and well attribute data can be 

downloaded or visualized using interactive maps on the website.  Well arsenic data for Cambodia 

from over 40,000 wells are shown in Figure 2, and summarized by province in Table 1. 

http://www.cambodiawellmap.com/
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Figure 2:  Extent of groundwater arsenic contamination in Cambodia 
Purple: Non-detect; Green: ≤10µg/L; Yellow: 10.1-50µg/L; Orange: 50.1-300µg/L; Red: >300µg/L 
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The most significant contamination resides in the south-eastern region of the country along and 

near the Mekong, Bassac, and Tonle Sap Rivers and their tributaries. 

 

Table 1:  Wellmap arsenic data by province 

 

Province 
Mean As 

(µg/L) 
# Arsenic Tests 

Max As 
(µg/L) 

% ≥50 µg/L % ≥250 µg/L 

Kampong Cham 54.87 7,219 2,500 37.9 7.1 

Kampong Chnang 5.29 1,977 300 4.5 0.1 

Kampong Speu 1.46 387 50 1.8 0.0 

Kampong Thom 11.04 1,843 500 7.1 0.1 

Kandal 113.22 20,293 1,000 41.3 21.3 

Kracheh 19.80 815 350 16.8 1.6 

Krong Pailin 3.56 365 100 2.7 0.0 

Otdar Meanchey 0.00 2 0 0.0 0.0 

Phnom Penh 12.56 356 250 11.8 0.3 

Prey Veng 30.69 9,770 1,000 16.4 4.8 

Siem Reap 1.47 382 30 0.0 0.0 

Stung Treng 0.22 179 10 0.0 0.0 

Svay Rieng 5.44 523 200 4.4 0.0 

Takeo 3.20 97 50 4.1 0.0 

All provinces 69.01 44,208 2,500 29.8 12.0 

Approximately 30% of the well tests conducted in the surveyed area do not meet the Cambodian 

Drinking Water Quality Standard for arsenic of 50 µg/L. 
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In early 2010, RDI conducted a population impact assessment for arsenic exposure in Cambodia (see 

Appendix A).  This study used data about primary drinking water sources from the 2008 National 

Census conducted by the Cambodia National Institute of Statistics, plus arsenic testing data from the 

WellMap database.  Figure 3 shows the formula used to estimate arsenic exposed populations. 

Figure 3:  Population impact assessment formula
14

 

 

This calculation was performed for the entire database of well tests, and for every village or 

commune that contained at least one well test.   Table 2 shows estimates of the provincial sub-total 

populations consuming arsenic contaminated drinking water as their primary water source. 

Table 2:  Arsenic impact assessment: Estimated size of exposed population, by province
14

 

Province 
Total 

Population 

Exposed 
population, 

≥50 µg/L 

Exposed 
population, 
≥250 µg/L 

Kandal 1,265,280 69,556 33,823 

Prey Veng 947,372 39,068 4,893 

Kampong Cham  1,679,992 22,880 4,545 

Kampong Chhnang 472,341 4,463 63 

Kampong Thom 631,409 2,276 121 

Phnom Penh 1,327,615 1,995 47 

Kratie 319,217 1,391 140 

Pailin 70,486 217 0 

Kampong Speu 716,944 169 0 

Takeo 844,906 103 0 

All Provinces 8,275,562 142,118 43,632 

 

This population impact assessment revealed that between 100,000 to 200,000 Cambodians were 

consuming arsenic unsafe arsenic contaminated tube well water as their primary drinking water 

source (allowing for imprecision of the 142,114 estimate).  In rural Cambodia, households commonly 

rely on multiple water sources at different times of the year.  It is possible that some tube well users 

reported other water sources as their primary water source for the Census, even though they also 



 

Final Report – Study of Options for Safe Water Access in Arsenic Affected Communities in Cambodia Page 6 
 

used tube well water for consumption.  Therefore the population impact assessment may under-

predict the number of people exposed.  It should be noted that rainwater harvesting is commonly 

practiced throughout the rainy season and that year-round tube well water consumption is 

uncommon.  Therefore the majority of exposures are probably variable or intermittent through the 

rainy season and dry season cycle. 

We ranked villages by estimated size of their arsenic-exposed populations, from highest to lowest.  

These are spatially illustrated in Figure 4.  Each blue point represents a village.  The size of the blue 

point is larger for villages with higher estimated arsenic-exposed populations.   

Figure 4:  Arsenic exposed populations by village (RDI) 

2.3.2. Policy history  

After the discovery of arsenic in Cambodia, the Royal Government of Cambodia formed the Arsenic 

Inter-Ministerial Sub-Committee (AISC) to develop and enact policy and action plans to guide arsenic 

mitigation for the country.  Government and non-governmental organization (NGO) led field teams 

were deployed to areas thought to be of high risk to test wells using arsenic field test kits and inform 

households of the dangers posed by arsenic exposure15.  Since this program was initiated, tens of 

thousands of wells have been tested throughout the country.  Many wells were painted red if unsafe 
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and green if safe, to inform and remind well users of the result.  However, new and mostly private 

groundwater wells continue to be drilled within the arsenic impacted area without testing, and laws 

are not yet in place to regulate or monitor well drilling activities. 

In 2004, MIME approved the first version of the Cambodian Drinking Water Quality Standards, which 

specify an arsenic standard of 50 µg/L16.  This document now regulates chemical and microbial 

drinking water quality for the country, and a second version is currently being prepared for 

endorsement by the government.   

In 2006, a 5-year strategic action plan for arsenic mitigation was established by MRD (but without 

official endorsement) with support of UNICEF, WSP and WHO.  The time period covered by this 

action plan has concluded, and at the time of writing this report, a draft revised strategic action plan 

has been developed and is awaiting official endorsement by the government.  This document 

outlines the goals, objectives, and outputs for arsenic mitigation in Cambodia, and prioritized 

activities to achieve them.  Notably, the two main goals are: 1 

 Goal #1: “Every person exposed to arsenic through the consumption of water from 

contaminated wells shall have sustained access to alternative safe water source so that the 

occurrence of arsenicosis and arsenic related diseases in Cambodia are minimized.” 

 Goal #2: “Every person affected by arsenicosis can be swiftly diagnosed, receive treatment 

for the signs and symptoms of the disease, and not be discriminated against or excluded from 

their community.”  

2.3.3. Drinking water supply in Cambodia 

The most common sources of drinking water in rural Cambodia are tube wells, protected or 

unprotected dug wells, and surface water.  The distribution of primary drinking water sources in 

rural areas from the last two National Censuses is presented in Table 3.  Note that the use of 

rainwater is significantly under-represented because the Census surveys were conducted late in dry 

season and rainwater is often not available for a sufficient number of months to be classified as a 

primary water source by households. 

Table 3:  Primary drinking water source in rural Cambodia, according to National Census
17

 

Main Source of  
Drinking Water 

1998 Census 2008 Census 

Number  
of Households 

Percent 
 (%) 

Number  
of Households 

Percent 
 (%) 

Piped water 27,698 1.5 102,306 4.4 

Tube/pipe well 277,657 15.4 681,192 29.5 

Protected dug well - - 127,927 5.5 

Unprotected dug well 810,042 45.1 559,016 24.2 

Rain water - - 24,292 1.1 

Spring, river etc. 561,220 31.2 618,579 26.8 

Bought water 73,004 4.1 164,511 7.1 

Other 47,884 2.7 33,235 1.4 

Total 1,797,505 100 2,311,058 100 
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Nearly 40% of rural Cambodians have access to improved water sources while the Millennium 

Development Goal for 2015 is 50%.  Tube wells are the most common primary rural water source 

and usage has doubled from 15% to 30% between 1998 and 2008.  Reliance on dug wells and 

surface water decreased significantly while usage of piped and bought water have increased but 

remain low.  While rainwater harvesting is commonly practiced throughout Cambodia, it is not a 

common primary water source and more commonly a secondary water source in the wet season. 

2.3.4. History of arsenic-related health effects 

In 2006, the first cases of arsenicosis were discovered in Cambodia during a routine Knowledge, 

Attitudes and Practices (KAP) survey conducted by the MRD15.  Since this time, over 300 arsenicosis 

patients have been identified in six different locations throughout the country (Figure 5).  

Additionally, various studies have been conducted on arsenic biomarkers and assessment of health 

risks18,19,20,15.  Some arsenicosis patients have been medically examined and diagnostically 

confirmed, assessed, and treated to the extent possible21. 

 

Figure 5:  Occurrence of arsenicosis in Cambodia
22

 

2.3.5. History of arsenic education and mitigation 

Arsenic education and awareness raising efforts began in 2002 and included community well testing 

and dissemination of information, education, and communication (IEC) materials.  IEC materials 

included arsenic awareness posters, educational media including documentaries and karaoke, 
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classroom lessons, and informational pamphlets.  Community-based and door-to-door activities 

were primarily conducted by Provincial Departments of Rural Development (PDRD) and NGOs.   

After the population impact assessment conducted by RDI in 2010, a new “door-to-door” survey 

program was implemented by PDRDs and RDI to attempt to find and test all tube wells used for 

drinking in the villages with highest estimated arsenic-exposed populations.  Households are shown 

photographs of arsenicosis patients, pamphlets about arsenic and alternative safe water options are 

provided and explained, and a questionnaire is administered to understand drinking water 

behaviors, arsenic knowledge, historical and future drinking water decisions, and willingness to pay 

for alternative sources.  Since its inception in December 2009, this program has been conducted at 

over 6,000 households in many of the most highly impacted communities.  At the time of writing, a 

formal follow-up survey is being designed to evaluate changes in behavior and retention of 

communicated information as a result of this program.  

Arsenic mitigation efforts have been conducted throughout the arsenic impacted area over the past 

decade by many different organizations.  These efforts are summarized in Table 4. 

Table 4:  Summary of historical arsenic mitigation activities in Cambodia 

Organization Activities 

UNICEF 
Dug wells, ceramic water filters, 
rainwater harvesting 

GRET 
Piped water supplies, rainwater 
harvesting 

1001 Fontaines Potable water vendor systems 

Rainwater Cambodia 
School and household-scale 
rainwater harvesting  

RDI 
Dug wells, piped water, school 
and household-scale rainwater 
harvesting  
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3. Desk study – Water supply options 

3.1. Piped water supplies 

Piped water supplies are increasingly common in urban and rural Cambodia due to convenience and 

improved water quality.  The UNICEF/WHO JMP considers piped water systems to be improved 

drinking water sources23.  At the very least, piped water systems in Cambodia consist of water 

pumped to an elevated storage tank which allows for the water to travel by gravity through a 

network of pipes to a household tap or a community standpipe.  However, most medium to large 

scale piped water supplies include water treatment methods to improve the quality of the water.  

These methods include coagulation, flocculation, sedimentation, filtration and disinfection (usually 

chlorination).   

In rural Cambodia, piped water supplies can service as few as several dozen households or as many 

as several thousand.  Water passes through a flow meter at the household, which is used to record 

water usage and for the operator to prepare an invoice based on consumption.  Piped water supply 

operators have reported that some households turn on their water taps only slightly so that the 

water flow meter cannot detect the minimal flow.  Households do this to avoid paying for the water 

they use and this is seen as an emerging problem among piped water supply operators in Cambodia.  

Once at the household, the pipe will either continue into the house or, more commonly in 

Cambodia, come out of the ground at the front of the property and exit into a storage jar.  

Households must initially pay a connection fee to the piped water operator (often between $30 and 

$80) and this limits the ability of poorer households to connect.  Connected households then pay a 

reoccurring water usage fee calculated periodically based on the result of the volume of water read 

from the flow meter. 

