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1.  Background 
 

The World Water Vision process leading to the Second World Water Forum held in 
March 2000 has generated a great deal of enthusiasm towards better management of water 
resources in the region, as well as elsewhere.  In order to build on this global initiative and the 
generated enthusiasm into a regional cooperation programme for more effective regional 
contribution to the World Water Vision efforts, a programme of cooperation between the Food 
and Agriculture Organization of the United Nations (FAO) and the United Nations Economic 
and Social Commission for Asia and the Pacific (ESCAP) was launched in 2000 to promote 
the process of developing national water visions.  In the initial phase of this programme that 
was implemented in 2000 and 2001, four case studies were carried out in Southeast Asia, with 
financial resources made available by FAO.  The initial phase was completed and a synthesis 
on the related lessons produced in 2001. 

Building on the perception that World Water Vision development is a LEARNING 
process, FAO and ESCAP continue this joint, region-wide initiative into the second phase, to 
be carried out during 2002-2003.  In this phase, when contacted by ESCAP to take part in the 
project, the Water Resources Coordination Committee Secretariat accepted the offer with a 
view to build on its ongoing efforts in cooperation with other international organizations, 
particularly the Global Water Partnership.  This report summarizes the results of previous 
studies related to the subject and presents the findings of this latest joint undertaking. 
 
 
2.  Country overview 
 

The Lao People’s Democratic Republic is a landlocked country with an area of 236,800 
square kilometres, most of which is mountainous and about 47 per cent forested.  The country 
has 16 provinces, one municipality, and a special zone.  The estimated year 2000 population is 
5,218,000, giving a current average population density of 21 persons per square kilometre.  
The range in population density is from the highest in Vientiane Municipality (149 persons per 
square kilometre), to the lowest in the Xaysomboun Special Zone (8 persons per square 
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kilometre).  The Lao People’s Democratic Republic has the third lowest population of the 
ASEAN countries.  In some of the mountainous areas the population is very scattered. 

The Lao people include many ethnic groups with different cultures, customs, and 
beliefs.  These must be taken into account in the socioeconomic development of the country.  
Impediments to socioeconomic development include high illiteracy, birth and infant-mortality 
rates, low productive efficiency, lack of experienced staff and skilled labour, and a system of 
law and regulations, which is still incomplete.  These are the main barriers to implementing the 
government’s strategy of equitable socioeconomic development.  However, Lao People’s 
Democratic Republic has a high potential for socioeconomic development owing to its 
abundant natural resources, especially water sources, which are not used to their potential. 

Currently, the agricultural sector provides the foundation for the country’s 
socioeconomic development.  It provides the largest share of foreign currency income (40 per 
cent), about 52 per cent of the gross domestic product (GDP) and 85.5 per cent of the 
employment.  The industrial and service sectors are in their infancy; however, hydropower is 
one of the main export sectors of the country and its production is expected to double in the 
next ten years. 
 
2.1.  National policy and long-term goals of socioeconomic development 
 
a.    National socioeconomic development policy 

The foundation of the policy has the following main components: 
 Aim to alleviate poverty, minimize gap in the socioeconomic status between 

urban and rural areas, and increase the harmony and understanding among 
ethnic groups; 

 The national economic development process is to be based on the wealth of 
natural resources, especially water and water resources, while greater 
agricultural production and improved capability in the service sector is to 
support commerce and economic cooperation in the region; 

 The social policy aims to develop human resources, public health and social 
welfare with special emphasis on ethnic groups in remote areas; 

 All people and every organization must protect the environment and natural 
resources: soil, groundwater and minerals, forests, wildlife, water sources, and 
air; and 

 Natural resources management is to be promoted through community 
ownership. 

 
b. Long-term socioeconomic development goals 

The long-term socioeconomic development goals of the country are increased national 
income and a better living standard for the population, along with protection of the 
environment and maintaining the culture and customs of the Lao people.  To achieve these 
objectives, the government identifies 8 priority programmes as follows: 

1. Food production, 
2. Stabilization of shifting cultivation, 
3. Commodity production, 
4. Infrastructure development, 
5. Rural development, 
6. Human resources development, 
7. Services development, and 
8. External economic relations. 
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2.2.  Status of water and water resources management 
 
a. Overview 

The Lao People’s Democratic Republic has abundant water and water resources.  The 
annual average rainfall countrywide is 1,650 mm, 1,300 mm/year in the north, 1,500 mm/year 
in the central region and 2,000 mm/year in the south; on the Boloven plateau, it is 3,700 
mm/year.   The average flow from the tributaries of the Mekong River is 8,500 m3/second or 
35 per cent of the total flow within the Mekong River basin. 

The abundant water sources in the Lao People’s Democratic Republic have the 
potential to support socioeconomic development, especially hydropower and irrigation.  The 
hydropower potential of Lao People’s Democratic Republic is great compared to other 
countries in the lower Mekong River basin, providing an opportunity to earn foreign income.  
The hydropower sector also has the ability to develop rapidly: it has increased its production 
about 5 times from 247 million kilowatt hours in 1976 to 1,187 million kilowatt hours (473 
million kilowatt hours of which exported) in 1999.  The government has given high priority to 
investment in irrigation, as agriculture is the foundation of national economic development, 
necessary for food stabilization, and some 85 per cent of the population lives in rural areas. 
From 1976 to 2000, the area of irrigated dry-season rice increased about 40 times: from 2,700 
ha to 110,000 ha.  Irrigation also significantly increased the average yield of rain-fed paddy 
rice, from 1.43 t/ha in 1976 to 3.27 t/ha in 2000.  However, water source development is still at 
a low level: the irrigated area is only 20 per cent of the national paddy area and hydropower 
production is still at 2 per cent of its potential of 30,000 megawatt.  Development in other 
sectors is still at a low level compared to hydropower and irrigation. 

Although some advances have been achieved in the water sector, problems remain. 
These include: unusual rainfall patterns in some years, high evaporation, flood and drought in 
some of the main agricultural areas of the country; impact of shifting cultivation on water 
resources, even though this activity has been significantly reduced; and conflict of interests for 
management of the sector since most water sub-sectors are still responsible for multiple roles 
as regulators, managers and service providers. 
 
b. Water management activities 

In order to achieve sustainable exploitation, use and development of water and water 
resources and to improve the management of these resources, the management, legislation and 
institutions in the water sector have been gradually improved, such as the Water and Water 
Resources Law (approved October 1996), the Environmental Protection Law (approved April 
1999), some ministerial decrees, and regulations to implement the Water and Water Resources 
Law and other related laws. 

The mandate of the Water Resources Coordination Committee (WRCC) (approved 
February 1999) established the WRCC within the Prime Minister’s Office.  The WRCC is to 
provide advice to the government on matters related to water and water resources and to 
coordinate the planning management, follow-up, inspection and protection of water and water 
resources aimed at the sustainable development and use of water and water resources in line 
with the government policy of socioeconomic development. 

The mandate of the Lao National Mekong Committee (LNMC) has been updated 
(approved November 1999).  The committee’s role relates to water resources development in the 
Mekong Basin, and is to formulate policy, strategic plans, water-resources-related development 
projects and programmes within the Mekong basin, taking into consideration the protection of 
the environment and ecological balance, community participation, and to cooperate with the 
other Mekong riparian countries, other countries and donors.  The LNMC aim is to ensure 
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fruitful implementation of development projects within the territory of the Lao People’s 
Democratic Republic. 
 

TABLE 1.  INSTITUTIONAL ARRANGEMENTS IN THE WATER SECTOR 
 

Organization Function Role 
Science Technology and 
Environment Agency, Office of 
the Prime Minister (OPM)  

Has overall responsibility for science technology and environment 
activities. Coordinates agencies related to research and 
management of scientific, technological and environmental 
affairs. Ensures Lao People’s Democratic Republic is up to date 
in scientific and technological advancements. Regulates 
wastewater disposal. 

Regulator 

 National Mekong Committee 
Secretariat, State Planning 
Committee (SPC) 
 

Coordinates international aid assistance associated with 
investigation and development of the water resources of the 
Lower Mekong River basin. Follows up, controls and supervises 
use of that aid and reports regularly on the outcome and execution 
of each project. 

Manager 

Department of Irrigation, 
Ministry of Agriculture and 
Forests (MAF)  

Implements government policies, strategies and programmes 
related to the development and management of irrigation, 
drainage and rural flood control. Monitors and evaluates data and 
information on irrigation and reports on changing situations. 
Issues standards relating to irrigation survey and design. 

