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Background on Guatemala

Guatemala has among the world’s worst health statistics in terms of chronic malnutrition and substandard child growth attainment.  Recent studies report that 44 percent of Guatemalan children are chronically malnourished (Marini and Gragnolati, 2003).  The numbers on chronic malnutrition reach even higher, to 58 – 67 percent, among children of indigenous families in Guatemala.  The prevalence of juvenile growth stunting (low height-for-age, a parameter used internationally as an indicator of chronic malnutrition) is 50 percent in rural areas, one of the worst values in the Northern Hemisphere (UNICEF, 2005).  Although the national incidence of stunted children in Guatemala has declined from 59 percent in 1987 to 44 percent in 2000, the rate of decline of stunting has been the slowest in the Latin America and Caribbean region (ENCOVI 2000/INE study). 

Lack of safe water contributes significantly to the high incidence of diarrheal disease and chronic malnutrition in Guatemala.  Parasites, transferred by waterborne contamination, consume nutrients, aggravate malnutrition, retard children’s physical development and result in poor school attendance and performance (UNICEF, 2003).  The high incidence of malnutrition in Guatemala is more than coincidence, when less than half of the rural population has access to piped water.  The Guatemalan Ministry of Health reports that 98% of the country’s water sources are contaminated.  Of the 331 municipalities in Guatemala, only 24 have drinking water treatment systems, and of these 24 only 15 systems are currently in operation (Prensa Libre, 14 Oct, 2004), Figure 1.
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Pervasive contamination of water supplies indicates the urgent need for health infrastructure support.  According to Carol Bellamy, Executive Director of UNICEF, “for every US$1 invested in children – including money to improve access to clean water and sanitation - US$7 will be saved in the cost of long term public services”.

Objectives and Thesis

Objective of this white paper:  To draw the connection between diarrheal diseases caused by waterborne contamination and chronic malnutrition, malnutrition that results in the following outcomes:  stunting of growth, susceptibility to illness, likelihood that child may not reach full genetic potential, and likelihood that a child will not gain full benefits of education.  The cumulative result of the above noted conditions is weak regional economic development.

Thesis:  The availability of safe drinking water is critical to child development and reduction of chronic malnutrition.  Inclusion of a water supply/treatment development program is essential to a comprehensive health promotion program in Guatemala.

Contamination of Water Sources 

Lack of clean water causes millions of children in the developing world to suffer needlessly and die from disease and malnutrition.  In Guatemala, contamination of water sources is a primary cause agent of acute and chronic diarrhea in rural and peri-urban areas, constituting a major public health problem.  Reliable morbidity data for diarrheal diseases are difficult to obtain owing to the paucity of adequate health care services in rural areas and the incompleteness of disease surveillance.  However, it is known that the majority of deaths among infants and young children are due to dehydration, malnutrition and other complications of waterborne infections due to bacterial, viral or protozoan contamination.  In 2004 alone, the Guatemalan Ministry of Health reported over 300,000 registered cases of diarrheal disease (Prensa Libre, 14 Oct 2004).

Microbiological indicators of contamination include: bacteria, viruses, protozoa or less commonly larger species such as helminthes, nematodes, or other worms.  Waterborne diseases constitute a range of syndromes, including: acute dehydrating diarrhea (cholera), prolonged febrile illness with abdominal symptoms (typhoid fever), acute bloody diarrhea (dysentery), chronic diarrhea (Brainerd diarrhea), viral diarrhea including rotaviral infections, Hepatitis A, amoebic dysentery, Giardiasis, and Cryptosporidiosis, among others (CDC, 2003; AWWA, 1999).  

As noted earlier, the Guatemalan Ministry of Health reports extremely high levels of water source contamination by fecal waste and chemical residuals (Prensa Libre, 14 Oct 2004).  This alarming statistic is supported by a three-year study in 2002-2004 conducted by Project Concern International and the Ministry of Health in the department of Huehuetenango, in which piped water from 31 different municipal water systems was repeatedly sampled to test for contamination due to fecal coliform bacteria.  In the year 2002, 26 municipal water systems out of the 28 systems sampled that year (93%) had one or more water samples showing fecal contamination.  In 2003 and 2004, evidence for fecal contamination had decreased slightly to 70% of municipal water systems (21 out of 30 systems) in 2003, and 83% of municipalities (19 out of 23 systems) in 2004.