Most households use traditional storage jars to store piped water because piped water supplies are 

not always designed or operated to provide reliable access all day and every day throughout the 

year. Households also sometimes store water to reduce the taste and smell of chlorine, by allowing 

residual chlorine to oxidize.  During the rainy season, the volume of piped water usage typically 

decreases substantially, because many rural households harvest rainwater, which is essentially free 

once a catchment and storage are in place.  Consequently, piped water systems are not necessarily 

designed to accommodate peak demand, which generally occurs for only a few months from the 

middle to the end of the dry season.  This is the period of time when piped water supplies are least 

reliable and outages become more frequent. 

Not all rural villages are acceptable candidates for piped water supply, and decision factors include 

short average distance between households, high population density, and sufficient willingness to 

pay.  USAID classifies household density in three categories: <5 meters apart, high; 5-15 m, medium, 

>15 m, low24.   

Private entrepreneurs are increasingly realizing the investment potential of piped water supplies, 

and the number of projects in rural Cambodia has increased significantly in recent years.  Piped 

water supplies have a high capital cost for construction of water collection, treatment, and 

distribution facilities.  Without significant external investment, financing and/or subsidies, difficulties 

can be encountered in getting projects started.  Guidance and support for financing small water 

supplies has been carefully studied, and a tool kit exists to assist stakeholders17.  In Cambodia, an 
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organization called GRET designs piped water supply facilities in cooperation with donors, 

government, local authorities and private investors. Implementers must seek permissions from 

government at local, provincial and national levels to construct piped water supply systems.  In 

Cambodia, small-scale piped water supplies are regulated by MIME.  However, many smaller piped 

water systems have not yet registered for licenses with MIME. 

In 2010, UNICEF and MRD completed an assessment of 125 small-scale private service providers 

(SPSPs) including water vendors and small-scale piped water supplies, in the arsenic impacted area25.  

This study was implemented to better understand how SPSPs operate in Cambodia and to learn how 

successful initiatives could be replicated for the purpose of arsenic mitigation.  The majority of the 

studied small-scale piped water systems provided raw untreated surface water to customers.  Over 

half of the operators reported that there was a possibility of scaling-up their business, whereas the 

studied water vendors reported this much less often.  Over half of the surveyed commune leaders 

said that they would be interested in using commune funds to invest in water supply, but especially 

in piped water systems.  Small-scale piped networks serviced 225 households on average, but 

service levels ranged from 10 to nearly 3,000 households.  The average price of piped water was just 

over 2,000 riel ($0.50 USD) for 1,000 liters.  The majority of the piped systems did not employ any 

water treatment methods.  Investments in piped water supply systems differed considerably, 

depending on the scale and treatment methods employed.   

3.2. Water vendor systems 

Water vendor systems in Cambodia differ widely in terms of delivery methods and water quality.  

Most rural vendor systems use a range of conveyance methods including trucks, carts, or pumps, to 

transport raw or occasionally partially treated surface water from the source to the household.  

Once at the household, this water is often stored in traditional storage jars and can be prone to 

additional microbial contamination.  The UNICEF/WHO JMP considers water vendor systems to be 

unimproved drinking water sources, due to quality of source waters and the potential for 

recontamination23. 

Water vendor systems do, however, offer the advantage that they can provide water access in areas 

that are hard to service by other water source options, such as piped water.  Additionally, the 

amount of capital and logistics required to initiate a water vendor system is typically much less than 

a piped water system.   

One of the major limitations of water vendor systems is affordability of vended water among poorer 

households26.  Due to inefficiencies associated with transporting water using motorized or manual 

methods, the consumer cost of vended water can be very expensive in comparison to other options, 

if those options were available.  However, the less costly alternative options may require capital 

investments by the households (for example, a tube well or a connection to a piped water supply), 

whereas with a water vendor, the household pays only for the water they receive.   

Vended water is particularly susceptible to pathogenic contamination when storage containers are 

reused without cleaning or disinfection, during transportation, and during storage at home.  

Chlorination of the water used for cleaning the jugs/tanks and of the drinking water itself can reduce 

the risk of contamination during transport and storage. 
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More sophisticated vendor systems consist of potable treated water stored in disinfected 20 liter 

plastic jugs, often affixed with a spigot to access the water by sanitary means.  1001 Fontaines is an 

NGO active in Cambodia in the water sector and focuses on development of water treatment and 

vendor systems.  Over 60 potable water vendor systems have been set up in Cambodia to-date.  

Water is delivered in 20 liter jugs, and chlorine is used to sterilize water jugs onsite prior to refilling.  

As of 2011, 1001 Fontaines is planning an independent evaluation of their program. 

The UNICEF/MRD study on SPSPs in arsenic impacted areas revealed that many water vendors that 

have a mobile pump charge the households they service by the jar, and the average cost was 1,500 

riel ($0.37 USD) for one jar (500-600 liters) of raw water.  Water vendors that did not operate a 

pump but had another mechanism to store and transport the water to the household charged about 

2,000 riel ($0.50 USD) for one jar of raw water.  Surface water was the predominant source of water 

for SPSPs (80%), followed by groundwater (14%).  Nearly all of the SPSPs (94%) did not treat the 

water prior to sale25. 

Most water vendors were highly or fairly satisfied with the success of their business, but most did 

not see much potential for future growth.  The high cost of fuel was the biggest complaint, while just 

under half reported getting complaints from customers about slow service delivery.  SPSPs were 

very willing to participate in training programs to improve their product and their business.  Tank-

based vendors and pump-based vendors supplied approximately 30 and 50 households on average, 

respectively.  Vendors typically invest between $1,000 and $2,000 on supplies and equipment for 

their systems, however, there is a lot of variation depending on the scale of their operations25.  

Operations are significantly scaled-back during the rainy season when demand is low and  is highest 

at the end of the dry season when most households have run out of stored rainwater. 

3.3. Dug wells 

Dug wells consist of a hand-dug hole down to the unconfined aquifer and deep enough below the 

water table to ensure there is water present during seasonal fluctuations.  In Cambodia, these wells 

typically range between 5 and 15 meters in depth depending on the geographic location.  Dug holes 

are often lined with concrete rings and a concrete apron around the well.  Some wells may also be 

covered with a concrete slab to prevent contamination or objects falling into the well.  Most 

commonly, water is fetched via a bucket on a rope, or a pump, but other more advanced methods of 

water extraction, such as a rope pump, are also employed in Cambodia.  Dug wells are considered to 

be improved water sources by the UNICEF/WHO Joint Monitoring Program, if they are protected 

(lined, covered and include an apron). 

Dug wells provide a water source that is much less likely to be contaminated with arsenic.  One 

study of dug wells in proximity (500 meters) to arsenic-contaminated tube wells found that dug 

wells were 90-95% likely to have arsenic concentrations below 50 µg/L27.  In a broader survey of all 

tube wells and dug wells within 500 m, 73% and 6% of tube wells and dug wells were unsafe for 

arsenic, respectively.  Dug wells are likely to provide arsenic-safe water in areas where tube wells 

are contaminated, but routine testing must still be performed to confirm that they are safe.  Routine 

well testing may be a logistical concern for organizations promoting dug wells as an arsenic 

mitigation option. 

Despite dug wells often providing arsenic-safe water, microbiological contamination and the 

presence of other chemicals are a significant concern.  One study in Cambodia found that chemical 
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health risks (including nitrate and manganese) were still present in 25% of all samples measured and 

microbial health risks were increased significantly compared to tube wells.  Chemical water quality 

was worse in the dry season than the wet season, likely due to more contact time between well 

waters and aquifer materials.  Conversely, microbial water quality was worse in the wet season than 

the dry season, likely due to heavy rainfall drawing contamination from latrines and human/animal 

waste sources at the surface.  Mean E. coli and virus (MS2) loadings were 103 and 102, respectively, 

which represents water quality in the WHO ‘very high’ risk range.  Additionally, this study revealed 

that there were no significant improvements in microbiological quality in protected versus 

unprotected dug wells28.  This may mean that pathogenic contamination exists within the 

unconfined aquifer and is not the result of water intrusion from around the well or contamination 

from the apparatus used to draw water from the well. 

Other arsenic-impacted countries have implemented dug well mitigation programs with unique 

variations.  The Dhaka Community Hospital in Bangladesh instituted a dug well program consisting of 

66 wells with pumps, gravity tanks, stand pipes, and routine well chlorination that serviced 1,549 

families.  In many cases, water is also piped directly into the households.  While microbial water 

quality was not always found to meet water quality standards, contamination was usually kept low 

do to chlorination of the well water prior to entering the pipelines.  This system required careful 

management and organization as users pay a fee for the water they use and are also responsible for 

maintenance and operation of the systems29.  Another program in India implemented hand pumps 

to pump water from the dug wells to minimize contamination along with monthly well chlorination.  

The authors suggested that chlorine by-products, which can be harmful to human health, could be a 

concern due to the presence of organics in the well water30. 

3.4. Rainwater Harvesting 

Rainwater harvesting is a traditional and common practice throughout most of Cambodia.  In 

tropical countries, rainfall is often unevenly distributed throughout the year, and therefore 

rainwater can be a good supplement to other water sources.  Rain falls onto rooftops and runs into 

gutters surrounding the roof.  The rainwater then travels through pipes to a storage container.  In 

Cambodia, the most common storage container is a traditional jar called a “pieng”, which is usually 

sized 300-600 liters.  Other rainwater storage containers include stacked concrete rings, commercial 

metal or plastic tanks, specialty ferro-cement tanks such as “Earth” tanks and “Jumbo” jars, and 

narrow-mouthed Vietnamese jars.  Rainwater harvesting is considered an improved water source by 

the UNICEF/WHO Joint Monitoring Program, if storage containers are sealed and water is accessed 

by a spigot23. 

The rainy season in Cambodia usually lasts from May until November.  With minimal storage 

capacity, a household can use rainwater for drinking and cooking consistently for about half the 

year, during the rainy season.  Many middle and upper class households in rural Cambodia are 

investing in rainwater storage, so as to have rainwater available deep into the dry season.  However, 

rainwater storage can take up a lot of space around the household, particularly if traditional pieng 

jars are used which have a large footprint.  A typical family of 5 people will need at least 3000-5000 

liters of stored rainwater to last through the dry season, if the water is only used for drinking and 

cooking (assuming 20 liters per family per day). 

Rainwater itself is slightly acidic but free from heavy metals and pathogens.  However, rainwater can 
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become contaminated when it contacts debris or feces on rooftops, in connection pipes and in 

storage containers.  Stored rainwater can also become contaminated when jars are not covered or 

contaminated extraction devices such as dippers or cups are used to retrieve water.  Water that is 

stored in cement containers often has a high pH due to leaching of concrete materials.  A microbial 

risk assessment for rainwater harvesting and storage in Bangladesh suggested that microbial 

contamination may increase the overall disease burden to be greater than the disease burden from 

arsenic exposure, but it should be noted that this assumed that household drinking water treatment 

methods would not be employed31.  

Calculations for rainwater harvesting and storage tank design have been well documented and are a 

useful tool for scaling rainwater systems to buildings and households32,33.  Planning and decision-

making tools for rainwater systems are also available33. 

3.5. Surface Water 

Surface water is prevalent throughout most of Cambodia, particularly during the rainy season when 

water overflows rivers and lakes, and fills wetlands and lowland areas. Surface water includes water 

from any rivers, lakes, streams, canals, or ponds. The Mekong River supplies the majority of eastern 

Cambodia with surface water, while the Tonle Sap and Bassac Rivers supply much of the west and 

central areas of the country.  Many rural households use multiple sources of water for their 

activities, and surface water often makes a large contribution, but it is becoming less common as a 

primary drinking water source.  Surface water is also often used for bathing, washing, irrigation and 

disposing of waste products. 