Regulator / 
Manager 
and service 
provider 

Department of Livestock and 
Fisheries, MAF 

Implements government policies, strategies and programmes 
related to the management of fisheries (and livestock). Monitors 
and evaluates data and information related to fisheries (and 
livestock) and reports on changing situations. 

Regulator / 
Manager 

Department of Meteorology and 
Hydrology, MAF 

Collects, evaluates and disseminates rainfall, evaporation, and 
river height and flow information for the Lao hydrometeorology 
network. 

Service 
provider 

Inland Waterway Division of 
Department of Communication, 
Ministry of Communication, 
Transport, Posts and Construction 
(MCTPC) 

Manages the use of waterways for transport and ensures safe 
navigation via dredging and navigational aids. Responsible for 
riverbank and urban flood protection. Collects hydrologic and 
hydrographical data on Mekong River and main tributaries. 

Manager 
and service 
provider 

Department of Housing and 
Urban Planning, MCTPC 

Responsible for formulating the urban water supply strategy, 
preparing the training programme on planning and management, 
drafting regulations and standards. 

Regulator 

Water Supply Authority 
(WASA), MCTPC 

Assists the MCTPC on technical issues including detailed 
elaboration of strategic plan, directing the implementation of the 
water supply sector policy, strategy and development plan. 

Manager 

State Enterprises Water Supply, 
Vientiane Municipality and 
Provincial Nam Papa 

Supplies water to urban locations (greater than 2000 ha and 
density higher than 30 p/ha); implements guidelines for drinking-
water quality (WHO); manages sewerage and drainage. 

Service 
provider 

Department of Electricity (DOE), 
Ministry of Industry and 
Handicrafts (MIH) 

Determines policies, plans, laws and regulations for developing 
and controlling the production and distribution of electricity. 
Reviews and evaluates power project proposals, contracts and 
agreements. 

Regulator / 
Manager 

Électricité du Laos (EDL) State-
owned Corporation, MIH 

Owns and operates main public-sector generation, transmission 
and distribution assets. Undertakes project development and joint 
ventures. 

Service 
provider 

Department of Industry, MIH Determines policies, plans regulations and standards relating to 
industrial wastewater. 

Regulator / 
Manager 

National Institute of Hygiene & 
Epidemiology Rural Water 
Supply (Nam Saat), Ministry of 
Health (MH) 

Formulates rural supply policy and strategy; responsible for 
developing water and sanitation services in non-urban locations. 

Regulator / 
Manager 
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A policy identifying the different management responsibilities of central and district 
authorities has been adopted.  The provincial level is to undertake strategic planning.  The 
district level is to be responsible for planning and budget.  The village level is to implement 
plans. 

A process institutional review has been started to separate the regulatory and standard 
setting, and management functions at the national level in order to improve the efficiency of 
management, development, and social services. 

A policy of public involvement in water-source management and development has been 
implemented.  Examples are: consultation on planning hydropower development projects and 
user involvement in rural water supply and small irrigation schemes. 
Regulations and measures have been adopted to attract private participation and direct foreign 
investment in water resources development.  There are several examples of such direct 
investment in the hydropower sector. 

A draft decree on the water and water resources law is being prepared in order to clarify 
the responsibilities of agencies within the sub-sectors for managing, exploiting, using, and 
developing water and water resources. 
 
c. Institutional arrangements in the water sector 

There are 12 agencies within the water sector and a further ten agencies that have a 
direct interest in the water sector.  These agencies and their responsibilities and roles are set 
out in the table 1, in which the following definitions are used: 

Regulator is a body that develops high-level policy that defines the broad outcomes 
sought by the government for the management and use of natural resources, sets standards or 
performance targets, and audits and reports to the government on the performance of other 
bodies in meeting those standards or targets.  It may also approve lower-level policy and 
management plans developed by the manager. 

Manager is a body that assesses the ongoing status and availability of a natural 
resource, develops and coordinates the implementation of lower-level policies which set out in 
more detail how the resource will be both protected and used, develops and coordinates the 
implementation of plans for the management of specific resources, grants right of use of the 
resource through permits and licences, and sets the conditions for the access and use of that 
right, and monitors, reviews and reports on the use of the resource. 

Service provider is a body that provides local services relevant to water, such as water 
supply, irrigation, information, technical, and scientific expertise or advice on water issues, or 
government funding for users.  Such bodies may construct, operate and maintain works to 
control the supply and delivery of the resource or a service (e.g., drainage) to a number of 
users. It may issue permits or licenses to users but should be licensed by the manager if the 
body has responsibility for significant use of the water and water resources. 
 
2.3.  Policy on water and water resources 
 
 The objective of the Policy on Water and Water Resources is to ensure that 
management, exploitation, use, and development of water and water resources is sustainable, 
equitable and supports the goals of socioeconomic development and environmental protection 
of the Lao People’s Democratic Republic. 
 The policy specifically emphasizes cross-sector issues and future activities in the water 
sector.  The policy does not discuss issues specific to a single water sub-sector, and it is 
recommended that these issues be covered in sub-sector water policies.  However, the policy is 
to be the basis for any policies developed for the water and water resources sub-sectors. 
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The Policy on Water and Water Resources cover seven areas, as follows: 
• Principles of water and water resources management, 
• Water source development and management, 
• Public involvement, 
• Financial resources for water source development and management, 
• Water allocation, quality management and use, 
• Data and information management, and  
• Capacity building and human resources development. 
 

a. Principles for water and water resources management 
Water and water resources management is to be undertaken by sub-sectors in order to 

be consistent with the policy of decentralization and to ensure coordination among the water 
and water resources sub-sectors and provincial authorities. 

Clarify the relationships between processes for water and water resources development 
planning and socioeconomic planning, and the roles and responsibilities of the sub-sectors by 
approving regulations on water and water resource planning processes and methodologies. 

To ensure the sustainability of water sources, coordination arrangements are to be 
identified and established between the water and water resource and land and forest sub-sectors 
of the economy. 

To increase water use efficiency and to ensure environmental sustainability, 
coordination systems are to be established among the water and water resource sub-sectors and 
among the provinces on the management, development, exploitation and use of water. 

Identify the processes and methodologies for updating the Water and Water Resources 
Policy, the National Water and Water Resources Management Plan and other water source 
management plans to ensure compatibility with changing socioeconomic conditions and 
priorities for water use. 

The responsibility for water and water resources in individual river basins must be 
assigned to existing organizations or to newly established organizations, which are to be 
designed to suit the location, size, human and social values, characteristics of the river basin 
and development opportunity.  The river basin organization must ensure that the local authority 
and community are appropriately involved and must report periodically on the status of the 
water and water resources to the Prime Minister’s Office to ensure efficient management of 
water and water resources. 

The decree to implement the water and water resources law must be urgently developed 
and must identify the process, methodologies and the sharing of responsibilities among the 
water sub-sectors and local authorities for implementing that law, including responsibilities for 
developing related regulations that may be required to avoid inefficient and unsustainable 
water resource development. 

Drafting regulations and management of water sources must be included in the annual, 
five-year and long-term plans of the water and water resources sub-sectors and the WRCC. 
Budgets will be allocated for this activity of developing regulations. 
 
b. Water source management and development 

Planning and implementation of water-source development projects of each water and 
water resources sub-sector must coordinate their activities to take into account needs at the 
national and local levels, issues of economic and financial efficiency, social equity and 
environmental impact, and to allow for any international obligations. 

National water-source development and management planning is to be prioritized to 
provide the basis for sub-sector and local water-source development projects.  The national 
plans must include plans for emergencies, floods, and droughts. 
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An integrated river basin management and development plan (IRBP) is to be developed 
for those sub-basins of the Mekong River and of other rivers that are important for 
socioeconomic development plans at the national and local level, or have a high potential for 
water use conflicts.  These IRBP must include groundwater where appropriate. 

Water-source development projects and water-source management plans must be 
coordinated with land and forest management plans.  The public is to be involved in 
developing and implementing these plans. The environment impact of implementing plans is to 
be assessed. 

Community benefit must be taken into account when initiating water-source 
development projects and water-source management plans, through the public involvement 
process. 