Contaminated surface and ground water sources and poorly functioning water distribution systems contribute to the transmission of waterborne contaminants.  Water contamination is exacerbated by increasing populations, urban growth and expansion, peri-urban settlement and continued pollutant transport into ground and surface water due to deforestation, global climate change, recurrent disastrous weather events (hurricanes, cyclones, floods, tsunamis, etc.) and increasing coverage of the earth's surface with impervious materials (Sobsey, 2002).  
Despite efforts to install and improve water systems in the decade of the 1990’s and following Hurricane Mitch (1998), installation and improvements in water and sanitation infrastructure in Guatemala have not kept pace with population increases or urban and rural migrations.  Furthermore, the lack of safe water is disproportionately experienced by the poor and indigenous population of Guatemala.  Whereas some limited water services had been in place in rural indigenous villages prior to the Guatemalan civil war, many of these systems were destroyed due to military activities and the ruin of rural communities. 

Diarrhea Exacerbates Malnutrition 

Acute and chronic diarrhea has a significant impact on juvenile nutritional status, particularly in cases where energy intake is already marginally adequate or less than adequate.  Diarrhea can reduce the energy gained from food through four mechanisms:  1) reduced dietary intake, 2) increased fecal loss and loss of nutrients, 3) poor absorption of macronutrients and micronutrients due to decreased intestinal transit time, and 4) increased protein catabolism caused by an acceleration in basal metabolic rate (Lutter et al., 1992; Martorell et al., 1989; Brown et al., 1990; Molla et al., 1983).  These phenomena associated with diarrhea act to rob macronutrients and micronutrients from a child’s body, causing a reduction in energy available at the cellular level (Lutter et al., 1992; Chen and Scrimshaw, 1983).  Over time, such reduction in availability of nutrients results in stunting of growth, intellectual impairment, and diminished productive and creative capacities (Marini and Gragnolati, 2003; UNICEF, 1998). 

Although chronic malnutrition is a cumulative phenomenon, it is of greatest concern with children under 24 months, a period of significant brain development and substantial vulnerability because immune systems have not fully developed.  Within these first two years, a most critical period of risk arises from 6 to 24 months, during the transition (weaning) from exclusive breastfeeding to a diet of solid and liquid foods which are often contaminated and of poor quality. 

Scrimshaw et al, 1968 first described the synergistic relationship between malnutrition and infection (such as diarrhea) on nutritional status as such:  “The simultaneous presence of malnutrition and infection results in an interaction that is more serious for the host than would be expected from the combined effect of the two working independently.” 

Both the duration and frequency of infectious diseases such as diarrhea and respiratory illness affect nutritional status by suppressing the appetite and by interfering with nutrient absorption, utilization, and requirements through energy lost through increased stool discharge, vomiting, loss of heat during fever or sweat, and destructive metabolic processes (Rohde, 1986 and Victora et al., 1986).  Of these two types of infectious disease, an extensive study conducted in Brazil showed that hospital admissions for diarrhea were more closely correlated with subsequent malnutrition and growth stunting than were admissions for pneumonia (Victora et al., 1990).

Simply increasing household income or food production is not sufficient to guarantee a reduction in malnutrition (Marini and Gragnolati, 2003).  Poor health conditions and a lack of access to basic services including safe water and sanitation put children at risk, even those who receive adequate caloric intake.  A juvenile growth study conducted in El Progreso, Guatemala demonstrated that children affected by diarrhea lost 4 cm in height compared to the control group (Lutter et al., 1992).  In this study, two groups of children (3 months to 36 months) were examined for growth differences: one (A) receiving a supplement with nutritional benefits; and the other (B) receiving no additional nutrition or micronutrients in additional to traditional Guatemalan diet.  The group receiving nutritional supplement (A), a height difference of approximately 1.5 cm was measured over the group receiving the non-nutritional supplement (B).  Furthermore, within the group receiving the non-nutritional supplement (B), a difference of 4 cm in growth was observed between children experiencing the lowest and highest levels of diarrhea, demonstrating that children receiving less than adequate nutrition are disproportionately affected by diarrheal disease.  

Contrary to the statistics for children, adult malnutrition (under-nutrition) in Guatemala is not a serious problem, with less than 1% classified as severely or moderately malnourished (Marini and Gragnolati, 2003).  Programs designed to alleviate malnutrition should therefore focus on provision of basic services such as safe water and sanitation, and on nutritional supplementation during the three most important growth periods: 1) infancy, 2) between 6-8 years, and 3) adolescence.  