Although plentiful, surface waters are particularly vulnerable to the effects of human and animal 

activities that can drastically alter water quality.  Certainly, microbial contamination of surface water 

poses the most significant health risk to humans, due to untreated or poorly treated water; 

however, toxic contaminants are becoming more prevalent, particularly in an increasingly developed 

water source such as the Mekong River34. 

Surface water can be affected by point-source pollution such as industrial discharges or sewage, and 

by non-point-source pollution that is diffuse by nature and can affect both surface water and 

groundwater.  Non-point-source pollution includes agricultural runoff such as pesticides, pathogens 

or fertilizers, and urban runoff. Non-point-source pollution is not yet considered a significant 

problem in Cambodia, due to the low level of industrialization.  Although surface water does not 

generally contain significantly elevated levels of arsenic, it is more likely to have increased amounts 

of other substances such organic materials.  A report from the Mekong River Commission (MRC) 

indicates that water quality in the mainstream Mekong has been impacted less than the quality in 

various tributaries, likely reflecting the greater extent of human activities34. 

As a water source, surface water quality overall tends to be relatively poor, although it can vary by 

season and location.  Due to the minimal human and animal waste management activities in 

Cambodia (nearly 80% of rural communities practice open defecation35), surface water and shallow 

aquifers can easily become contaminated during the rainy season due to runoff containing fecal 

waste.  Animals are also often washed at the same point where households obtain water for 

domestic usage36. 
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Household water treatment is essential before surface water is used for human consumption, but it 

is not consistently practiced.  Neung et al determined that most households using surface water 

utilized at least two treatment processes prior to use, while a small number use three or four 

different methods36.  It is a common complaint that using a filter technology with surface water is 

difficult as they become dirty easily and flow more slowly when river water is used.   Coagulants and 

flocculants may be utilized as a primary treatment step in the household to remove turbidity.  

RACHA (Reproductive and Child Health Alliance) reported that some villagers in floating villages had 

the misconception that, if water was collected from the river in the early morning or if it was taken 

far from the village, then it was more likely to be clean37. 

One great virtue in surface water, like rainwater, is that the cost is often negligible and the source is 

often readily available.  Some costs may arise from use of a pump to obtain the water.  However, 

human costs such as effort and time may be of greater consequence in that households may have to 

travel a substantial distance to access surface water.   
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4. Desk study – Special topics 

4.1. Non-arsenic drinking water quality hazards and risk substitution 

When recommending alternative arsenic-safe water supply options it is critical to consider whether 

another health risk might be introduced during a change in water supply.  Tube wells were initially a 

preferred water supply option because they provided access to water from deep underground 

where risks of microbial contamination are low. 

Most arsenic mitigation options include water sources that are nearer to the surface, and human 

and animal activities, and consequently microbial contamination is a significant risk.  However, 

microbial contamination is far more easily treated than chemicals such as arsenic.  Boiling, filtering, 

and chemically disinfecting the water prior to consumption are effective ways of removing 

microorganisms and preventing waterborne diarrheal disease.   

Another factor to consider is that chlorination, in combination with naturally occurring organic 

materials in water, can potentially create hazardous chlorination by-products.  Removing organic 

materials and moderating the use of chlorine can mitigate this risk. 

Other chemicals that are both naturally occurring and anthropogenic can be a concern, particularly 

for some water sources.  Nitrate, fluoride and manganese are also found in groundwater, and must 

be monitored to ensure drinking water sources are safe.  Some evidence suggests that if wells are 

drilled deeper to reach groundwater where arsenic concentrations are low, then manganese 

contamination may become more likely.   

4.2. Additional routes of arsenic exposure 

Although arsenic exposures associated with consumption of groundwater are the focus of this 

report, additional arsenic exposure may result from a number of sources. Among them, exposures 

from dermal contact, from food intake, and from water treatment technologies may be most 

significant and are covered briefly here. In the end, it appears that these other exposure pathways 

are usually minor relative to exposure from contaminated groundwater supplies and relative to 

drinking water standards. 

Exposure from food has received considerable attention of late, particularly from rice, in part 

because irrigation water and soil arsenic levels appear to result in elevated levels of arsenic in rice, 

and potentially represent important sources of arsenic for individuals that consume large quantities 

of rice as part of their daily diets38. Accumulation can also vary within structures of specific plants, 

with fruits often having the lowest concentration of arsenic and roots the highest, possibly due to 

low methylation of the absorbed arsenic by the plants.  Lower levels of arsenic are noted in grains 

and other crops that require less irrigation water.  People who receive 75% of their caloric intake 

from rice, consume 1,500 calories/day of rice, or about 300 g rice daily. Arsenic concentrations in 

rice vary considerably and are strongly influenced by growth conditions, practice, cultivar, and other 

variables, but are usually 0.1 µg As/g dry weight, and occasionally reach concentrations of 0.5 µg 

As/g—thus exposure from rice represents 30-150 µg As consumption per day, although possibly 

much less. For comparison, the integrated exposure of an individual drinking water at the WHO limit 

arsenic concentration (10 µg/L) is 20 µg/day (assuming 2 liters of water consumption per day), or 
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100 µg/day assuming a water concentration at the Cambodian standard. Thus, in cases of marginal 

drinking water exposure by populations that receive most of their calories from rice, exposure from 

rice is similar in magnitude to drinking water sources, although most people will be exposed to lower 

arsenic concentrations due to either more moderate rice consumption (75% of calories represents 

an upper limit, to provide a conservative estimate of risk), or rice that is lower in arsenic (0.1 ppm As 

is more realistic given available data). Much more information about rice concentrations, the form 

of arsenic in rice (which affects its toxicity and residence time in the body), and the variables that 

influence arsenic levels (irrigation practices, how the rice is prepared, etc.) need to be ascertained to 

improve estimates of this risk. 

Ingestion of arsenic may also occur via fish and shellfish, both common foods in South-East Asia.  

Organic and inorganic arsenic can easily bioaccumulate in algae, fish and shellfish.  Higher levels of 

arsenic in the water correlate with higher levels present in fish.  And due to the chemical affinity of 

proteins to bind metals, areas of the fish with higher muscle mass may have higher levels of arsenic.  

Generally fish contain forms of arsenic that are less toxic to humans, due to their ability to 

metabolize the toxic inorganic forms into less toxic forms.  Certain types of seaweed that cannot 

perform this metabolic conversion have been found to have elevated amounts of inorganic arsenic39. 

People can also be exposed to arsenic in contaminated well water by using it for bathing and other 

non-consumption practices. However, detection of arsenic dermal absorption in affected 

populations has been obscured by background levels of arsenic from diet and drinking water, 

therefore the specific health consequences have been difficult to determine.  Most evidence 

suggests exposure through the skin and other pathways is relatively minor, and this pathway is 

believed to be trivial in most people, although caution should be exercised in young people who may 

inadvertently consume water during bathing. 

Lastly, an alternative to drinking arsenic contaminated water sources often is to rely upon treated 

surface water. Since surface water has a high likelihood of containing pathogens, it must be boiled or 

treated prior to use. Ceramic water filters (CWPs) are largely effective at removing pathogens and 

are being promoted throughout Cambodia to provide clean drinking water at the point of 

consumption. These filters are made with natural, iron bearing clays that contain small 

concentrations of trace elements such as arsenic (that naturally accumulates in iron clays)40. During 

initial usage of the CWP, arsenic is released from the clay filter, serving as a arsenic source to the 

drinking water over the short term41. While exposures above the Cambodian water quality standards 

only occur during the initial flushes, under the worst case scenario of a single individual utilizing one 

filter and replacing the filter every two years, exposures may be higher than WHO risk tolerances.  

Production factories in Cambodia have already begun addressing this issue by either flushing filters 

on-site or directing filter users to discard initial flushes at their home. 

 

4.3. Household water storage 

Microbial contamination can occur at many points in the process of acquiring safe drinking water, 

from the point of collection at the water source, to the final point of use within the household.  The 

water source, storage method, treatment method, length of storage time before or after treatment, 

cleanliness of the drinking vessel, and household hygiene can all affect suitability for human 

consumption. 
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Microbial contamination tends to be highest in surface waters and dug wells, with moderate levels 

in rainwater, and lowest levels in piped water and tube wells.  In general, higher levels of microbial 

contamination at the source are associated with higher levels in storage and at the point of use.  

However, water with low levels of microbial content at the source can become highly contaminated 

after collection and storage.  Contaminated source water or storage water can be treated to become 

safe for drinking.  Additionally, recontamination can also occur if the treated water is saved or 

stored before consumption.  

In Cambodia the most common means of treatment are boiling and filtration.  Boiling is an 

extremely effective technique for microbial decontamination.  Boiling can remove not only bacteria 

but also protozoa and viruses.  Unfortunately its disinfectant ability does not persist after the act of 

treatment, which allows for potential contamination afterwards during storage.  Filtration is also 

very effective but can be affected by maintenance and cleanliness of the filter.  Chlorination is an 

extremely successful mechanism for treatment under laboratory conditions, with persistent effects 

that extend even during storage.  However, it has limited effectiveness in the real world due to lack 

of sustained use, most often because of concerns about availability, taste, and odor. 

Regardless of the source or treatment, water storage is the major mechanism of water 

contamination or recontamination.  Unfortunately, water storage is a necessity when households do 

not have a continuous water supply, or when the water source is not located in or near the 

household.  Many interventions to improve water storage have focused on limiting contact with the 

water, either through educational efforts or through modified containers that have covers, spigots 

or narrow necks, designed to allow water in but help to keep animals and humans out.  However, 

modified containers have had mixed results on water quality.  Their effect can be limited by the 

household’s understanding of their use and general hygiene capacity.  Clean drinking vessels, clean 

hands and clean utensils for dipping or accessing water, are also all effective at decreasing the 

microbial content of water at the point of consumption. 

4.4. Household drinking water treatment 

Household drinking water treatment is a common practice in Cambodia.  Boiling is predominantly 

practiced, but filtration (ceramic filters, biosand filters, mineral pots) and chlorine products are 

increasingly common.  Ceramic and biosand filters have been widely implemented across Cambodia, 

and studies have shown that they are able to significantly reduce microbial contamination and 

incidents of diarrheal disease42,43,44,45.  Mineral pots are becoming increasingly common in Cambodia 

due to their aesthetic appeal, but there are no published studies that document whether they can 

effectively and sustainably produce potable drinking water.  Chemicals such as Aquatabs or chlorine 

sachets are increasingly common but are still not widely available in the marketplace.  Concerns 

about the taste and smell of chlorine in drinking water are common in rural areas. 

4.5. Role of private operators in safe water supply 

Private enterprises of varying scale and configuration provide water supply services to communities 

in rural Cambodia.  Services include well drillers, rainwater jar producers and distributors, water 

vendors, and small-scale piped water systems.  Many of these systems have been initiated with little 

or no support from the public sector and have found success because of the correct balance 

between desirable product, competitive price, and effective promotion46.  However, because 
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households and individuals do not necessarily value safe drinking water, increasing demand and 

optimizing coverage can be challenging for operators.  Additionally, policy issues of water quality 

regulation and enforcement, subsidies, and technical support remain obstacles prohibiting faster 

growth47. 

In 2010, the World Bank released a comprehensive report entitled, “Private Operators and Rural 

Water Supplies: A Desk Review of Experience”.  This study examined various country-specific 

experiences with private sector management of domestic water supply in rural settings.  While 

private operators have been successful penetrating the marketplace in urban areas with high 

population density and willingness to pay, the basis of the report was driven by the need to 

understand how successful this approach could be in rural areas.  The report concluded that rural 

private operators are able to address the issues of sustainable operation and maintenance of rural 

water supply systems.  Also, government institutions capable of regulation, enforcement, training, 

and technical support cannot be replaced by solely private operator models48. 