Ecosystems of rivers, which have a high potential for hydropower and irrigation 
projects or for conflict over water use, are be analysed to enable development of water quality 
and quantity standards necessary for the protection of the environment. 
 
c. Public involvement 

Public involvement in management, development and protection of water and water 
resources will be promoted.  This involvement will allow for differences in society, culture and 
customs of the ethnic groups. 

Guidelines for the process and methodology of public involvement in planning, 
implementing and management of water-source development projects will be developed. 

The capacity and institutional strength of relevant organizations to implement policies 
for public involvement will be increased and awareness developed to achieve ownership of 
water and water resources management, development and protection. 

Information on the water and water resources status and trends, and the sub-sectors 
activities will be disseminated to the public to achieve effective management and protection of 
water and water resources. 

Water users’ education, which has been initiated in the irrigation, rural water supply, 
and fisheries sub-sectors, will be further developed and appropriately extended to other water 
sub-sectors.  In collaboration with the education sector, media, and mass organizations, a 
programme of public awareness on the protection of the water sources will be initiated. 
 
d. Financial resources for water resource development and management  

Regulations and methodologies will be used as necessary to ensure the economic 
efficiency of water resource development and its environmental sustainability.  Investment in 
the water and water resources sub-sectors will be promoted by giving high priority to 
hydropower, irrigation, and urban and rural water supply.  The efficiency of existing water 
resource development and use will be promoted by involving the beneficiaries in the 
management of the project and by implementing other regulations. 

The selection of water resources development projects must take into account the 
readiness and, except in the case of projects for poverty alleviation, the ability of users to make 
a contribution.  Management responsibility will be transferred to the direct beneficiaries of 
existing water resources development projects, where appropriate. 

When initiating projects using state budgets, the source of funds for operation and 
maintenance, and level of contribution by beneficiaries must clearly identified in order to 
reduce the demand on the state budget. 

Charges for water use should consider the capability of low-income families to pay. 
The structure of these charges should create economic incentives to increase the efficiency of 
water use, generate sufficient revenue for management, operation and maintenance, and allow 
eventual expansion of the supply system. 
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Each sub-sector will encourage direct private and foreign investment to reduce demand 
on limited public funds while using appropriate measures to ensure that the nation benefits. 
 
e. Water allocation, quality management and use 
 This would include: 

 To develop water allocation, and the monitoring and management of water 
quality methods and systems through analysis, research and implementation in 
selected areas and gradually introduce them throughout the country. 

 To promote the management of water use in the sub-sectors by training and 
awareness of the users. 

 To apply license and water use fees, and other measures are to increase 
efficiency of water use. 

 
Water allocation plans for water resources important for national and local 

socioeconomic development plans or with a high potential for cross-sector conflicts over water 
use are to be developed as a priority.  Where water allocation plans are yet to be developed, 
guidelines and measures to share water equitably and minimize the effects of a crisis or 
emergency are to be developed. 

Water allocation plans must take into account domestic uses, cultural and social 
activities, environmental protection and existing water users.  The plans must also link with 
land and forest management plans.  The plans must identify the processes and the 
methodologies to modify and to update water allocation in order to adjust it to changing 
conditions. 

Water quality in various sources must be periodically monitored and waste disposal to 
rivers controlled by appropriate measures.  Public awareness of the need to protect the riverine 
environment must be increased. 

Protected areas are to be defined to ensure water quality and quantity for human 
consumption.  Activities such as construction, manufacturing, and use of land for any purpose 
will be prohibited in these areas. 

Permits must be obtained for disposal of wastewater and any use of water other than 
small-scale use.  Each permit must clearly identify the purpose of the use, or wastewater 
discharge and any conditions applying.  A fee for the permit will be levied and will be based 
on the purpose, size, location of the use and disposal, duration and measures for protecting the 
environment and other water users. 

Work plans of organizations responsible for the management, development, 
exploitation, and use of water and water resources must include activities for promotion of 
effective water and water resources use and their protection. 
 
f. Data and information management 

Coordinate and improve data and information collection methods, analysis, exchange, 
and management to reduce duplication and ensure accuracy and reliability of data and 
information. 

Water-related data collected by government agencies shall be considered as the 
property of the state, and shall be accessible to agencies in the water resources sub-sectors and 
other stakeholders under the terms of agreed regulations. 

Regulations and data use fees will be developed and implemented, taking into 
consideration objectives for widespread data dissemination, cost recovery, sustainability, and 
expansion of the data collection network. 
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Encourage the collection and analysis of data necessary for management and 
development of water and water resources that are important for national and local 
socioeconomic development plans or have a high potential for cross-sector water use conflict. 
 
g. Capacity building and human resources development 

Encourage and promote management and technical staff at all levels to continually 
upgrade their capacity, through various means to be specified in a human resources and 
capacity-building plans, appropriate to the mandates of each organization and the 
responsibilities of each officer.  The plans will also indicate actions to improve working 
procedures, regulations, and guidelines to improve the efficiency in implementing government 
policy. 

The plans will emphasize the urgent necessity to implement laws, decrees, and 
regulations for integrated and sustainable management and development of water resources. 
The plans will include prioritized actions to strengthen institutions at provincial and district 
levels to increase the efficiently implement decentralization policy that specifies a strategic 
role for provincial authorities, a planning and budget role for district authorities, and an 
implementation role for village authorities. 

Water resource development plans or projects should consider the ability of the line 
agencies to implement projects and must include the human resource development and 
capacity building to improve the effectiveness in implementing projects or plans. 
 
 
3.   National Water Vision and Framework for Action 
 
3.1.  Vision statement of the water sector 
 

On the basis of previous studies and in line with the experiences from the World Water 
Vision at the global and regional levels, including those provided by the South-East Asia 
Technical Advisory Committee (SEATAC) of GWP, the following vision statement was 
discussed and adopted at the Consultation Workshop on Programme For Action of the Water 
Sector organized by WRCC on 25 March 2002 in Phonsavanh, Xieng Khouang Province, Lao 
People’s Democratic Republic. 

 
“To Achieve the Coordinated Development and Management of Water 

and Water Resources for the Health, Wealth and Happiness of the People” 
 

On the same occasion, the need to address the priority goals of the socioeconomic 
development of the country was felt, as reflected in the following overall target for the water 
sector: 
 

“To contribute effectively to the national programme of poverty alleviation and the 
socioeconomic development objective of liberating the country from the status of least-

developed country” 
 
 

3.2.  Approach in preparing the programme for action in the water sector 
 
a. Coordination with other line agencies 
 As a coordinating agency without management role in any specific water sub-sector, 
the WRCC works closely with all water-related line agencies in the preparation of the 

 9 



programme for action, and it gathers inputs from other institutions that have interest in the 
management of the water resources through consultation meetings.  The main role of WRCC in 
this regard is to consolidate in a single document the programmes for action of line agencies 
that were formulated independently with no institutionalized mechanism of coordination at the 
time. 
 Basically, the programme for action (PFA) prepared by the WRCC for the consultation 
workshop covers four main aspects of water resources management: (1) development, (2) 
management, (3) regulatory and legislation, and (4) conservation/protection.  
 The PFA for the water sector presented hereunder was based on the results of the 
consultation workshop and should only be considered in the context of the workshop.  View 
and ideas were expressed by participants and do not necessarily represent those of their 
agencies.  
 
b. Choice of targets 

The planning time horizon for short-term targets is 2005.  This date coincides with the 
time frame of national socioeconomic planning.  The proposed short-term targets of each water 
sub-sector PFA are based on the respective five-year plan targets. 

At this stage, there is no documented long-term sector plan beyond the five-year plan. 
Therefore, the targets proposed for the long-term PFA are rather an indication of what the 
participants from each sub-sector consider appropriate based on their own experiences and 
views regarding the sub-sector strategy.  No common timeframe could be decided because 
water sub-sectors have different time horizons for strategic planning.  Therefore, the date for 
long-term target could vary from 2010 to 2020. 

The meeting agreed that sub-sectors targets be rearranged under the following headings 
as deemed appropriate: 

(1)  Target on access to safe water for urban communities; 
(2)  Target on access to safe water for rural communities; 
(3)  Target on irrigated agriculture for increasing food production; 
(4)  Target for the in-land fishery sector; 
(5)  Target on hydropower production; and 
(6) Target on the management of water resources. 

 
Although the set of targets is not comprehensive, it does reflect the main activities in 

the water sector for forthcoming years. 
Participants to the consultation workshop included senior government officials from 

central and provincial water-related agencies.  Most participants had been involved in drafting 
the water sector policy, decrees to implement the Water and Water Resources Law and the 
formulation of the sector vision. 
 