Safe Water: Long-Term and Near-Term Strategies for Health 

Disease prevention, together with improvements in the quality and availability of water and sanitation, are critical for reducing chronic malnutrition.  Malnutrition jeopardizes the future economic growth of a country by reducing the intellectual and physical potential of the population, thereby maintaining conditions of poverty (Marini and Gragnolati, 2003).  Improvement in basic services should include improvements to water and sanitation infrastructure, coupled with education regarding water treatment, household health, and food preparation to lessen exposure to pathogens and vulnerability to infection (Lutter et al., 1992 and Esrey et al., 1991).  

The World Health Organization states that no single type of intervention has greater overall impact upon national development and public health than does the provision of safe drinking water and the proper disposal of human excreta (WHO, Fact Sheet No. 112 – Water and Sanitation).  Furthermore, it is now well documented that the provision of safe water alone reduces diarrheal and other enteric diseases by 6 to 50%, even in the absence of improved sanitation or other hygiene measures (Sobsey, 2002).  

When considering an overall health program for a country like Guatemala, provision of safe drinking water must be considered an important part of the suite of long-term and immediate strategies for reducing malnutrition and improving regional economic growth.  Solutions to the challenges associated with the provision of safe water can likewise be separated into two strategic time frames for implementation:  1) Long-term investments in drinking water infrastructure, and 2) Near-term improvements in household health practices through education in drinking water treatment, storage, and hygiene. 

Long-Term Investments in Health through Safe Drinking Water

Provision of safe water to those without it is critical to the reduction in chronic malnutrition and infectious disease, and to the improvement of long-term community health.  The impact of diarrheal disease on developing economies is significant.  A study conducted in El Salvador in 1998, calculated the economic impact of water contamination to be a substantial portion of per capita income (Michaels, 1998; Social Vulnerability through Health Action, El Salvador, 2000).  In the labor field, it is estimated that the direct and indirect costs of worker health problems including diarrheal disease are above 4% of the GDP of developing countries (PAHO/WHO, 1998).

In the last decade, international donors have reduced investment in water systems owing to the perceived high cost of centralized water treatment and distribution systems.  However, when per capita water project costs are amortized over productive project lifetime, water systems prove to be wise investments that provide significant long-term health benefits to a community or region.  

Water system cost data for small rural gravity-flow systems (less than 250 families) were compiled and assessed by the author to show the small investments needed to achieve significant improvements in rural health.  Cost information was obtained from non-profit development organizations including:  Water for People, Water Partners International, CARE, COCEPRADIL, and Catholic Relief Services.  Project capital costs were amortized to determine the Equivalent Uniform Annual Cost (EAUC), so that long-term infrastructure costs could be compared with the annual costs of health programs that do not require long-term investments.  Amortization was performed over a conservative infrastructure lifetime of 10 years, at a discount rate of 7%.

An overview of EAUC results for Guatemala and Honduras in years 2000-2004 is presented in Figure 2.  The water systems fall into two categories: 1) water system alone; and 2) water system with latrines, grey water drains and/or public washing stands.  Per capita costs for different water (and sanitation) systems vary widely, owing to numerous factors including:  size of community, distance from main roads (variable costs for transportation of materials), differences in terrain (distance to water source, change in elevation, etc.), levels of manual and skilled labor contributed by the community, and administrative overhead reported by the specific non-profit organizations involved in each project.  

Figure 2 - Overview of Water System Cost Ranges for Guatemala and Honduras: 2000-2004

[image: image2.emf]$-

$5.00

$10.00

$15.00

$20.00

$25.00

Guatemala: Water, no

Sanitation

Guatemala: Water &

Sanitation

Honduras: Water, no

Sanitation

Honduras: Water &

Sanitation

EAUC per Consumer, 10 years ($US)


Although costs for Guatemalan rural community water systems varied widely, affordable installation of community water system infrastructure can be achieved, with 10 year EAUC as low as US$5.40 per consumer without sanitation, and US$6.00 per consumer with some sanitation components.  These EAUC costs are equivalent to per capita present value investment costs
 of US$38.00 and US$42.20, for Guatemalan projects comprised of water systems alone, and water systems with sanitation, respectively.  Three key factors were shown to contribute positively to water system affordability:  project leadership by NGOs that are in close contact with (living in or nearby) target communities; use of experienced technicians instead of engineers where appropriate; and use of volunteer (often non-Guatemalan) professionals within the NGO (Water for People, 2005).  