4.6. Arsenic removal technologies and approaches 

Arsenic removal methods and technologies have been researched in labs and in the field in countries 

around the world.  Practical implementation of arsenic removal technologies has been applied at 

both the household and community scales.  Household-scale arsenic removal systems such as the 

Kanchan filter have been studied in Cambodia and elsewhere with mixed results49,50.  While some 

filters have performed consistently well, others have failed to demonstrate sufficient and consistent 

arsenic removal to warrant scale-up of the technology.  Due to the inconsistency of influent water 

quality, and also because of maintenance and operation requirements, rigorous monitoring of 

household filters would be needed to ensure filters are functioning as intended.   

Routine arsenic testing and monitoring at the household level presents an enormous logistical 

challenge in rural Cambodia, and implementation of arsenic removal technologies and systems has 

not been included in the list of safe water supply options of the Arsenic Strategic Action Plan. 

Community-scale arsenic removal offers one key advantage over household filtration – there is only 

one point for monitoring and maintenance to serve an entire community51.  Community-scale 

systems are currently being set up and evaluated and are servicing several communities in 

Cambodia.  These systems have demonstrated successful results in other countries.  Third-party 

assessment and action plans to ensure sustainability and safety of these systems are needed before 

wider scale implementation in Cambodia. 

4.7. Arsenic mitigation decision factors 

In order for arsenic mitigation to be sustainable, cost-effective and successful, a comprehensive 

understanding of the water supply options and the specific conditions and attributes of the targeted 

community is critical. 

4.7.1. Water supply decision factors 

Various decision factors concerning potential water supply options must be considered when 

designing an arsenic mitigation program for a community.  The quality of delivered water is one 

critical decision factor, and certainly also the cost and effectiveness of a considered option.  
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Sustainability, lifespan and recurring as well as initial costs must also be considered.  Household 

drinking water treatment methods are not always practiced or practiced well, and therefore water 

supply options that minimize microbial contamination will subsequently reduce the number of cases 

of diarrheal disease in the community.  Even after interventions and programs that promote 

household water treatment and safe storage, not all households will engage in consistent and 

proper practices and the success of the intervention is based on the percentage of sustained proper 

practices.  Some water supply options are regarded more favorably than others by individuals and 

among communities.  Understanding which water supply options are most preferred will help to 

ensure that once the water supply option is implemented, it will be utilized by households.  

Technical capacity is extremely limited throughout rural Cambodia.  An option that requires minimal 

maintenance and oversight, and where replacement parts or expertise are locally available, is more 

likely to be sustainable.  Lastly, there is little enforcement of water quality regulations and standards 

in rural Cambodia.  Due to the lack of oversight and management in rural areas, there is little 

motivation and incentive to properly manage water supplies and/or water quality unless it will 

directly or indirectly affect profitability. 

4.7.2. Community/village decision factors 

Prior to conducting an arsenic mitigation program, the target community and the geographical 

conditions, household dynamics and local government must be thoroughly assessed and 

understood.  In order to determine which water supply options are feasible, the following decision 

factors should be considered: 

 Availability of contractors and/or skilled labor to complete the project 

 Availability or distance to the source of materials needed for construction 

 Road conditions that allow the transportation of supplies/materials for the project 

 Road conditions that allow the conveyance and transportation of water from source to 

household, if relevant 

 Population density and distance between households, for piped water and vendor systems 

 Preferences and willingness to pay for water supply options 

 Socioeconomic conditions of the village in general, and specifically for the poorest of the 

poor  

 Proximity to surface water sources that could be utilized for vendor or piped water supplies 

 Unconfined aquifer water table and seasonal fluctuations if dug wells are being considered 

 Willingness of local government to endorse or assist with the project 

 The proportion of the population impacted by arsenic exposure may determine whether a 

centralized service based approach (piped water or water vendor service) or a household 

based approach (dug wells or rainwater harvesting systems) is more appropriate 

 Willingness of the community to share water supply sources, such as wells or standpipes 
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5. Field study – Chemical and biological quality of water sources  

We evaluated the chemical and biological quality of water sources that were currently used or 

potentially available in the arsenic affected areas of Cambodia, and that were capable of delivering 

water with acceptable quality for human consumption.  The goal was to measure and compare 

water quality and potential health risks among the water supply options.   

The field study described in this section focused on waters at the source (surface water, dug well, 

tube well), as delivered to the household (piped water), or in household containers where water is 

received (rainwater and delivered vendor water).   

A separate field study evaluated biological quality of water before and after household storage and 

treatment (see Section 6).   

Appendix B includes full details about the assessment of water quality for each water source while 

the following sections provide a summary. 

5.1. Introduction 

Hazardous agents in drinking water can be classified as chemical or biological (microbial).  Unsafe 

levels of chemicals can come from sources caused by man such as an oil spill or pesticides, or from 

natural sources such as rocks and sediment.  Microbial pollution commonly originates from human 

or animal waste, and can travel from the original source and into someone’s body through various 

pathways.  One common pathway is drinking contaminated water.  Other common pathways are 

eating contaminated food, or placing contaminated hands in the mouth.   

Health problems from microbial exposures usually begin shortly after just a single exposure.  

However, health problems from chemical exposures usually occur after long-term and repeated (or 

prolonged) exposures.   

Household drinking water treatment methods such as boiling, chlorine, and filtration can 

significantly reduce microbial contamination and the risk of diarrheal disease and are relatively 

common and/or affordable practices.  Chemical contamination is much more difficult to remove at 

the household level, especially in developing countries where technical and financial resources are 

limited and monitoring and maintenance are pose potential logistical challanges. 

5.2. Criteria for Safe Drinking Water 

To minimize arsenic exposure from drinking water, alternative water sources need to be identified 

that are safe.  We defined “safe” as meeting the following criteria: 

(1) A suitable alternative should have arsenic levels below the drinking water threshold. The 

ideal drinking water threshold would be 10 µg/L, although we use the Cambodian drinking 

water standard of 50 µg/L as an initial reference point. 

(2) A suitable alternative should not contain other chemical contaminants at concentrations 

known to cause deleterious human health effects.   

(3) A suitable alternative should not contain high levels of biological contamination.  
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5.3. Water Quality of Alternatives in Cambodia 

Cambodia is not unique in its need for safe drinking water.  However, Cambodia is fortunate in 

generally having an adequate water quantity for its population.  The arsenic-affected areas contain a 

number of potential arsenic-safe water sources, including alternative groundwater sources (low 

arsenic tube wells), shallow groundwater (dug wells), a wide range of surface water sources, and 

rainwater.  In each case, these sources can be used and treated at the household level, or treated 

and delivered by centralized or networked systems, such as piped water.  Of these options, we 

focused our studies on several water sources that are currently used or potentially available in the 

arsenic affected areas of Cambodia: 

(1) Untreated surface waters from various sources and source types 

(2) Stored rain water  

(3) Dug wells as alternative groundwater supplies 

(4) Low arsenic tube wells 

(5) Vendor water supplies that deliver either untreated or treated surface water 

(6) Piped waters with a range of different treatment methods to treat either surface or 

groundwater. 

5.4. Methods 

Table 5 presents the collection point of samples analyzed for each water supply option. 

Table 5: Point of sampling for water supply options 
 

Water Supply Option Point of Sampling 

Piped-water Supply From tube well (before storage at household) 

Water Vendor From storage jar (during storage at household) 

Rainwater Harvesting From storage jar (during storage at household) 

Dug Wells From dug well (before storage at household) 

Tube Wells From tube well (before storage at household) 

Surface Water From surface water body (before storage at household) 

 

Piped, tube well, surface, and dug well water quality may degrade in terms of microbial water 

quality during storage at the household.  Tube well, dug well, and surface water samples do not 

reflect potential contamination during transport.  We collected water samples, and examined a 

number of chemical and biological contaminants that influence water quality and desirability.  We 

intentionally selected villages that together included all of these water source options, and that 

covered three different regions in the arsenic impact area.  Then we randomly selected households 

or locations in those villages for sampling.  In total, we collected and analyzed 121 water samples, 

including 10 to 30 from each water supply option.  Field sampling was conducted in August 2011.   

We also utilized some existing water quality data.  For tube wells, we added existing RDI data from a 

large number (n>2000) of samples previously collected in Kandal province within the arsenic 
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impacted area, plus some recently sampled wells from other regions of Cambodia to better estimate 

microbial contamination levels.  In contrast to tube well tests in the Wellmap database, these tube 

wells were tested for a variety of chemical (and microbial) contaminants, and not just arsenic.   

For surface water, we added existing data from the Phnom Penh Water Supply Authority (PPWSA), 

including several years of monthly sampling in rivers around Phnom Penh. 

5.4.1. Sample and data analysis 

The main biological contaminant that we measured was the bacteria, E. coli.  E. coli is relatively easy 

to measure in a laboratory and is an indicator of fecal contamination, which can include disease-

causing organisms.  Any presence of E. coli indicates that the tested water has been in contact with 

fecal material.  The higher the level of contamination, the higher the risk of intestinal illness.  Table 6 

shows how the measured and log-transformed E. coli values relate to the WHO categories of risk of 

gastrointestinal illness. 

Table 6:  Concentration of E. coli in water, and WHO categories for risk of gastrointestinal illness 

Risk of 
gastrointestinal 
illness 

E. coli  
concentration 
(cfu/100 ml)  

Log-transformed 
concentration 

 

Minimal 0 <0 
Low 1-10 0-1 
Moderate 11-100 >1 to 2 
High 101-1,000 >2 to 3 
Very high >1,000 >3 

 

5.5. Microbial contamination (E. coli) 

Figure 6 shows the levels of microbial contamination (E. coli) in each of the water sources that we 

evaluated.  In this type of figure, the diamond shape shows the range that includes 95% of the 

measurements.  Single points outside the diamond show low and high “outlying” values. 
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In general, we found the lowest levels of microbial (E. coli) contamination in piped water and tube 

wells, with most values falling in the minimal risk range (Figure 6).  However, a substantial number 

of tube wells had E. coli levels that ranged from low to very high risk (red dots).  Most of the 

rainwater samples fell in the minimal to low risk range.  The highest levels of contamination were 

found in surface water and dug wells.  Vendor water samples were very spread out, but were almost 

all in low or worse risk ranges. 

Figure 6:  Concentration of E. coli in each tested water source (log-transformed scale) 

These microbial results along with chemical results are discussed separately for each water source 
option, below. 

5.6. Piped water 

As mentioned above, the tested piped water systems generally had the lowest level of microbial 

contamination, compared to the other tested water sources.  We also did not detect any unsafe 

levels of arsenic or other chemical agents in the tested piped water systems.   

All of the tested systems used surface water sources.  However, a small number of piped water 

systems in Cambodia do utilize groundwater.  Groundwater wells used for piped water should be 

routinely monitored for chemical contaminants including arsenic.   

Most piped water operators perform some form of treatment before distribution to reduce turbidity 

and microbial contamination.  Our testing revealed microbial contamination generally in the minimal 

to low risk range, but it is important to note that it is common practice for rural households to store 

piped water in traditional jars, which can result in significant recontamination not characterized in 

this data (see Section 6).   
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5.7. Tube wells 

This study included a relatively large number of newly and previously tested tube wells.  The tube 

wells generally had E. coli levels in the minimal risk range, although a substantial number had levels 

that ranged from low to very high risk.  About one-quarter of these tube wells (28%) had arsenic 

levels ≥50 µg/L, the Cambodian standard.  In another 19%, arsenic levels were below the Cambodian 

standard, but exceeded the WHO guideline, 10 µg/L.  The Cambodia standard for manganese was 

exceeded in 14% of tube wells, and the nitrate standard was exceeded in 1%.  Fluoride was not 

excessive in these wells, but has been detected in tube wells in some other locations in Cambodia. 