3.3.  Programme for action 
 
a. Access to safe water for urban communities 
 
 (i) Current situation 

 Of the total population of about 5.8 million, the urban population comprises an 
estimated 20 per cent, or some 1.2 million people.  It is estimated that the urban 
water supply coverage is about 54 per cent of the urban population, with 
however high discrepancy among towns. 
 Since 1999, the water supply utilities in each province are performing as service 

providers only.  All activities, related to policy, strategy, and planning on urban 
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water supply development and regulation, have been handed over to a newly 
established Water Supply Authority. 

 
The main targets and PFA of the water supply in urban communities are: 

 (ii) Targets 
1. By 2005, 60 to 62 per cent of the urban population will have access to clean 

water and 80 per cent by 2020. 
2. By 2005, average unaccounted-for water of all urban water supply facilities 

countrywide will be reduced to about 20 per cent. 
3. By 2005, the tariff structure of newly funded projects will take into account the 

loan covenants and affordability by the most disadvantaged consumer groups. 
4. Reinforced implementation of the ongoing decentralisation programme. 

 
 (iii) Short-term programme for action 

1. Establish water supply in the 12 small towns (population of more than 4,000 or 
density of more than 30 p/ha) that have the highest priority in the investment 
programme of the water supply sector. 

2. Extend the water supply system in Vientiane and rehabilitate the water supply 
system in Savannakhet, the second most-populated town of the Lao People’s 
Democratic Republic. 

3. By 2005, WASA will be strengthened so that it can act as executing agency for 
6 to 8 projects per year with an average project cost US$ 1,500,000. 

4. Develop a Lao People’s Democratic Republic urban water tariff policy for a 
high-quality, sustainable and affordable level of service. 

5. Conduct capacity building for provincial water supply utilities, especially 
focusing on technical and financial management operations and corporate 
planning. 

 
(iv) Long-term programme for action 

1. Provide clean water to 90 to 100 small towns, rehabilitate, and extend water 
supply systems in all the 16 remaining provincial capitals. 

2. Strengthen the regulator function of WASA. 
 

b. Access to safe water for rural communities 
 
 (i) Current situation 

1. The responsibility of development and management of rural water supply 
facilities is under the National Centre for Environmental Health and Water 
Supply (commonly referred to in Lao People’s Democratic Republic as Nam 
Sa-at, meaning Clean Water), Department of Hygiene, Ministry of Health; 

2. The strategy of Nam Sa-at focuses on the principle of ownership and 
participation of the beneficiaries, strong organization at the grassroots level and 
benefit evaluation and monitoring; and 

3. About 52 per cent of the population has access to clean water. 
 

(ii) Targets 
Targets for 2005: 
1. Providing clean water supply to 60 per cent of the rural population; 
2. Good service delivery to the new water supply schemes; 
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3. Enhancing the quality of rural water supply schemes for both technical 
performance and sustainability; and 

4. Water quality control and surveillance in place and functioning. 
 

Targets for 2025: 
1. Providing clean water supply to more than 80 per cent of the rural population 

and 
2. Increasing investment by the beneficiaries in rural water supply and in the 

sanitation sector. 
 

 (iii) Short-term programme for action 
1. Implementing the strategy of institutional strengthening at the central, 

provincial, district and village levels; 
2. Developing the skills in planning, budgeting and financial management; 
3. Establishing the management information system; and 
4. Improving coordination and participation of stakeholders in the planning, 

implementation, and management of rural water supply schemes. 
 
 (iv) Long-term programme for action 

1. Setting up and gradually strengthening regional centres (in total 3) for rural 
water supply and sanitation; and 

2. Developing and implementing a programme of devolution of management to 
the regional levels. 

 
c. Target on irrigated agriculture for increasing food production 
 
 (i) Current situation 

1. The irrigation sector is one of the highest priority sectors of the Lao People’s 
Democratic Republic; it accounts for 40-50 per cent of the public investment in 
the agro-forestry sector. 

2. Almost all of the irrigation area is of paddy fields. 
3. Current irrigation schemes cover about 36 per cent of the agricultural land. 
4. The main problems of efficient irrigation are the management of irrigation 

schemes, and fluctuating and low prices of agricultural goods which discourage 
investment in the irrigation sector. 

 
 (ii) Target 

1. By 2005, increase the irrigation area to cover 50 per cent of the agricultural 
land. 

2. By 2020, increase the irrigated area to cover more than 80 per cent of the 
agricultural land in the rainy season and more than 50 per cent in the dry season. 

3. Gradually improve irrigation efficiency. 
 

 (iii) Short-term programme for action 
In order to achieve these targets, the programme for action up to 2005 will be 

focus on: 
1. Expanding water user associations; 
2. Continuing to implement the programme of irrigation management transfer to 

beneficiaries; 
3. Improving and developing small irrigation schemes by the community; 
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4. Conducting capacity building at all levels, especially communication skills in 
grassroots organizations, and management and technical capabilities of water 
user associations; 

5. Improving the efficiency of existing schemes in order to make them more 
attractive to beneficiaries before management transfer; and 

6. Improving the hydro-meteorological network for more reliable planning of 
medium and large schemes. 

 
d. Inland fishery sector 
 
 (i) Current situation 

1. Fish is the main source of animal protein for the Lao People’s Democratic 
Republic population, especially the rural community.  Lao people rely for more 
than 50 per cent of their dietary protein intake on living aquatic resources. 

2. Capture fishery and aquaculture are the second occupation of more than 80 per 
cent of the rural population. 

3. In 2001, fish accounted for 7 to 8 per cent of GDP, with the production of some 
73,000 tons, 60 per cent of which through aquaculture. 

4. Recent studies of the fishery sector indicate that the demand for fingerling in 
2000 is about 500 million while the supply is of about 185 million. 

 
(ii) Targets 

1. Demand for aquatic animal products is expected to increase from 14 
kg/head/year in 2001 to 16 kg/head/year in 2005 and 23 kg/head/year in 2020, 
representing 91,000 tons and 187,000 tons in 2005 and 2020 respectively. 

2. Increasing fish production through aquaculture and enhanced capture fishery 
has limited potential. 

3. Undertake research on and development of the production of some pangasius 
and other ornamental fish for both domestic market and export. 

 
 (iii) Short-term programme for action 

1. Continuing the assessment of Mekong fisheries carried out by the Mekong 
River Commission. 

2. Strengthening fishery information systems. 
3. Promoting aquaculture of indigenous fish species. 
4. Developing reservoir fisheries. 
5. Taking measures to eliminate the use of illegal and destructive fishing gear. 
 

(iv) Long-term programme for action 
1. Supplementing food supplies to urban communities by promoting peri-urban 

semi-intensive aquaculture with attention to aquatic animal health and good 
management practices. 

2. Gradually integrating sustainable aquaculture farming into agricultural mixed 
farming, generating new employment. 

3. Decentralizing fishery management. 
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e. Hydropower sector 
 

(i) Current situation 
1. The Lao People’s Democratic Republic has abundant hydropower potential of 

about 30,000 megawatt, far beyond domestic needs; only about 1.8 per cent of it 
has been developed. 

2. Because of rugged mountainous terrain, the domestic electric grid cannot reach 
remote areas, which must import electricity from neighbouring countries. 

3. Export of hydropower energy is an important source of foreign exchange 
earnings for the Lao People’s Democratic Republic. 

4. The government has encouraged private investment in the sector, particularly in 
large hydropower schemes for energy export. 

 
(ii) Targets 

Short-term targets 
1. Increase the production by 3.7 per cent per year, and electricity supply to over 

40 per cent of the villages. 
2. Implement decentralization of the electricity sector while enhancing the 

regulatory function of the Electricity Department. 
 
Long-term targets 
1. Ninety per cent of the population will have reliable access to electricity. 
2. Countrywide grid to be constructed. 
 

(iii) Short-term programme for action 
1. Develop the small and medium-sized hydropower schemes to supply areas far 

from the current electric grid and areas currently importing electricity. 
2. Extend the electric grid to cover areas with high economic development 

potential and major towns. 
3. Pre-investment studies of major schemes for energy support. 
4. Complete the formulation of and start implementing the decree on the creation 

of funds for the protection of watersheds through contributions from the 
earnings of hydropower projects. 