Given the infrastructure cost information provided above, improvement in rural water supply coverage is feasible for Guatemala with relatively modest long-term investments.  Furthermore, when the chronic health consequences of using contaminated water are considered, it is clear that the provision of safe water must be a priority.

At the level of Guatemalan municipalities, water treatment practices and infrastructure must be also updated to reduce waterborne contamination from the current index of 98% as reported earlier, so that safe water can be provided to residents.  Fairly high population densities in municipal regions suggests that relatively minor investments in infrastructure improvements, such as effective chlorine disinfection, could provide substantial benefits in the form of safe, pathogen-free water to numerous consumers.
Near-Term Improvements in Health through Safe Drinking Water

Until the long-term goal of providing safe, piped, community water supplies can be achieved in Guatemala, there are numerous near-term improvements that can be implemented to combat waterborne disease.  Waiting for the provision of piped, microbiologically safe water systems to the many communities lacking such basic services is not a recommended health policy strategy, particularly when the basic need for clean water can be met on a provisional basis (Sobsey, 2002).

Near-term health improvement strategies must focus on household and community water practices that can provide immediate health benefits.  Four key factors can be identified in the sustainable provision of safe drinking water to a household or small community:

1. Health educational programs that include water treatment training, such as PHAST, Participatory Hygiene and Sanitation Transformation created by the WHO;

2. Physical water treatment:  selected methods appropriate for the developing world;

3. Chemical water treatment:  selected methods, focusing on chlorine disinfection; 

4. Appropriate practices of water collection and storage.

1. Health educational programs focused on water treatment and storage training

The first key factor in provision of safe water is the implementation of health educational programs that promote health awareness among all members of a community to improve hygiene and sanitation behaviors.  These programs can effectively introduce water treatment and storage techniques that provide at risk populations with safer water at the household level.  An example of a particularly successful model is the PHAST, Participatory Hygiene and Sanitation Transformation program created by the World Health Organization in 1996.  Such educational programs focus on cultural understanding, community involvement, and active participation; three important factors that garner community support and acceptance for new technologies.  To this end, water treatment and storage practices must be consistent with prevailing beliefs, cultural practices, and local resources.  Around the world, efforts to introduce improved household water treatment and storage systems have successfully employed health education, community mobilization, social marketing, motivational interviewing, focus groups, and other educational, promotional, communication and mobilization techniques to change behaviors, facilitate learning and elicit participation (Sobsey, 2002).  

2. Physical water treatment

Safe drinking water implies water that is free of pathogenic microbiological contamination.  Most of the treatment methods used to purify water and make it safe for drinking can be historically traced to ancient practices (Baker, 1948; Jahn, 1981).  Recorded in ancient history are the physical treatment methods of sedimentation, filtration, boiling or heating, and exposure to sunlight (UV irradiation and heating).  Provided in Table 1 is a summary of physical water treatment methods that are most viable for household use in Guatemala (Sobsey, 2002).  The different physical treatment methods have been subjectively ranked according to applicability for Guatemala. 

Table 1. Physical Water Treatment Methods Viable at the Household Level
	Method
	Availability and Practicality
	Technical Difficulty
	Cost
	Microbial Efficacy
	Ranking for Guatemala

	Sunlight Exposure (UV) SODIS
	High
	Low-Moderate
	Low
	High
	1

	Filtration
	Varies
	Low-Moderate
	Varies
	Varies
	2

	Plain Sedimentation
	High
	Low
	Low
	Low
	3

	Boiling
	Varies
	Low-Moderate
	High
	High
	4


Exposure to sunlight (UV radiation) is the highest ranked physical treatment method for household application in Guatemala.  This method is simple, economical, and highly effective for inactivating microbes in drinking water.  Moreover, it does not require special equipment or introduce chemicals to the water.  A number of solar treatment systems have been described, but one of the technically simplest, most practical, and economical is the SODIS system developed by the Swiss Federal Agency for Environmental Science and Technology (EAWAG).  The SODIS system consists of four basic steps: (1) removing solids from cloudy water (turbidity >30 NTU) by settling or filtration, if necessary, (2) placing low turbidity (<30 NTU) water in clear plastic bottles of 1-2 liter volume (usually discarded beverage bottles), (3) aerating the water by vigorous shaking in contact with air, and (4) exposing the filled, aerated bottles to full sunlight for about 5 hours (longer if partial sunlight).  Studies of the SODIS method have demonstrated up to 86% reduction in incidence of diarrhea in rural Kenyan communities (Conroy et al., 1996; 1999), at an estimated annual cost of US$3 for a household of 5 people (Sobsey, 2002).  This method has been effectively used worldwide and in many highland and coastal communities of Guatemala.  More information can be provided on UV drinking water treatment and the SODIS system upon request.