It should be noted that arsenic-safe tube wells may not remain arsenic-safe.  Seasonal and long-term 

aquifer changes may result in changes in arsenic levels, and once-safe wells could become unsafe.   

5.8. Rainwater 

In this study, rainwater was commonly contaminated with E. coli.  The levels were generally in the 

low risk range, but contamination reached the very high risk range at some households.   

We found no substantial chemical contamination, other than excessive levels of arsenic at three 

households.  This was not confirmed on repeat arsenic testing at those households.  Based on 

household interviews, the single, unconfirmed measurements may have resulted from household 

practices of mixing water from contaminated tube wells in their storage containers. 

Contact with cement in storage jars can significantly increase the pH of stored rainwater (i.e., make 

it more alkaline or basic).   

5.9. Vendor water 

In this study, vendor water was commonly contaminated with E. coli, in the low to high risk range.  

We did not detect unsafe levels of arsenic or other measured chemicals.  All of the studied vendors 

got their water from surface water.  However, a small number of water vendors in Cambodia are 

reported to utilize groundwater, which can be contaminated by arsenic or manganese, and possibly 

nitrate or fluoride.  Wells used as source water for a water vendor should be routinely monitored for 

chemical contaminants including arsenic.  Unfortunately, monitoring is unlikely to occur because 

small-scale water vendors are currently unregulated in Cambodia.   

5.10. Dug wells 

Dug wells generally showed substantial microbial contamination in this study sample.  Only 6% of 

the dug wells had arsenic levels exceeding the Cambodia standard, 50 µg/L; however, another 11% 

were below the Cambodian standard but exceeded the WHO guideline, 10 µg/L.  Dug wells were 

more likely than any other tested water source to show excessive nitrate levels (16%), and excessive 

manganese was also detected in 14% of tested dug wells. 

5.11. Surface water 

All of the tested surface water sources showed moderate to very high levels of microbial 

contamination.  Surface water is generally not an acceptable drinking water source from the 
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perspective of microbial contamination and diarrheal risks.  Chemical testing was generally 

unremarkable in this study sample, although 8% of surface water samples had excessive manganese.   

In general, surface water is not commonly impacted by the chemical contaminants assessed in this 

study.  However, it is possible that surface waters, especially smaller water bodies, can become 

contaminated with agricultural chemicals such as pesticides or other improperly disposed chemicals.  

There is little information about human-caused chemical contamination in Cambodia.   

Data provided by PPWSA revealed substantial seasonal variation in microbial contamination and 

turbidity in the major rivers used as water sources.  These detected contaminants can be removed 

by the Phnom Penh water treatment system.  However, the seasonal variation demonstrates the 

need to use more than a single measurement to assess the quality of surface waters. 

5.12. Summary 

Piped water supplies and rainwater harvesting represent the highest quality drinking water sources, 

and offer the lowest chance of risk substitution in an arsenic mitigation program.  Arsenic-safe wells 

may also present households with a high quality water source, but questions about long-term safety 

are justified.  Prolonged water quality monitoring requirements will limit the viability of arsenic-safe 

tube wells for arsenic mitigation.   

Dug wells, surface water, and raw water vendor systems commonly do not provide adequate water 

quality to consumers under typical conditions.   

Vendor systems that treat water to potable standards were not assessed as part of this study and 

more research is required to determine whether they truly offer consistently safe water supply at 

the point of consumption.   

All rural water supply options pose some risk (especially microbial) and because of this, all 

households should practice proper household water treatment. 
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6. Field study – Household water storage and treatment 

We evaluated water quality in the three stages of use typically found in Cambodian homes—water 

source, storage containers, and point of consumption.  This field study was conducted by a graduate 

student from London School of Hygiene and Tropical Medicine, in collaboration with the RDI Project 

Team.  The details of our methods and results are described in Appendix C. 

6.1. Methods 

We studied 10 households with piped water, 10 households with rainwater stored in open 

(unprotected) traditional jars, and 10 households with rainwater stored in an enclosed (protected) 

tank. We collected water samples from each stage of use at each house, and we repeated our 

measurements on three different weeks, to see whether contamination changed over time.  We 

focused on microbial contamination (E. coli), and also measured chlorine levels in piped water 

samples.  Note, we collected piped water at the source (tap), but we did not collect rainwater at the 

source.  It would have been too difficult to be at each household during a rain event.   

6.2. Variation over time 

We found large differences over time, in the quality of water collected at each household.  The 

variation was greater in the stored water samples, than in piped water at the tap or either type of 

water at the point of use.  The variation in quality of stored water was greatest for piped water and 

rainwater stored in open containers, and lower for rainwater stored in enclosed, protected containers.   

This means that anyone should be cautious about interpreting a microbiological test result when it is 

based on a single sample, particularly for water stored in unprotected containers.  If that same 

container is tested on another occasion, it might be much higher or much lower. 

6.3. Differences between water sources 

We were surprised to find no clear differences in water quality, between piped water and rainwater 

(protected or unprotected), either at the point of storage or at the point of use.  There was some 

evidence that water quality was better in stored protected rainwater, than in stored unprotected 

rainwater or piped water, but the difference was not statistically significant.   

This could mean that having any kind of water storage is more important for water quality, 

regardless of whether it is protected or unprotected.  However, it also may be because we studied a 

small number of households.  We will probably study this again in future research, with a larger 

number of households. 

6.4. Differences between stages of household water use 

Microbial contamination worsened with storage, as seen by the elevated levels of E. coli in Figure 7.  

However, after household treatment, water at the point of use was minimal or low risk for human 

consumption, at least for the rainwater samples.  The quality of piped water was not as good as 

rainwater, at the point of use.  We cannot explain this, but it probably reflects less attention to 

treatment at the piped-water households, or longer or less careful storage after treatment. 
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Figure 7:  Microbiological water quality at source, during storage, and after treatment 

6.5. Piped water 

Chlorine is often added to piped water to assure its ongoing safety for consumption throughout the 

distribution system.  It is noteworthy that the piped water in our study had low microbial content at 

the source (tap), even though only one of the households had chlorine levels within the WHO 

guideline of 0.2-2 mg/L on every visit.  However, 9 of the 10 piped-water households had 

appropriate levels on at least one of the visits, which probably contributes to the overall low counts 

of E. coli seen in piped water at the tap.  The inconsistent maintenance of chlorine levels 

undoubtedly plays a role in the variability seen in the stored piped water samples. 

The piped water at these households had minimal or low level microbial contamination upon 

delivery to the tap.  Water quality was made worse by household storage, and was not consistently 

made safe by household treatment after storage.  The ideal situation at these households would be 

if water was taken directly from the tap, without storage, and treated shortly before use.   
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7. Field study - Household survey  

We conducted detailed interviews in August-September 2011 at 870 households in the Cambodia 

arsenic impact area, in order to characterize water use practices, arsenic awareness, water source 

preferences, and willingness to pay for arsenic-safe alternative water sources.  

The survey methods and results are described in full detail in Appendix D and summarized in the 

sub-section below. 

7.1. Methods 

7.1.1. Arsenic impact area 

We identified 278 communes in 10 provinces where people get drinking water from tube wells with 

high arsenic concentrations.  We sorted the 278 communes in order, from the commune with 

highest number of exposed people, to the commune with lowest number of exposed people.  This is 

described in the 2010 RDI report—Arsenic Mitigation in Cambodia: What next?  (Appendix A).   

The Top 10 communes represented only 3.5% of the 278 communes, but they accounted for 25% of 

all exposed people.  The Top 20 communes represented only 7% of the 278 communes, but they 

accounted for 40% of all exposed people.  The Top 25% of communes (69 out of 278) accounted for 

76% of all people who consume tube well water with excessive arsenic. 

7.1.2. Selection of locations and households 

We selected 20 locations (villages) for the household survey, mostly from areas where arsenic 

exposure was highest:  5 locations in Top 10 communes; 3 in Top 20 communes; 7 in Top 25% 

communes; and 5 in Second 25% communes.   

Water source usage in 9 locations was representative of what is typically found in most of the 

arsenic impact area.  We chose 5 locations because they had a piped water system, based on the 

2008 Census.  Dug well use was not common in the Top 25% communes.  Therefore, we chose 1 

location in Top 25% communes and 4 locations in the Second 25% communes, where dug well use 

was common.  We also chose 1 location in a Second 25% commune because it had a potable-water 

vendor system.   

We randomly selected households in each of those locations for the survey.  Almost all of the 

selected households participated in the survey (95%). 

7.2. Results 

7.2.1. Participants 

Most of the people we interviewed were women (81%).  Their average age was 45 years.  Their 

average education level was 4.7 years.  However, the highest level of education for any household 

member was 8.3 years, on average.  Nearly all households owned their land (95%).  We used several 

ways to identify if a household was poor:  16% had “poor” home construction; 9% had poor home 

construction and no motor vehicle; 19% were poor, based on interviewer judgment; and 10% had an 

ID-Poor card (note, the ID-Poor system is not used in all study locations).  
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7.2.2. Arsenic awareness 

Overall, about half of the survey participants had heard of arsenic (58%).  If the person had heard of 

arsenic, we asked six simple questions about arsenic.  About two-thirds knew that arsenic was most 

likely to be found in tube wells, cannot be tasted or smelled, and cannot be removed by boiling 

(65%).  About two-thirds knew that arsenic could cause serious health problems, cause tumors, and 

be fatal (68%).  About three-quarters of people answered most questions correctly (76%). 

This speaks well for arsenic education efforts in these locations.  Additional information on historical 

arsenic awareness raising efforts are detailed in Section 2.3.5.  However, it is also important to 

notice that almost half the participants had never heard of arsenic (42%).  In addition, some people 

had heard of arsenic but could not answer simple questions about arsenic.  

7.2.3. Major source of water for drinking and cooking 

Tube wells were the most common source of water for drinking and cooking in dry season, followed 

by rainwater (Figure 8).  Rainwater was the most common source of drinking water in rainy season, 

used by 82% of all households as the primary or secondary water source. 

Figure 8:  Major source of drinking water in dry season and rainy season 

7.2.4. Use of tube wells, and testing for arsenic 

Overall, 36% of households currently used a tube well for drinking water, and 28% more had used 

one in the past ten years.  About two-thirds of the tube wells had been tested for arsenic, although 

testing was more among past users than current users (Table 7). 

At households that previously used an arsenic-unsafe tube well, nearly all said the reason for 

stopping was concern about arsenic (89%; Table 7).  At households where the tube well was never 

tested or was arsenic-safe, the most common reason was switching to a different water source, 

especially piped water. 

At households that currently used a tube well, almost half of the tube wells had never been tested, 

and about one-third of tested wells had an “unsafe” arsenic level (Table 7).  Households that 

currently used an untested or unsafe well were more likely to be poor, have lower household 

education, and have lower arsenic awareness.   
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Table 7:  Arsenic testing of tube wells—comparing households that currently or previously used the well 
water for drinking or cooking 

7.2.5. Use of tube wells for other purposes 

Most households used tube well water for other purposes, even if they did not currently use a tube 

well for drinking or cooking (Figure 9).  This is important for two reasons.  First, some arsenic 

exposure may occur when arsenic-unsafe water is used for other purposes.  Second, if a household 

has a tube well, but does not use it now for drinking water, they might be tempted to use the tube 

well for drinking water in the future, if their other water sources become unreliable.  This could 

happen if they rely on rainwater and their storage is not large enough for a very long dry season.  It 

also could happen if they rely on piped water but the service delivery is not always reliable.  

Figure 9:  Current use of tube wells for washing, feeding animals, or irrigating crops 

7.2.6. Water conveyance (water collection) 

We only asked for details about water conveyance (collection) from the source to the household, if 

the distance was >10 meters.  This distance was most common for households that used surface 

water for drinking water (90%), and households using non-delivered vendor water (86%).  It was 

moderately common at households using tube wells (49%) or dug wells (30%), although the 

distances were shorter.   