 
(iv) Long-term programme for action 

1. Develop large schemes for export and domestic consumption of electricity. 
2. Expand energy exchanges with neighbouring countries. 
3. Continue to promote private participation in the hydropower sector. 
4. Strengthen institutional and human resources for the implementation of the 

decree on the creation of funds for watershed protection.  
 
f. Cross sector issues on water management 
 

(i) Recent achievements 
1. Integrated water resources development planning on the Nam Ngum river basin, 

one of the main rivers in the Lao People’s Democratic Republic, with ADB 
technical assistance. 

2. Decree to implement the Water and Water Resources Law. 
3. Policy on Water Sector approved by the State Planning Committee. 
4. The Water Sector Profile, Draft Vision and Strategy have been drafted. 
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(ii) Main targets 
Short-term targets 
1. Widely disseminate the decree and apply it effectively. 
2. Implement integrated water resources management (IWRM) in one of the river 

basins. 
3. Further strengthen the WRCC to participate fully in water-sector activities. 
 
Long-term targets 
1. IWRM actually practised in the most important river basins. 
2. Formulating all fundamental regulations for the implementation of the Water 

and Water Resources Law. 
 

(iii) Short-term programme for action 
1. Coordinating the implementation of IWRM in the Nam Ngum River basin. 
2. Preparing regulations on water management required for the implementation of 

IWRM in the Nam Ngum River basin. 
3. Strengthening the institution of WRCC focusing on the coordination function at 

river basin level. 
4. Undertaking a programme of public awareness on the protection and 

conservation of water resources. 
 

(iv) Long-term programme for action 
1. Expand the practice of IWRM to other river basins. 
2. Further strengthen the WRCC in order to be able to effectively perform its role 

as apex body for coordination and regulation in the water sector. 
 
4.  Identification of priority issues in integrated water resources management 
 
 In order to promote IWRM, a national workshop was held on 17-18 October 2002, in 
Keo Oudom, Vientiane Province.  It was attended by 41 participants from various ministerial 
and provincial agencies and mass media organizations.  It sought to identify issues and 
perspectives in the management of water resources of various sectors in the country, and was 
expected to come up with priority recommendations on IWRM.  On the basis of previous 
studies, it was decided to focus the discussion on the four following key areas:  

 Policy and legislation, 
 Management, 
 Training and capacity building on IWRM, and  
 Public awareness issues. 

 
 The following issues were recommended as priority activities to be addressed for 
successful implementation of IWRM in the country. 
 
4.1.  Policy and legislation issues 
 

The Draft Water Sector Policy Framework should be updated to include:  
(1) Protection of water and control of water pollution; 
(2) Impact of physical infrastructures on natural water channels; 
(3) International cooperation on the management and use of international rivers; 
(4) Protection against harmful effects and natural calamities caused by water; and 
(5) Legal measures and incentives to protect water and water resources.  
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The updated draft policy framework should be discussed in detail with all parties 
concerned, submitted to the higher instance for approval and used as the basis for a detailed 
water policy. 
 As regards the water sub-sectors, priority should be given to: 

(1) Policy on decentralization specifically for the water sector that should set clearly 
the role, function and working procedures of central and provincial line agencies; 

(2) Policy on meteorological-hydrological data collection, management and sharing; 
(3) Setting up a coordination mechanism between the WRCC and the Lao National 

Mekong Committee; 
(4) Policy of the fishery sub-sector; 
(5) Reviewing the prevailing policy on water users in the irrigation sub-sector; 
(6) Preparing the regulation of the water supply sub-sector; 
(7) Defining water standards for use in different water sub-sectors; and 
(8) Defining the policy for managing and protecting groundwater resources. 

 
 All participants recognized that the enforcement of the Water and Water Resources 
Law and related regulations was still very weak and in urgent need of improvement, starting 
with the broad dissemination of information and the preparation of an education and public 
awareness programme.  Most participants identified the lack of a strong and effective 
regulatory institution in most if not all water sub-sectors as one of the main issues. 
 Most competition or conflicts over water use are settled by local authorities.  There is 
no institutionalized mechanism for solving water use competition and conflict. Several 
examples were given by participants.  Project planning has been carried out in isolation, which 
sometimes led to water use conflict not only between different uses but also between users of 
the same sub-sectors.  These two issues should be addressed soonest, as serious conflicts over 
water uses especially in the dry season may occur in the future.  
 
4.2. Management issues 
 
 As regards data collection, sharing and management, most participants pointed out that 
the problem was not only the lack of data but also the lack of management of existing data. 
Sometimes data is kept with individuals and not with the organization and access to data 
depends on good connection or relation.  Sometimes data is given free of charge, with no share 
in the cost of data collection, processing and storing.  This issue needs to be discussed, and a 
clear policy on data management formulated. 
 The workshop expressed support for the Draft Public Awareness Programme prepared 
by the WRCC Secretariat in consultation with the concerned line agencies and focusing on the 
review and investigation of customs, beliefs, and practices of various ethnic groups concerning 
the use and conservation of water and water resources.  The findings of this study would serve 
as background information for preparing the awareness programme for each specific ethnic 
group. Dissemination of prevailing law, decree and regulations of the water sector to a broad 
public using different media was also recommended, as well as the preparation of an exhibition 
and other public activities during major festivals and public celebrations. 
 
4.3.  Issues related training and capacity building and public awareness on IWRM 
 
 The answers of the participants on questions related to training and capacity building 
on IWRM are summarized in table 2.  From the table, it can be seen that the four groups have 
given highest priority to the training and capacity building in the field of policy and 
regulations.  This opinion reflects the present situation of the water sector. It is clear that the 

 16 



water sector in the country still lacks policies and regulations on cross-sector as well as sub-
sector matters.  The workshop considered training on public participation, gender issue and 
preservation of the environment as important. 
 

Table 2.  Survey on training and capacity building on IWRM 
 
No. Field of training Important 

and urgent 
Important 

but not 
urgent 

Urgent but 
less 

important 
1 Preparing/updating policies and 

strategies related to the water sub-sectors 
4 0 0 

2 Issuing and implementing regulations for 
the management of the water resources 

3 1 0 

3 Raising public awareness 2 2 0 
4 Promoting public participation 1 3 0 
5 Dealing with gender issues 1 3 0 
6 Implementing the policy of 

decentralization 
2 2 0 

7 Demand management 2 2 0 
8 Economic-financial evaluation of 

projects 
0 1 3 

9 Cost recovery 1 1 2 
10 Preservation of the environment 1 3 0 
11 Shifting from the role of service provider 

to that of regulator and manager 
2 2 0 

12 Water resource management (hydro-
meteo.) 

1 2 1 

Note: figures in the table refer to the number of groups 
  
 
5.  Formulation of Water Vision to Action 
 
 On the basis of the experiences in the establishment of the framework for action in 
association with the South-East Asia Advisory Committee (SEATAC) of the Global Water 
Partnership (GWP) as well as the findings of the first phase of the FAO-ESCAP Regional 
Cooperation Project, the following four themes were identified as priority activities required 
for the realization of the Lao National Water Vision as part of the national socio-economic 
development process.   

- Water for people: poverty reduction and rural development; 
- Water for nature and economic development; 
- Pilot river basin management; and 
- Framework to turn national water vision into reality. 

 
The above four themes were adopted for four working groups for the roundtable 

workshop on the formulation of national water vision to action, jointly organized by WRCCS 
in cooperation with ESCAP and FAO in Vientiane on 18-19 December 2002.  The main 
findings of the working groups are summarized below. 
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5.1.  Water for people: poverty reduction and rural development 
 
 Under this theme, three priority objectives were selected among several objectives of 
water resources development for rural development and poverty reduction as follows: 

 Water resources development (WRD) for agriculture and rural development 
(plantation, livestock and fisheries, etc); 

 WRD to meet the basic needs, especially water supply for drinking and domestic 
uses; and 

 WRD for quality of life, including electrification: development of micro and small 
hydropower projects 

 
In order to create conducive environment to achieve the above objectives at the national 

level, the working group suggested the following approach: 
 Identification of development areas and focus areas (who, what and where, how) to 

create success cases for subsequent replication; 
 Participation of all stakeholders in all stages of development including construction 

and operation and maintenance; 
 Organization of water user associations and aquaculture groups; and 
 Promotion of conservation and management. 