Filtration and sedimentation are two methods that have been practiced in the household since ancient times using different types of filter media, small and large settling vessels, and reservoirs.  Filtration and sedimentation can effectively be used as pretreatment methods to achieve solids removal ahead of other treatment techniques (e.g., SODIS, chlorination); however, as stand-alone water treatment methods the results are mixed.  Filtration (passage of water through coarse to fine filter media such as sand, coal, ceramic, fabric) can be effective for removal of waterborne pathogens; however, the availability, affordability, and efficacy of different filtration media vary widely and depend on local factors.  Sedimentation (settling of suspended solids in still water) is a simple and efficient technique for solids removal; however, sedimentation alone does not achieve adequate and reliable pathogen removal.  The uncertainties associated with pathogen removal in both filtration and sedimentation suggest that these methods cannot reliably provide safe water in the household without subsequent chlorine disinfection.  Indeed, filtration and sedimentation are commonly used in industrialized countries in combination with disinfection, as part of a “multi-barrier approach” to water treatment.  More information about filtration and sedimentation for water treatment can be provided upon request.
Boiling of water with fuel is not a recommended strategy for disinfection of household water.  A major disadvantage of boiling is its consumption of energy in relation to the availability, cost and sustainability of fuel.  It is estimated that 1 kilogram of wood is needed to boil 1 liter of water (Sobsey, 2002).  In areas of the world where wood or other fuels are in limited supply and must be purchased, the costs of boiling water are prohibitive.  Therefore, boiling household water is unrealistic and inaccessible for many of the world's poorest people due to the scarcity and high cost of fuels and the lack of sustainability of biomass or fossil fuels in the community or region.  In Guatemala, as in other areas of the world, the use of wood and wood-derived fuels is also a concern because it contributes to the loss of woodlands and the accompanying ecological damage caused by deforestation. 
3. Chemical water treatment

Many chemical water treatment methods can also be traced to ancient practices: coagulation or adsorption with alum, lime, and plant extracts, adsorption with carbon (charcoal), clay and plant materials, and exposure to germicidal metals such as silver and copper (Baker, 1948; Jahn, 1981).  The use of chlorine and other oxidants is a more recent development, dating back only to the mid-nineteenth century, when modern chemistry emerged as a science.  

Chemical treatment methods can be grouped into four main categories: (1) chemical disinfection processes; (2) treatment by coagulation-flocculation prior to sedimentation or filtration; (3) adsorption process; and (4) ion exchange processes.  Of these chemical treatments, chemical disinfection is the most important process for community water treatment in the developing world, owing to its effective inactivation of waterborne pathogenic microorganisms.  Chlorine disinfection is therefore the focus of this section.  This paper does not discuss other chemical disinfectants such as ozone, chlorine dioxide, monochloramine, owing to the expense and difficulty of use in the developing world.
In the industrialized world, chlorine disinfection has nearly eliminated waterborne bacterial and viral diseases.  Chlorination still provides the least costly and best means to eliminate the acute risks of contamination due to waterborne pathogens.  The WHO states the importance of chlorine as a cost-effective disinfection strategy:  "Disinfection is unquestionably the most important step in the treatment of water for public supply. The destruction of microbiological pathogens is essential and almost invariably involves the use of reactive chemical agents such as chlorine or other oxidant” (WHO, Guidelines for Drinking Water Quality, l993).  At doses of a few milligrams of chlorine per liter (mg/l) and contact times of about 30 minutes, free chlorine generally inactivates over 99.99% of enteric bacteria and viruses.  An additional advantage of chlorine disinfection is the presence of a residual disinfectant concentration that provides some protection from subsequent microbial contamination (White, 1986).  