The time spent on water conveyance was usually shorter in wet season than in dry season, for all 

water sources, but especially for surface water.  However, even in dry season, households rarely 

spent more than 1 hour per day conveying water to their home.  At households where the water 
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source was >10 meters away, only 13% of households spent >30 minutes each day on water 

conveyance during dry season, and only 6% during rainy season.   

Adults had much more responsibility for water conveyance, than children (<10% of households).  

Adult men usually had more responsibility than adult women (81% and 34%, respectively).   

7.2.7. Water storage 

All except two households reported storing water at home.  The most common storage containers 

were traditional pieng jars (96% of households).  The average household storage capacity was about 

2,000 liters.  Storage capacity was generally higher at households that reported rain water as their 

primary water source, and especially if they relied on rain water for most or all of the dry season 

(Figure 10). 

Figure 10:  Household storage capacity—compared to how much households rely on rainwater 

Note: This is a “box and whiskers” plot. The boxes represent the middle 50% of households.  

The horizontal line in the box is the average (median). The whiskers (tails) include most other households, 

except households with relatively high capacity (circles). “Wet” means the household only used rainwater in 

wet season. “Dry” means rainwater is used for part or all of dry season. 

The average storage capacity at households that relied on rainwater for the entire dry season was 

about 5,000 liters.  Most of that capacity utilized traditional pieng jars (average, about 4000 liters).   

7.2.8. Water treatment 

Overall, only about 60% of households “always” treated their water before using it for drinking or 

cooking (Figure 11).  Most households rely on boiling (80-90%).  Filtration was the second most 

common method of water treatment (<10%).  Chemical treatment was rarely reported, for 

household use. 
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Figure 11:  Households that “always” treat drinking water—comparing different water sources 

7.2.9. Preferences for each water source 

We asked participants for their opinion about five different features about each water source: taste 

and smell, appearance, safety, reliability, and ease of use.  The following figure shows the average 

percent of “like” responses for each water source, and the average percent of “dislike” responses 

(Figure 12;  the figure does not show the percent of “no opinion” responses). 

Figure 12:  Percent of participants who liked or disliked features of each water source 

Rainwater was the favorite water source, even though 69% of people disliked its reliability.  The next 

most favored water sources were tube well water and piped water.  Few people disliked any feature 

of piped water, but almost half of people disliked the safety (43%) or taste and smell (40%) of tube 

well water.  Dug well water was the least liked water source, and surface water was most disliked. 

We also asked participants which water supply option would be their first choice “if anything was 

possible,” and then asked for their first choice if anything was possible and “it did not cost you 

anything” (Figure 13).  Rainwater was the most common first choice, if anything was possible, 

followed by piped water.  However, if there was no cost, piped water was the most common choice. 
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Figure 13:  Favorite water sources, if anything is possible or there is no cost 

7.2.10. Willingness to pay for arsenic-safe water sources 

We asked each person about four different arsenic-safe water sources.  For each water source, we 

described a pretend scenario that could really happen.  We asked if they would be interested in 

having that water source for their home.  If they were interested, we asked how much money they 

might be willing to pay, while considering what they could afford with their current income.  We said 

what it would cost, and respondents could only answer as yes, no or maybe.  If the person said no or 

maybe, we asked about their interest in other cost, monthly payment, or sharing options.  The listed 

costs were based on realistic market values, and/or half of that cost (assuming a 50% subsidy).  The 

scenarios were: 1) Deep tube well, manually drilled to an arsenic-safe depth; 2) Piped water; 3) Year-

round rainwater storage; and 4) Potable vendor water, delivered to the household in disinfected 20-

liter bottles.  

The following figure shows the percentage of people who were interested in each scenario, and the 

percentage of interested people who would be willing to pay one of the listed options (Figure 14).  

Figure 14:  Interest and willingness to pay for arsenic-safe water sources 

Overall, about 60% to 90% of respondents were interested in each of the scenarios.  One 

noteworthy exception was the shared-owner tube well, which interested only 26% of people.  
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People were most willing to pay for piped water, followed by potable vendor water.  Willingness to 

pay was relatively low for the deep tube well or year-round rainwater.   

Providing a monthly payment option increased by 50-80%, the number of people who were willing 

to pay for the two scenarios where we listed that option (deep tube well and year-round rainwater).   

Sharing a water source was definitely not popular, although we only evaluated that in one scenario.  

We did not include a scenario with a mechanically drilled tube well, which might be needed to reach 

the necessary depth for arsenic-safe water in many locations.  This would be much more costly, and 

would probably require sharing. 

 



 

Final Report – Study of Options for Safe Water Access in Arsenic Affected Communities in Cambodia Page 36 
 

8. Field study - Cost analysis 

We estimated the social costs of providing arsenic-safe water to rural Cambodians.  The methods 

and results of the cost analysis are described in detail in Appendix E. 

8.1. Introduction 

The purpose of this analysis was to estimate the economic costs of providing arsenic-safe water to 

rural Cambodians.  To estimate costs, we analyzed five existing systems: large-scale piped water 

system with private connections; small-scale piped water system with public taps; rain water 

harvesting systems; mechanically drilled deep tube wells; and protected dug wells.  While this list is 

not exhaustive, these estimates will give policy makers a better understanding of the impacts that 

water supply interventions may have on society as a whole.   

The purpose of the economic cost analysis is to illustrate all impacts to society in comparable terms 

(i.e. monetary).  Impacts from project implementation can be separated into two categories: 

hardware costs and software costs.  Hardware costs include physical inputs such as capital 

expenditures and labor.  Software costs include education, promotion, and time spent gathering 

water. 

The benefits of each source are not considered in the cost analysis.  In other words, this study 

attempts to show what society gives to get arsenic safe water (e.g. money, time, etc.), but it does 

not show what society gains from receiving arsenic-safe water (e.g. improved health).  Therefore, 

the results will not inform which water option is most valuable to society.  Instead, it will serve as an 

information aid that illustrates trade-offs made in order to provide safe drinking water in arsenic 

impacted areas.   

It is important to remind the reader that these cost estimates reflect economic costs, which means 

that it considers all costs regardless of who incurs them.  In a traditional financial analysis, costs 

would be considered that incur to one entity (e.g.  private corporation.)   While financial analysis can 

inform a single stakeholder how a decision will affect its monetary accounts, an economic analysis 

can help inform what gains or losses will face society as a whole.  Therefore, the party responsible 

for payment is not indicated in this report.  This type of information would typically be provided by a 

feasibility study conducted by a funding agency and is beyond the scope of this study.  

Additionally, these estimates represent systems that are already in place.  Data for each system 

were collected from various organizations that practice water intervention techniques.  That is to 

say, feasibility studies were conducted and each location afforded certain options based on 

geographic and demographic factors.  In practice, not all of these water sources would be options 

for an individual intervention.  That is why feasibility studies are essential to choosing the most 

appropriate water source and the deciding best allocation of resources. 

Certain analytical assumptions were used in order to estimate social costs.  These include the real 

annual social discount rate which represents the time value of money to society as a whole, the 

shadow wage rate which represents the opportunity cost of unskilled labor, the shadow exchange 

rate which represents the opportunity cost of foreign exchange, and others as detailed below.   
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Table 8: Parameters for each water option analyzed 

 

Parameters Used in Analysis Large 
Scale 
Piped 
Water 

Small 
Scale 
Piped 
Water 

Rainwater 
Harvesting 

Deep 
Tube 
Well 

Protected 
Dug Well 

Real Annual Social Discount 
Rate 

0.12 

Shadow Wage Rate 0.75 

USD Year of Original Data 2010 2009 2006 2010 2006 

Conversion Factor for 2011 
USD 

1.05 1.09 1.47 1.05 1.47 

Population Served 4932 1207 1250 1000 1000 

Number of Households 778 218 250 200 200 

Number of People per 
Household 

6.3 5.54 5 5 5 

Liter per Person Per Day  20 10 10 10 10 

Total Education Costs Included $985.36 $2,500 $904 $904 

Preliminary Studies         
(w/o Engineer) 

n/a n/a $1,200 $1,200 $1,200 

Preliminary Studies and 
Engineering Fees 

Included $10,000 n/a n/a n/a 

Time Spent Gathering 
Water (per household per 
year) 

n/a 182.5 hrs n/a 182.5 hrs 182.5 hrs 

Opportunity Cost of Time 
(per hour) 

n/a $0.09; 
0.32 

n/a $0.09; 
0.32 

$0.09; 
0.32 

Contingencies (percentage 
of investment) 

10% 10% 10% 10% 10% 

Maintenance (percentage of 
investment) 

Included 5% 5% 5% 5% 

   

8.2. Arsenic-Safe Water Sources Considered in Cost Analysis 

8.2.1. Large-scale piped water system – private connections 

Description of system:  The large-scale piped water system consists of a central treatment plant and 

a network of PVC pipes for water distribution to the individual household.  The system was designed 

to serve 1,037 households or approximately 6,535 persons, given an average of 6 persons per 

household, by the end of the 10-year investment period. 
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If all engineering specifications are met, the water is potable at the tap.  However, due to lack of 

enforcement for water quality regulations, it is still assumed that home water treatment is 

necessary.  If the regulations were enforced and thus the quality of water at the tap more certain, 

users could theoretically drink straight from the tap.   

Estimated costs:  It is estimated that the present value of the total cost to society is $242,920 2011 

USD over the 10 year investment period.  Using population and demand estimations, this leads to an 

annual average of $31.22 per household, $4.93 per person, and $0.25 per liter over 10 years. 

 

8.2.2. Small-scale piped water system – public tap stands 

Description of system:  Similar to the large-scale piped water system, this system consists of a 

central treatment plant and a piped network.  However, in this scenario the connections consist of 

20 public tap stands that are shared by an average of 11 households per tap.  The system was 

designed for 218 households or 1,200 people.     

Because the system is shared, families must devote time to water collection.   A large portion of the 

social costs for shared water sources is due to time spent collecting water.   

As with the large-scale piped water system, even though the water provided by the small-scale 

system is centrally treated it cannot be assumed that the water is potable at the point of 

distribution.  Even with proper enforcement of water quality standards it would be recommended to 

treat water at home before consumption.  This is because families must collect water in a container 

that is unprotected and may contaminate its contents.   

Estimated costs:  The present value of the total cost of the system is $296,358 2011 USD over a 10-

year investment period.  Over this time span, the average cost per household per year is $135 2011 

USD.  Based on an average of 5 persons per household this yields an average annual cost per person 

of $24.55 2011 USD and a per liter cost of $2.46.  These estimates are significantly higher than those 

of the large-scale piped water system with private connections. This can be attributed to the 

opportunity cost associated with collecting water and to economies of scale.  The latter simply 

means that a capital intensive project with fixed costs has lower per person costs when more people 

are served (i.e. production is greater but investment costs remain relatively unchanged by increased 

output).   

8.2.3. Rainwater Harvesting – 3,000 liter storage capacity 

Description of system:  The rainwater harvesting method analyzed in this study was designed and 

constructed by a local NGO.  In this scenario, there are 250 households and 1,250 people served and 

each household has its own rainwater storage vessel.  Each system includes a “first-flush” system to 

divert roof debris from entering the system after periods of no rainfall, an animal and insect screen 

for inlet and outlet, a PVC tap for dispensing water, and a covered tank that blocks sunlight and 

prevents physical sources of contamination (e.g. human access).  The storage capacity of each jar is 3 

m3, but it this size can be adjusted to suit particular needs.   

A smooth surface (e.g. roof top) of adequate size is required to collect water for storage.  If rain 

water tanks were chosen as an intervention method, one would need to factor in the cost of 
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installing proper catchment surfaces where they are not readily available, such as houses with 

thatch roofs.  This cost would be very specific to an individual village and is therefore not included in 

the estimation of costs for analysis.   