 
The working group also identified the following most common issues faced in 

achieving the three above priority objectives: 
 Usually, the water sources or suitable sites are far from settlement areas; 
 Construction cost is usually high; 
 For water supply, water is usually of poor quality and often polluted and often rural 

areas are lack of testing equipment; 
 Lack of financial resources; and 
 Lack of technical capacity for operation and maintenance. 

 
The working group identified the following agencies to be the key actors for the 

respective three priority objectives: (1) Ministry of Agriculture and Forestry (MAF), (2) 
Ministry of Public Health, and (3) Ministry of Industry and Handicraft.  They also 
recommended the following priority action to be taken for the three priority objectives: 

 Clearer strategies for all ministries concerned for short, medium and long terms; 
 Detailed planning and project investigations (for which human resources, funds, 

equipment, infrastructure facilities and time are required); and 
 Detailed planning with participation of people would lead to (a) feasibility study, 

(b) survey and design, (c) construction, and (d) operations and maintenance. 
 

In order to help monitor progress in the implementation of priority activities, the 
working group identified key indicators and proposed targets, based on previous studies as 
follows: 

For agricultural development, indicators will be based on expected increase in income 
of the targeted areas.  For the pilot area in the northern part of the country, GDP per capita is 
proposed to increase from the current level of US$ 240 to US$ 500/yr in 2010.  For this 
purpose, it is expected that MAF, provincial authorities and the Ministry of Trade would play 
the key roles. 

Detailed activities to be carried out within the time frame up to 2010 would include the 
following: 

 Rehabilitation of existing irrigation schemes to improve efficiency; 
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 Expansion of irrigated area in appropriate locations; 
 Carry out diversified agriculture; 
 Improve agriculture extension work; and 
 Promote plantation, livestock and fisheries. 

 
For the supply of drinking and domestic water, it was proposed that the number of 

people with access to water would increase from the current level of 52per cent to 60 per cent 
2005 and 80per cent in 2020.  In this connection, the Ministry of Public Health and the Clean 
Water Authority would need to undertake the following priority activities: 

 Planning and data collection; 
 Assessment of needs; 
 Design and construction; and 
 Transfer management to local authorities. 

 
With the development of small hydropower potentials, it was expected that 20 per cent 

of the households in the North would be provided with electricity from hydropower by 2010.  
It was proposed that the key agencies: the Ministry of Handicraft and Industry, WRCC and 
STEA would undertake the following priority activities: 

 Planning and data collection; 
 Water demand assessment; 
 Design and construction; and 
 Transfer management to local authorities. 

 
The working group also identified major existing programmes, which may have either 

complementary roles in ensuring achieving the three above-mentioned objectives as follows: 
 Water for agriculture and rural development, it was considered that the rural 

development committees and various departments of MAF might not have 
functioned according to their mandates.  Furthermore, problems were also resulted 
from the lack of coordination and counterpart contribution; 

 For water supply for the basic needs, the Ministry of Public Health (Coordinating 
Committee for Clean Water) and Rural Development Committees are responsible 
for the major existing programmes on water supply. Improvement in 
communications was recommended; and 

 With respect to small hydropower development, the Ministry of Industry and 
Handicraft is currently responsible, but it was considered that the lack of 
coordination with the Rural Development Committees might have hampered 
progress in the development of these resources for the welfare of the people. 

 
In promoting coordination for agriculture and rural development, the working group 

recommended the following key functions be played by WRCC: 
 Coordinate with all above agencies to achieve the set objectives; 
 Seek assistance from domestic and international resources (FAO, ESCAP); and 
 Centre for water resources data and information to provide to all subsectors 

concerned. 
 

In connection with these coordinating functions, the following priority activities be 
undertaken by WRCC: 

 To organize another meeting to present the findings of the Workshop; 
 To draft proposal for assistance; 
 To establish a team to deal with data collection; and 
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 Promote and disseminate water resources regulations widely and at the grass-roots 
level. 

 
5.2.  Water for nature and economic development 
 

Considering different opportunities, the rich resources and the strategic geographical 
location of the country as reflected in the background materials and lectures by the resource 
persons, the working group recommended the following priority objectives for economic 
development and nature conservation: 

 Hydropower development for export; 
 Eco-tourism development; and 
 Water-borne transport development. 

 
In view of the limitation in financial and human resources faced by the country, it was 

recommended that strategies towards achieving the above three priority objectives would 
involve the establishment of a conducive environment and mobilization of financial resources 
for the development of tourism, water-borne transport and conservation of water resources. 
 Apart from the lack of financial resources, major issues faced in the development 
process for the three priority objectives were identified as follows:   

 Water quantity available for development, especially during the dry season; 
 Technical aspects in developing potentials for tourism; and 
 Requirements in improvement of waterways for navigation, especially during the 

low flow period. 
 

The working group identified the following agencies as the key actors in the 
implementation of the above strategies: Ministry of Industry and Handicraft, the Lao Tourism 
Authority, Ministry of Communication, Transport, Post and Construction, Ministry of 
Agriculture and Forestry, and Committee for Planning and Cooperation. 
 The following priority courses of actions were recommended for the establishment of 
conducive environment for the development of these areas: law and feasibility studies, water 
resources conservation activities, investigation of potential tourism sites, survey and inventory 
of islands and rapids, and mobilization of funds. 

In order to help monitoring progress towards achieving the above priority objectives, 
the following indicators and targets were suggested: on hydropower development: increased 
income from electricity export with a total export capacity of 1,500 megawatt by 2010 and 
increased annual investment for hydropower development by 12 per cent; on tourism 
development: the number of tourists would increase by 20 per cent in 2005 and annual 
expansion in tourism infrastructure by 8 per cent by 2005; and on water-borne transport: 
increased income from water-borne transport annually by 10 per cent up to 2010 and annual 
expansion of trade and increased frequency of boat trip and volume by 10 per cent up to in 
2010.  In this connection, it was recommended to set up a mechanism with tools and capacity 
for monitoring and reporting of progress, especially with respect to the mobilization of 
financial resources to complement the limited budgetary resources of the Government and the 
process of capacity building and technology transfer. 

The following priority activities were identified for hydropower development: 
promotion and management of foreign investment, undertaking feasibility studies and 
strengthening national capacity in fund mobilization; for tourism development: undertaking 
feasibility study of tourism development for selected are, promotion and publicity and financial 
mobilization; and for transport development: survey and data collection, feasibility study, and 
fund mobilization. 
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In reviewing the current conditions, it was pointed out several lessons in the existing 
mechanisms of coordination for development, particularly with respect to the availability of 
sufficient water to meet all the purposes, such as the Nam Kor in Udomxay Province, which 
had been caused by the poor planning and coordination, especially for irrigation and water 
supply.  Nevertheless, it was found that several existing coordinating mechanisms could 
coordinate with agencies concerned, have a unit to provide training on tourism services or a 
committee for improvement in navigation. However, these mechanisms would need 
strengthened to overcome problems caused by the lack of regulations on water utilization, 
especially detailed regulations for sub-sectors and the lack of sufficient technical capacity. 

The supporting roles of WRCC were recognized in the following priority functions: 
basin planning, establishment of regulations for river basin management, and establishment of 
river basin organizations.  In this connection, it was recommended that WRCC carry out the 
following priority activities: establishing models for river basin management, promoting 
capacity building and assisting in fund raising. 
 
5.3.  Pilot river basin management 
 

At the beginning of the working group, the primary concern in the management of river 
basins was to ensure sustainable development of their natural resources.  Interaction with the 
other working groups revealed also the needs for poverty eradication and economic 
development.  The working group therefore recommended the following priority objectives for 
river basin management: 

1. To ensure sustainability of river basin management; 
2. To harmonize the relationship between humankind and nature; and 
3. To develop optimally the river basin’s resources. 

 
Giving the rich potentials for water resources development in many parts of the 

country, particularly the northern, central and southern regions, there are several candidate 
river basins to be selected for the pilot study.  Among these river basins, the Nam Ngum River 
Basin was adopted for the basis of discussion and the priority strategies recommended under 
this theme would include the following: 

1. To improve enforcement of existing laws and regulations (Water Law, 
Environmental laws, etc.); 

2. To establish a River Basin Coordination and Management Committee; and 
3. To mobilize financial support from Government and donors. 

 
Among the top priority issues in water resources management, it was pointed out the 

following issues should be accorded priority so as to ensure effective introduction of integrated 
water resources management: 

 Effective mechanism for water use coordination; 
 Mechanism to develop river basin regulations; 
 Development of basin’s regulations; 
 Participatory environmental management; 
 Enhancement of public awareness; and 
 Development of alternatives for income generations. 