For point-of-use or household water treatment, the most practical forms of free chlorine are liquid sodium hypochlorite (purchased as liquid in bottles), electrochemically generated sodium hypochlorite (created on-site by electrolysis of NaCl, common table salt), solid calcium hypochlorite, and bleaching powder (chloride of lime; a mixture of calcium hydroxide, calcium chloride and calcium hypochlorite).  Bleaching powder is less desirable for drinking water disinfection owing to possible additives (detergents, fragrances, abrasives, etc).  

An example of the effectiveness of chlorine disinfection in the developing world is provided by the Centers for Disease Control (CDC).  Based upon the "CDC Safe Water" method, chlorine disinfection (concentrated sodium hypochlorite solution) is followed by water storage in specially designed vessels (CDC, 2003 – Safe Water System).  This CDC method has been shown to reduce community diarrheal disease, including cholera, by 17-90% and to reduce the concentration of waterborne microbes by >99%, at an estimated annual cost of US$10 for a household of 5 people (Handzel, 1998; Mintz et al., 1995; 2001).  It has been successfully implemented in numerous countries and regions of the world, including Latin America (Bolivia, Ecuador, Nicaragua and Peru).

4. Appropriate practices of water collection and storage 
The fourth key factor in provision of safe water is the practice of water collection and storage.  The choice of appropriate water collection and storage containers or vessels is critical.  The following recommendations have been compiled by WHO: (1) between 10-25 liters capacity, rectangular or cylindrical with handles and flat bottoms (where daily family drinking water needs are 20-25 liters), (2) made of lightweight, oxidation-resistant plastic, for durability and shock resistance, (3) fitted with a 6-9 cm screw-cap opening to facilitate cleaning, but prevent introduction of hands or dipping utensils, (4) fitted with protected and easily closed spigot for dispensing water, (5) provided with pictorial and/or written instructions for use; (6) compatible with chosen household water treatment, (7) sized to meet daily water volume needs of the household, and be practical and manageable for the users (women, men or children), and (8) affordable or subsidized, and (9) socio-culturally acceptable (Sobsey, 2002; Mintz et al., 1995; Quick et al., 1996).  These critical features of safe water storage must be clearly explained and demonstrated in health education programs, such as those described above.
A key factor contributing to increased risk of microbial contamination of stored water is use of inappropriate storage vessels.  Increased vulnerability to contamination is derived from the following conditions:  vessels with wide openings that provide access to hands, cups and dippers, higher temperatures (increased microbiological growth rate), increased storage times, higher levels of airborne particulates (dust storms).  The use of water that has not been stored properly contributes to increased risks of infectious diseases during preparation of infant foods and other foods (Echeverria et al., 1987; CDC, 2003).

Conclusions

Chronic malnutrition continues to be a grave health problem in Guatemala.  The link between malnutrition and waterborne disease is clear.  Long-term solutions to the problem of contaminated drinking water are available; however, such infrastructure investments may require years of financing before Guatemalan communities of all sizes have access to safe water.  In the near term, affordable solutions ARE available, and can be accomplished at relatively minor costs, via expansion of existing health-focused educational programs to include training in safe practices of water treatment, safe water storage, and hygiene.  Such programs promoting safe water must be targeted to reach far afield in rural areas, such that the most impoverished and malnourished Guatemalans have access to creative and simple solutions for access to safe drinking water. 

Installation of community-based water systems does not represent a prohibitively expensive long-term investment in health improvement for Guatemala.  When funds are applied appropriately by the proper development organizations, public water works can be constructed for US$6 per consumer per year over a 10-year amortization period.  Until community-scale water systems can be installed, near-term educational programs can assist with household adoption of water treatment and storage practices that can provide immediate health improvements.  The success of health-focused development programs (e.g., USAID’s Mother Child Health and Nutrition program and Food for Peace program) would benefit tremendously by the inclusion of health education modules that cover safe practices for household water treatment and storage, enabling households to create their own source of safe and affordable drinking water.  As noted previously, substantial reductions in diarrheal disease have been demonstrated by the two recommended household water treatment techniques: SODIS (86% reduction) and CDC Safe Water chlorination method (17-90% reduction).  These approaches are affordable, with annual costs for SODIS UV disinfection and for CDC Safe Water chlorination quoted at US$3 and US$10 per family, respectively.

If the prevalence of chronic malnutrition is to be reduced in Guatemala, access to safe water must be a high priority of the government and international development organizations.  Such institutions need to focus on both long-term and near-term strategies for provision of this basic service: 

safe water. 
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