Estimated costs:  The estimated present value of the total cost is $47,799 2011 USD. The annual 

average cost per household is approximately $19 2011 USD, the average cost per person is $3.82 

2011 USD and average cost per liter is $0.38 2011 USD. 

8.2.4. Deep Tube Well – Shared 

Description of system:  Tube wells range in depth requirements according to geographical location.  

For the purpose of this study a deep tube well is analyzed; a deep tube well is typically more than 

120 meters deep and it requires a mechanically drilled borehole.  Thus, the cost of a deep tube well 

is more than that of a normal tube well (up to 80 meters deep) which can be drilled by hand.   

In this scenario a village of 1,000 persons and 200 households has a series of 20 tube wells installed.  

Thus, each tube well is shared by ten families.  The tube wells consist of a hand pump and a concrete 

apron surrounding the well.  Like other shared resources, the opportunity cost of collecting water 

constitutes a large portion of the cost of shared tube wells.   

Estimated costs:  The estimated present value of the total cost is $133,765 2011 USD.  This yields an 

annual average of $66.88 2011 USD per household.  Assuming 5 people per household, the 

estimated cost per person is $13.38 2011 USD and the estimated cost per liter is $1.34 2011 USD.   

 

8.2.5. Protected Dug Well – Shared 

Description of system:  The dug well scenario is similar to that of the tube well in the sense that it is 

a shared water source.  Each well provides water for 10 households; a total of 20 wells serve 200 

households or 1,200 people.  The well is protected by a cover and a rope pump is used to extract 

water.  The cost also includes a concrete apron that surrounds the well.  The cost analysis assumes 

all wells will have a depth of 20 meters.   

Estimated costs:  It is estimated that the present value of the total cost is $97,171 2011 USD over 

the 10 year investment period.  Given population and consumption estimations, this leads to an 

annual average of $48.59 per household, $9.72 per person, and $0.97 per liter over 10 years. 

 

8.2.6. Comparison of costs 

Each of the water sources analyzed requires the greatest capital input during the first year.  

However, it is important to look beyond the first year to see what costs occur within the 10-year 

investment period.  There are several outputs from the costing models that can describe a system.  

The first measure compared is the per person cost as illustrated in Figure 15. 
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Figure 15: Estimated cost per person over 10 year investment period 

This graph represents the cost of each source based on the fact that each provides an adequate 

supply of water for a household of at least 5 people.  During the first year of investment the dug well 

is the least costly.  However, when subsequent years are included the large-scale piped water 

system and the rain water harvesting systems are less costly than the dug well.  This illustrates the 

importance of considering all costs that occur during the investment period and not just looking at 

initial capital investment.   

Because each system provides a different level of service to the individual it is also useful to look at 

the cost per liter.  For a more in-depth discussion of consumption quantity estimates please refer to 

the technical report of the cost analysis (Appendix E).  It is important to note that this is a rough 

estimate due to the variable nature of water quantity supplied by each system.   For purposes of 

cost estimation, it is assumed that the average quantity provided by each sources is: 

 Large-scale piped water (private connections) – 20 liters per person per day 

 Small-scale piped water (shared connections) – 10 liters per person per day 

 Rain water harvesting – 10 liters per person per day 

 Deep tube well – 10 liters per person per day 

 Protected dug well – 10 liters per person per day 

Based on these assumptions, the ten year projection for cost per liter is shown below (Figure 16) 
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Figure 16: Estimated cost per liter over 10 year investment period 

Using these assumptions, the piped water system with private connection is the least cost option 

over the 10-year investment period followed by the rain water harvesting tank. 

The higher prices of the shared sources can, in part, be accounted for by the opportunity cost of 

time associated with fetching water each day.  To investigate this, the estimates were adapted to a 

scenario in which each household has its own tube well or dug well.  The piped water system with a 

shared tap was not adapted to fit this scenario because this would require a new system design.    

For protected dug wells, the overall cost of the system is greater with the construction of more 

wells.  However, the cost of collecting water is zero which leads to lower costs after the initial 

investment of capital.  In addition, because each household has its own well in these scenarios, it is 

estimated that daily usage would increase.  Thus, the unit costs (i.e. per person and per liter) are 

lower when each household has its own well.   

The case with tube wells is different than dug wells because the cost of each tube well is greater 

than the dug well.  While the cost of collecting water is absent in the second scenario, the 

maintenance costs of a capital intensive project are still quite high and lead to higher per person 

costs.  Yet, the increase in usage from 10 liters per day to 20 liters per day per person results in a 

lower per liter cost when each household has its own well. 

Due to the fact that the least cost option varies depending upon which measure is compared (e.g. 

per household, person, or liter) the ranking of systems will also vary.  Table 9 shows the ranking of 

systems by cost according to the measure used for comparison. 
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Table 9: Ranking of water sources by total cost, per person cost, and per liter cost 

 
Present Value of 

Total Cost 

(in $1,000 USD) 

Average Annual 
Cost per Person 

Average Annual 
Cost per Liter 

 

Least 
Cost 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Greatest 
Cost 

Rain Water Harvesting 

(1 HH/tank) 

$48 

Rain Water Harvesting 
(1 HH/tank) 

$3.82 

Large-scale Piped Water 
(1 HH/connection) 

$0.25 

Protected Dug Well 

(10 HH/well) 

$97 

Large-scale Piped Water 
(1 HH/connection) 

$4.93 

Rain Water Harvesting 
(1 HH/tank) 

$0.38 

Deep Tube Well 

(10 HH/well) 

$134 

Protected Dug Well 
(10 HH/well) 

$9.72 

Protected Dug Well  
(10 HH/well) 

$0.97 

Protected Dug Well 

(1 HH/well) 

$205 

Deep Tube Well  
(10 HH/well) 

$13.38 

Deep Tube Well  
(10 HH/well) 

$1.34 

Large-scale Piped Water  

(1 HH/connection) 

$243 

Protected Dug Well  
(1 HH/well) 

$20.47 

Protected Dug Well  
(1 HH/well) 

$2.05 

Small-scale Piped Water  

(11 HH/connection) 

$296 

Small-scale Piped Water 
(11 HH/connection) 

$24.55 

Small-scale Piped Water 
(11 HH/connection) 

$2.46 

Deep Tube Well 

(1 HH/well) 

$568 

Deep Tube Well  
(1 HH/well) 

$56.75 

Deep Tube Well  
(1 HH/well) 

$2.84 

* HH = Household 

The least cost option is rain water harvesting when comparing by total cost or cost per person; yet, it 

falls to second least costly when compared by per liter cost.  The large-scale piped water system 

with private connections is the least costly when comparing per liter cost.       

For all measures, the greatest cost to society is incurred from the deep tube well scenario in which 

each household has its own well.  The second greatest cost in all cases is the small-scale piped water 

system in which 11 households share one connection.  While other systems’ ranking vary according 

to the measure of comparison, private deep tube wells and shared small-scale piped water 

consistently remain the most costly to society. 

Again, one should read this with the knowledge that the estimates are based on costs incurred to 

society and do not necessarily represent market prices.  Looking at social costs is only one step in 
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choosing an appropriate water supply for a village.  In some villages, certain options may not be 

possible due to geographic or demographic characteristics.  For example, a piped water system may 

be ruled out if a village is too far from a surface water source.  This is why it is extremely important 

that a detailed feasibility study should be done before any intervention is begun.  The estimates 

presented in this analysis should serve as an information aid for a very complex decision that 

considers other aspects such as health benefits of safe drinking water.   
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9. Conclusions 

We estimate that between 100,000 and 200,000 people in Cambodia are exposed to levels of 

arsenic equal to or greater than the Cambodian Drinking Water Quality Standard of 50 µg/L.  This is 

probably an under-estimation of total exposure as many people use tube well water as a secondary 

source of water, or for purposes other than human consumption.   

Arsenic testing:  Our household survey found that—of tube wells being used for human 

consumption in the studied arsenic-impacted areas—44% had not been tested, and 29% had been 

tested and found to be unsafe.  The households that relied on untested or unsafe wells were more 

likely to be poor, less educated, and have lower awareness of arsenic and its health effects.    

Household water storage:  Nearly all households stored at least some water in the household, most 

commonly in large (400 to 600 liter) traditional storage jars.  Published literature and our one field 

studies suggested that water stored in the household is extremely susceptible to microbial 

contamination.   

Household water treatment:  Approximately 40% of the households that we surveyed do not always 

treat their water before consumption.  This suggests that the risk of diarrheal disease is probably 

high throughout the arsenic impacted zone.  In fact, 17% of the surveyed households reported at 

least one case of intestinal illness in their household in the preceding two weeks.  Furthermore, the 

risk could become worse if people shifted from tube wells, which usually have minimal or low 

bacterial contamination, to other water sources that are more susceptible to contamination.   

Suitable alternative water sources:  Our evaluation suggests that piped water systems, rainwater 

harvesting and possibly potable water vendor systems are the most suitable options for future 

arsenic mitigation activities.   

Unsuitable alternative water sources:  Surface water, improved and unimproved dug wells, 

untreated-water vendor systems, and arsenic-safe tube wells have questionable value for arsenic 

mitigation, because of concerns associated with cost, community preferences, and/or risk 

substitution. 

Surface water:  Surface water is a common source of drinking water in many rural areas of 

Cambodia.  Our water quality assessment revealed that surface water is one of the most microbially 

contaminated water sources, and quality changes substantially throughout the year.  Surface water 

is a poor alternative water source for arsenic mitigation, because of the high probability that 

microbial risk will replace the arsenic risk.  Surface water is also most likely to be at a distance from 

the household that requires personal effort or manual devices (e.g., pumps) for water conveyance, 

particularly during dry season.  Because surface water has little or no out-of-pocket cost, it is more 

likely to be relied upon by poorer households that cannot afford other options.   

Dug wells:  Dug wells are a common water supply option in much of Cambodia, although they are 

generally less common in most parts of the arsenic impacted zone.  Dug wells offer access to large 

quantities of water, especially useful in areas far from surface water.  Dug wells are probably a poor 

alternative water source for arsenic mitigation, because of the high probability that microbial risk 

will replace the arsenic risk, plus there is some risk of other chemical contamination.  Dug wells were 

the least preferred water source, when we surveyed people about different water sources.  Our 

findings also indicate that dug wells are particularly susceptible to microbial and chemical 
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contamination, with levels of microbial contamination similar to that found in surface water.  One 

study in Cambodia found that protected dug wells can be just as contaminated as unprotected wells.  

Additionally, while most dug wells in the arsenic impact zone are arsenic-safe, a small but important 

percentage contains unsafe levels of arsenic.  Manganese contamination is probably as likely to 

occur as with tube wells, and nitrate contamination is much more common.  Therefore, water 

quality monitoring must be conducted to ensure consistently safe water supply and this poses 

logistical difficulties.   

Water vendors; untreated water:  Water vendors are an emerging water source option in parts of 

rural Cambodia.  Vendors most commonly supply raw surface water, and their service is most 

desired in the dry season when stored rainwater is exhausted.  When households run out of stored 

rainwater they can replenish their storage containers through a water vendor, at moments of need 

during the dry season.  However, vending of untreated surface water is a poor water source option 

for arsenic mitigation, because the probability of substituting microbial risk for arsenic risk is very 

high.  We found that untreated vendor water generally had moderate to higher levels of microbial 

contamination.  Water vendors can potentially supply large volumes of water to households, and 

such systems are relatively quick, easy and affordable to establish.  Systems that use motorized 

transport require adequate quality roads, and this can make some villages or parts of villages 

unserviceable.  Systems that rely on mobile pumps to pump surface water into household jars are 

also limited by proximity to surface water sources.   