 
 In this connection, the working group identified the three key agencies, which would 
play central roles in successful river basin management: the Water Resources Coordination 
Committee (WRCC), and the Science, Technology and Environment Agency (STEA), and 
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Ministry of Agriculture and Forestry (MAF). The following priority actions were 
recommended to be undertaken by these agencies: 

WRCC: (a) Establish coordination committee and (b) Draft river basin regulations. 
STEA: (a) Draft environment protection regulations and (b) Create participatory 
mechanism. 
MAF: (a) provide agriculture extension (technology, credit and training) and (b) 
promote public awareness through media and produce materials, journal, kits, etc. 

 
In order to monitor the improvement in effectiveness of water resources utilization for 

the three priority objectives in the pilot river basin (Nam Ngum), the working group 
recommended the following indicators and targets: 

(1) Increase in water quantity for use during the dry season: 10 per cent by 10 years; 
(2) Reduction in the number of conflicts in the use of river basin’s water resources: 70 

per cent in five years; and 
(3) Increase in income: 10 per cent per annum in five-year period. 

 
In the above context, independent mechanisms for monitoring would be required and 

the following agencies were recommended.  The Department of Meteorology and Hydrology 
(DMH) was recommended to be responsible for monitoring of the flow conditions and to 
report to responsible agencies and the Government. A River Basin Coordination and 
Management Committee (RBCMC) was recommended to be established so as to monitor 
progress in reducing the number of conflicts in water utilization and in improvement of the 
socio-economic conditions of the people in the river basin and to report to provinces and 
Government. The working group recommended the following priority activities to be 
undertaken by the key actors in this theme: detailed studies (including discussion and data 
collection), detailed and coordinated planning (participatory approach) and implementation 
(including resources mobilization). 

The working group reviewed existing programmes related to integrated water resources 
management, especially those related to sub-sectors such as Water Resources Development 
Programmes on Hydropower, Irrigation, and Water Supply under the national programmes as 
well as those initiated by the Mekong River Commission programmes.  The working group 
therefore recommended possible improvement measures for coordination such as clear related 
government policies, laws, regulations and decrees and creation of effective RBOs.  In this 
connection, it was recognized the important roles of WRCC in coordination with Ministries 
concerned and the Lao National Mekong Committee (LNMC) to develop policy, laws, 
regulations including establishment of RBOs.  The working group recommended the following 
priority activities of WRCC to support progress in river basin management at the national 
level: capacity strengthening, plans of action, financial resources mobilization. 
 
5.4.  Framework to turn national water vision into reality 
 

The working group focused its discussion not only on the detailed activities of turning 
national water vision into reality, but also and mainly on the framework to create conditions for 
all key stakeholders of the water resources sector to play their due roles in realization of the 
national water vision.  For this purpose, the working group recommended the following three 
priority objectives: 

 Sustainable development; 
 Clearer water resources policy; and 
 Mobilization and effective utilization of resources 
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It was interesting to note from the detailed discussion of the working group that all 
participants from the line agencies expected the WRCC Secretariat to play the key and 
principal role in the realization of national water vision.  The participants also recognized the 
importance of such a principal role in the implementation of fundamental and cross-cutting 
activities, such as training and capacity building, enhancement of public awareness and public 
participation.  These fundamental activities are necessary in view of the following priority 
issues identified by the working group: 

 Protection of water resources and efficient use of water; 
 Establishment of regulations, effective enforcement, and participation of 

stakeholders; and 
 Establishment of funds for water resources development and promotion of 

international cooperation. 
 

In order to help monitor the implementation of coordinated activities towards achieving 
priority objectives, the working group identified the following indicators and targets:  

(1) On sustainable development, it was considered necessary to develop indicators to 
reflect the overall quality of watersheds in the long run.  In the short-term, the 
working group recognized that the water quality should be a priority indicator for 
monitoring to ensure the current good conditions to be maintained. 

(2) With respect to the need to have a clear water resources policy, it was 
recommended to monitor the number of conflicts in water utilization or violations 
against the law and to reduce the number of conflicts or violations by half in five 
years. 

(3) Concerning mobilization and utilization of resources, the working group proposed 
to inventory the current allocation and investment in water resources sector and 
recommended to prepare a strategy to increase annual financial resources and to 
improve allocation among the sub-sectors to ensure effective support to the national 
socio-economic development process and sustainable development. It was 
recommended that resource mobilization be doubled in five years. 

 
For proper monitoring and reporting, the working group suggested the use of the 

existing mechanisms as follows: 
(1) STEA and WRCC to monitor and report the water quality and WRCC to develop 

indicator for the watershed quality; 
(2) WRCC to monitor and set programme for reduction on the number of violations 

against the law or conflicts in water utilization; and 
(3) Either WRCC or new mechanism to monitor financial resources allocation and 

utilization for the water sector. 
 

In support of the above programme, the working group recommended the following 
priority activities to be undertaken by WRCC: 

(1) WRCC to implement the plan of monitoring of changes in water resources, 
including the new indicators of watershed quality and report the results to the 
Government; 

(2) WRCC to compile the number of conflicts and violation and make report and 
suggest for improvement; and 

(3) WRCC to compile the resources allocation to water sectors and to consult all sub-
sectors to prepare the strategy or plan to increase resource mobilization and 
utilization. 
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Among the priority activities, it was recommended that attention be paid to help 
increase financial resources with the contribution from Government, donors and all people and 
to help adequate allocation to all sub-sectors. 

In reviewing existing key programmes related to the above-mentioned priority 
objectives under this theme, the working group identified the following obstacles in the 
implementation of the programmes: 

(1) Sustainable development: Lack of good coordination among sub-sectors concerned, 
including between WRCC, STEA, MAF and Ministry of Public Health; Lack of 
sufficient number of capable technical staff; and Administration system is not 
strong enough; 

(2) Clear water policy: water utilization regulations are not clear and not complete; and 
responsibility sharing in monitoring of sub-sector is not clear; and 

(3) Fund raising and utilization: not sufficient budgetary resources; and contribution 
from water users is not adequate. 

 
The working group discussed intensively the role WRCC in the creation of an effective 

framework for the realization of the national water vision and recommended the following: 
(1) To assist in promoting the action plan; 
(2) To be a neutral coordinator among sub-sectors; 
(3) To be a neutral coordinator for cooperation with international agencies, including 

fund raising; and 
(4) To assist in the coordination for allocation of budgetary resources to satisfy the real 

needs. 
 

Similarly, the working group also identified priority activities of WRCC and water sub-
sectors as follows: 

(1) To establish a system for monitoring and assessment of water resources 
development; 

(2) To establish strong regulations for water utilization; and 
(3) To establish a system for monitoring and data collection and exchange. 

 
In this connection, the working group also recommended the following activities to be 

undertaken by all water-related agencies and stakeholders: 
(1) Human resources development in water sector should be improved and 

strengthened; 
(2) Improve coordination and corresponding implementation procedures; 
(3) Promote public participation in planning and implementation; 
(4) Enhance public awareness on impacts of water utilization; and 
(5) Increase cooperation with international organizations for more technical and 

financial assistance. 
 
 
6.  Concluding remarks 
 

During the past three years, important progress in the improvement of water resources 
management in the Lao People's Democratic Republic has been made, especially following the 
establishment of the Water Resources Coordination Committee. The most important 
achievements were related to the coordination of activities and the increase of interest and 
attention by the Government and donor community in the management of water resources.  
Among these achievements was the development of the national water vision and the related 
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change in perception of key water resources stakeholders on the need of better coordination.  
These changes enabled the roundtable workshop on turning national water vision into action to 
introduce a more-centralized approach of coordination in the realization of the national water 
vision.  As can be seen from the discussion of the four working groups on Section 5, all 
participants were open-minded to recognizing the importance of the coordinating role of 
WRCC in the promotion of integrated water resources management at the national and river 
basin levels.  This change in the perception made it possible to introduce a two-pronged 
approach in the realization of the national water vision:  

 
(1) Overall approach: WRCC to undertake the programmes related to the 

framework of turning national water vision into reality and the implementation 
of the pilot river basin management. 