Water vendors; potable water:  This form of water vending is not common in the arsenic impacted 

region, but has had some success in other regions of Cambodia.  Such a system requires more capital 

investment and technical expertise than an untreated-water vendor system.  We did not evaluate 

the social cost of such a system.  There is a need for evaluation of the effectiveness of potable-water 

vendor systems for ensuring point-of-use water quality (and one study is pending).  However, in 

principle, this system can eliminate the need for household water treatment and potentially reduce 

the risk of gastrointestinal illness.  In our survey, there was a high level of interest and willingness to 

pay for potable water delivered to the household.  Therefore, we conclude that potable-water 

vendor systems warrant consideration as a possible alternative water source for arsenic mitigation.    

Arsenic-safe tube wells:  Tube wells with low or no arsenic are common throughout the greater 

arsenic impact zone as arsenic contamination can vary significantly from well to well.  However, 

arsenic-safe wells may be susceptible to other chemical contaminants, such as fluoride and 

manganese.  Deep tube wells are a preferred method of arsenic mitigation in South Asia, but there is 

limited experience with deep tube wells in Cambodia.  There are questions about how long arsenic-

safe aquifers will remain safe, especially those that are very close to contaminated aquifers and are 

relied on for large water abstraction activities such as irrigation.  Tube wells cannot be assumed to 

be safe from microbial contamination.  Our study and other studies have demonstrated microbial 

contamination in a minority but substantial fraction of tube wells.   

Cost and personal preferences may be the biggest challenge facing deep tube wells for arsenic 

mitigation.  Our analysis of mechanically drilled, deep tube wells indicates that the societal cost is 

moderate, if each well is shared by ten households, but the cost is very high for a well used by one 

household.  In our household survey, over half of people liked tube well water.  However, even 

when asked about a much more affordable, manually drilled deep tube well, the household 
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willingness to pay was lowest for this option, compared to other arsenic-safe water options, 

particularly if it was necessary to share the well. 

Therefore, we do not rule out arsenic-safe tube wells, especially deep tube wells, as a possible 

alternative water source for arsenic mitigation in Cambodia.  However, cost and personal preference 

would be a constraint, and any mitigation effort would require initial and ongoing monitoring of 

“arsenic-safe” tube wells, at additional cost.   

Rainwater:  Rainwater harvesting is widely practiced in rural areas throughout Cambodia.  The major 

limitations are seasonal availability and the requirement for substantial storage capacity to ensure 

water supply through an entire dry season.  There is a moderate risk of microbial contamination 

during storage, but usual forms of household water treatment (if practiced) should be sufficient to 

manage microbial contamination.  Traditional unimproved storage methods are common and 

affordable.  They also offer households a mechanism to increase storage capacity in steps, rather 

than having to make a single, bigger investment in a large-capacity storage container.  Rainwater 

storage systems can be suitable for large- and small-scale interventions, because interventions are 

focused on individual households and not necessarily an entire community.  Our survey revealed 

that rainwater is highly liked, except for its reliability, although household interest and willingness to 

pay were moderate to low for year-round rainwater storage.  Our cost analysis demonstrated that 

year-round rainwater storage is the least costly water source option, when considered on a per-

person basis.  The per-liter cost is more than large-scale piped water, because rainwater harvesting 

does not provide the same available volumes of water as piped water, particularly in the dry season.  

On a per-liter basis rainwater is still less costly than the other evaluated options.  However, even if 

rainwater storage is sufficient for human consumption, a separate water source may still be 

necessary to meet other water needs, such as cleaning, feeding animals or irrigating crops. 

We conclude that rainwater harvesting and year-round storage is a very good alternative water 

source for arsenic mitigation, particularly in areas where piped water is not feasible. 

Piped water:  We conclude that large-scale piped water is a very good alternative water-source 

option for arsenic mitigation in Cambodia, where it is logistically feasible.  Large-scale systems are 

not feasible for small or low-density communities.  Small-scale systems may or may not be capable 

of delivering adequate quality water, and should be considered cautiously as a mitigation option. 

Piped water is already a rapidly emerging option in Cambodia.  In our household survey, we 

encountered piped water systems in five communities where there was no piped water during the 

2008 Census.  The quality of piped water is generally good, in large-scale systems, unless it is 

contaminated during household storage.  The quality of delivered water can differ widely between 

systems, particularly small-scale systems with little or minimal water treatment.  However, even in 

large-scale systems, water quality can be compromised by an operator’s under-use of chlorine in 

response to consumer dissatisfaction with taste and odor.  Piped water can become substantially 

contaminated during household storage.  It should be a design and operational goal of any piped 

water system to ensure continuous availability of adequate water flow for all connected households, 

and to minimize the real or perceived need for household storage.  Seasonal variability in consumer 

demand can pose challenges for operators to achieve this goal. 

Large-scale piped water systems require substantial operator investment.  However, large-scaled 

piped water systems have the lowest long-term cost, compared to costs of other alternative water 
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sources that we evaluated.  Piped water is highly liked and was a highly favored choice in our survey, 

with very high household willingness to pay. 
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10. Recommendations 

#1:  Avoid creating new problems: 

Do not replace one problem—arsenic health effects and cancer risk—with other problems, 

particularly health problems related to: 

 Other chemical contaminants 

 Microbial contaminants, particularly childhood gastrointestinal illness 

#2:  Look at the need for arsenic mitigation as an opportunity to 

address more than one water quality problem in arsenic impacted 

areas. 

A well-chosen strategy for promoting arsenic-safe water sources can reduce the health risk from 

other chemical contaminants found in groundwater—such as manganese and fluoride—and 

promote water sources and practices that address microbial risks. 

#3:  Do not forget the basics 

Household water treatment 

Household treatment of drinking water is a critical necessity in Cambodia—and will probably remain 

a necessity even with improved water sources—because of widespread household storage practices. 

Household water treatment is widely practiced, but it is still under-utilized.  There is a continuing 

need to promote household water treatment and raise awareness of the importance of safe drinking 

water among families.  At the time of writing, MRD (with support from UNICEF) is finalizing 

guidelines for national and sub-national implementation of household drinking water treatment and 

safe storage (HWTS) policies and activities.  It is imperative that standardized Information, 

Education, and Communication (IEC) materials are developed for HWTS and that the government 

ensures that these materials are properly utilized in all relevant arsenic mitigation activities. 

Furthermore, in choosing arsenic mitigation strategies, it should be assumed that a substantial 

number of households will not routinely treat their drinking water.  If tube wells are replaced with a 

water source that has a greater risk of microbial contamination, then arsenic related health 

problems could be replaced with more gastrointestinal illness. 

It is also important to remember that tube wells are not free of microbial contamination.  We found 

E. coli contamination in about 30% of tested tube wells.  Other researchers have reported similar 

levels of contamination in other parts of the world too. 

Tube well testing 

Many households that currently use tube wells for drinking water in the arsenic impact area have 

either never had their well tested, or they know their tube well has an unsafe level of arsenic. 
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Education and awareness 

We found that arsenic awareness was relatively low at households that use an untested well, in the 

arsenic impact area.  These households—and households with known arsenic contaminated wells—

were also more likely to be poor, have lower household education, and have gastrointestinal illness. 

We recommend: 

 Continue to promote household drinking water treatment. 

 Aggressive efforts to identify untested tube wells in the most impacted communities. 

 Education activities directed at users of untested and known arsenic-unsafe tube wells. 

#4:  The goal of any drinking water intervention should be to 

provide affordable water with the best possible quality and 

promote household drinking water treatment and safe storage, to 

minimize the risk of illness associated with diarrheal diseases. 

#5:  We recommend that efforts to provide arsenic-safe drinking 

water focus on these three sources:   

 large-scale (and possibly small-scale) community piped water systems with treatment; 

 rainwater harvesting with year-round storage capacity; and possibly,  

 vendor sale and delivery of potable water. 

Based on our evaluation, we conclude that these three sources have the best potential to provide 

drinking water with low microbial risk, as well as the best potential to provide drinking water with 

low chemical risk, lowest risk of introducing new problems, and highest desirability among 

consumers. 

We recommend: 

 Use estimated numbers of arsenic-exposed people to identify the most impacted communes 

and villages.  For example, we estimate that the "Top 10" communes account for 25% of 

exposed people, and the "Top 20" communes account for 40%. 

 Conduct needs-assessment and feasibility studies in the most impacted communities, to 

identify the best arsenic-safe alternative water source(s) for each community. 

 Implement piped water systems where feasible. 

 Implement or promote rainwater harvesting, and/or potable water vending, in communities 

where piped water is not feasible. 

Piped water 

In principle, a piped water system that is well engineered, and properly maintained and operated, 

can provide potable drinking water directly to individual households.  However, it is not clear how 

effective smaller-scale piped water systems can be, for delivering biologically safe drinking water.   

Several problems in Cambodia impair the potential effectiveness of piped water systems, including: 

 Under-utilization of chlorine, because of widespread consumer dislike for the taste and 

smell of chlorinated water.   
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 Challenges faced by operators, such as substantial reduction in consumer demand for piped 

water during wet season, and inaccurate or flawed household water meters. 

 Lack of incentives for operators to develop or maintain enough system capacity such that 

consumer demand can be met any time of the year, which in turn can produce consumer 

dissatisfaction and/or continued reliance on household water storage.  

 Household storage practices that cause microbial contamination. 

We recommend: 

 Develop minimum design or performance criteria for small-scale piped water systems, to 

ensure adequate water volumes and quality for communities where fully engineered 

systems may not be feasible or affordable. 

 Create expectations or incentives for piped water operators to develop system capacity that 

can consistently meet or exceed year-round consumer demand. 

 Create expectations or incentives for piped water operators to use protective residual levels 

of chlorine in distributed water. 

Potable vendor water 

We acknowledge that this is not considered an "improved" water source by WHO.  Regardless, it 

may provide one practical way to put readily drinkable water in the hands of Cambodian people.  It 

is not yet clearly established how effective this system can be, for reaching all socioeconomic levels 

of a community.  Also, there are no studies yet confirming how effective this system is for ensuring 

microbial safety at the point of use (although one study is pending). Therefore, before considering 

expanded use of potable water vendor systems for arsenic mitigation: 

We recommend: 

 Independent evaluation of point-of-use water quality. 

 Independent evaluation of effectiveness for reaching poor or marginalized populations. 

Rainwater harvesting 

This approach offers several distinct advantages including wide familiarity and acceptance, relative 

affordability, and suitability for interventions of different scales, ranging from single households to 

communities.  It is possible to boost household storage capacity by adding traditional jars, or by 

constructing household containers with larger storage capacity.   

Stored rainwater commonly has a low to moderate risk of microbial contamination.  Any efforts to 

promote rainwater harvesting, must be accompanied by efforts to promote and ensure household 

water treatment. 

#6:  Design interventions specifically to reach the poorest or 

relatively marginalized members of communities, possibly using 

consumer subsidies or operator/vendor incentives. 

#7:  When planning interventions, consider the potential benefits 

of intervention options, and not just the costs. 
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We emphasize that our study evaluated current practices, people's attitudes and perceptions, and 

costs of different water sources.  We did not do a cost-benefit study.  It is possible that a slightly 

more costly intervention might have greater health benefits or greater consumer satisfaction.  Any 

"arsenic" intervention that can also potentially reduce the risk of microbial contamination and 

gastrointestinal illness, could provide substantial savings to individuals and society. 

#8:  Avoid fragmented or non-coordinated approaches to arsenic 

interventions.   

It is not necessary for the government to take direct responsibility for all interventions.  However, 

the government should continue its leadership role by developing a national service delivery plan, to 

ensure that arsenic-safe and microbially-safe water sources are developed in an efficient manner for 

the communities and people that are most at risk in the arsenic impact area. 
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