(2) Sectoral approach: Related sub-sectoral agencies to undertake priority activities 
related to the programmes on poverty mitigation and rural development, and 
economic development and nature conservation. 
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Abstract 
 

Environmental contamination affecting human health induced by mining and related 
activities have been observed at several places in Thailand.  The most serious cases are mainly 
related to heavy metal contamination in waters and soils.  Arsenic poisoning as a result of 
long-term consumption of contaminated shallow well water was first recognized at Nakhon Si 
Thammarat Province, southern Thailand, in 1987 where chronic arsenic skin lesions were 
observed in 1,049 patients aged from 4 months to 85 years.  Physical and chemical breakdown 
of arsenopyrite (FeAsS), an associated mineral of tin deposits, was suspected as the major 
cause.  Arsenic concentration in water and soil was found to exceed the acceptable standard 
and guidelines by a factor of up to 100.  A switch in mining methods from dredging to open 
pitting was interpreted as being the cause of the accelerated dispersion of the mineral.  Owing 
to several environmental and health mitigation measures, arsenic contamination and public 
health impacts at this vicinity have been gradually alleviated. 

Lead contamination in running water and stream sediments around mining and ore 
dressing sites in the Kanchanaburi Province, western region, was first observed in 1992. 
Primary and secondary lead ore have been mined in the area both underground and in open 
pit for more than half a century.  The environmental conditions deteriorated seriously when a 
tailings pond collapsed due to unusually heavy rain in 1998.  A large volume of tailings 
containing an average of 2 – 3 per cent lead was flushed into the drainage system and as a 
result the concentration of total lead in water and bottom sediment increased significantly. 
This had a severe impact on the people living downstream.  Measured average lead content in 
blood of children younger than 6 years old was as high as 26.45 µg/dl.  The situation improved 
after the flotation license was revoked and a clean up program was undertaken at the polluted 
stream and near the concentrator. 

In another case of heavy metal contamination attributed to the mining industry, high 
concentrations of lead in water, sediment and soil in the vicinity of abandoned tin mines was 
reported from Yala Province in the South of Thailand in 1993.  In 1994 edible marine 
macrophytes in the bay downstream were found to have elevated lead contents of 4.74-26.78 
mg/kg.  

A survey conducted during 1998–2002, however, concluded that there are limits to the 
lead contamination from the mined out area. Partly this was considered to be due to the 
alkalinity introduced by the surrounding limestone formations.  

Lead concentration in running water became lower downstream from the mines but 
increased again near the bay.  The latter was probably influenced by boat repair activities in 
which lead based paints were used.  Blood test surveys in 1995 discovered 96 per cent and 98 
per cent of examined children from two primary schools in the proximity of the mines and the 
bay had levels of ≥ 10 µg/dl of lead in their blood.  Recent follow up data, however, revealed 
lowering trends in these concentrations. 

 
σ Senior Environmental Specialist, Department of Primary Industries and Mines, Ministry of Industry 
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In addition to the above, there are several other cases waiting to be addressed.  These 
and similar harmful experiences have given rise to public concern as to whether mining can be 
compatible with sustainable development.  People and economies need minerals and metals for 
survival and therefore mineral development must continue, but the crucial issue is how good 
environmental management can be assured.  

National regulations and regional and global agreements are formulated and enacted 
to achieve environmentally friendly economic development.  Close cooperation and 
collaboration among countries, agencies and all stakeholders is also needed to accomplish the 
common ultimate goal of sustainable development. 
 
Introduction 
 

In accordance with the national legislation and policy, the Royal Thai Government has 
an obligation to notify her citizens annually on the state of the environment, including the 
natural resources utilization and conservation as well as the environmental quality.  Although 
the overall national environmental aspects during these recent years revealed continued natural 
resources degradation, the quality of the environment as a whole had shown an improving 
trend.  Ambient air quality monitoring data suggest cleaner outdoor conditions with less toxic 
gas and total particulate matter.  The quality of surface water obtained from 47 main rivers and 
4 large reservoirs showed signs of recovery.  As regards soil and groundwater quality, there is 
a lack of data due to the absence of regular investigation and monitoring.  Increasing land use 
for industrial and community settlements causes constraints to the environment.  This is borne 
out by the rising number of patients suffering from pollution.  

Health effects in local communities adjacent to mining areas have been disclosed 
periodically.  The environmental and public health impacts from mining activities are 
relatively severe in terms of coverage and numbers of affected people.  These characteristics 
are clearly related to the enormous areas of disturbed land, bulk waste, long-term operation, 
and subsequent natural degradation. 

This paper emphasizes the environmental and public health impacts resulting from 
mining and mineral processing.  Arsenic contamination in waters and soils as a result of tin 
mining and concentrating at Ron Phibun District, Nakhon Si Thammarat Province, is 
highlighted as one of the most harmful instances of the last two decades.  Lead dispersion from 
mines and tailing ponds at Kanchanaburi and in Yala Province are other severe incidents 
requiring continued remedial operations to clean up and rehabilitate. 
 
 
Arsenic Contamination in the Vicinity of Tin Mining and Processing 
 
Contaminant Sources and Mechanism Appraisal 
 

Health problems attributed to arsenic contamination in water supplies in Thailand were 
first highlighted in 1987, following the diagnosis of a case of arsenical skin cancer at Ron 
Phibun District, Nakhon Si Thammarat Province.  Mining has been an economic activity in the 
area for longer than a century and it was concluded that mining was the cause of the 
contamination.  Arsenopyrite concentrations of around 1 per cent are associated with economic 
mineral concentrations of the tin and tungsten minerals cassiterite and wolframite that occur in 
pegmatite and quartz veins throughout the granite mountain range.  It was concluded that this 
was the contaminant.  

Placer deposits had been initially mined by dredging a century ago.  During this period, 
minor arsenic release and contamination was believed to have taken place due to slight 
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variation in groundwater levels.  In other words, no intensive oxidation had occurred along 
with dredging operation.  However, when in the second half of the century the mining 
technique was changed to open pit mining of primary ore, exposure of the mineralized layers to 
the atmosphere stimulated the oxidization processes.  Arsenic, contained in disseminated 
arsenopyrite in soil was liberated as arsenic and arsenous acid into the environment as follows: 

 
4 FeAsS + 13 O2 + 6 H2O                  4 FeSO4 + 4 H3AsO4 
 

When a number of the open pit mines were gradually abolished due to the collapse of 
world tin market in 1985, the groundwater table recovered and the mobile arsenic compounds 
were dissolved.  This same process on a smaller scale took place around smaller mining 
operations that exploited veins in mountainous terrain through adits or tunnels.  

 
Environmental Investigation and Monitoring 
 

Arsenic concentration in water and soil initially exceeded the national standard and 
guideline of 0.01 mg/l for water and 50 mg/kg for soil by up to a factor of 100.  Surface water 
acidity covered a wide range of pH values from 2.9 to 8.1, with the pH value increasing as 
towards the lowlands.  Arsenic concentrations in acidic waters close to the mining operations 
were lower than those in neutral waters nearby open pit operations.  

This indicated that arsenic dissolution and mobility is independent from existing pH. 
Monitoring data from 1992-1997 indicate that arsenic concentrations in running water around 
mountainous areas average 0.5 mg/l whereas those at the downhill alluvial plain measured higher 
than 1 mg/l.  However, longer-term systematic investigation of four major affected streams 
revealed a continually decreasing concentration of arsenic in surface water.  

Shallow groundwater from dug wells also showed decreasing trends in arsenic 
contamination.  Shallow well water, in 1990, had a relatively high concentration of 9 mg/l. 
Nevertheless, the highest value declined to 5.11 mg/l in 1994, to 2.04 mg/l in 1999, and to 0.60 
mg/l and 0.10 mg/l in 2000 and 2001, respectively.  

It is significant that the wells where the highest concentrations of arsenic were found 
during annual surveys were not always the same, although those wells were normally situated 
in the same vicinity.  This illustrates the complexity of the mechanism of dispersion and 
precipitation of arsenic and arsenic compounds.  Arsenic in surface and shallow groundwater 
showed a dominance of arsenate. 

Deep groundwater is normally clean since it is geologically confined to carbonate 
aquifers and separated from polluted shallow groundwater in unconsolidated sediments. 
However, a few deep wells were contaminated with arsenic probably through seepages in 
fractured limestone.  In these deep groundwater wells arsenite is dominant. Deep well water 
sources are likely to pose a hidden risk and they need regular monitoring. 

Distribution patterns of arsenic in soil and stream sediment were corresponding quite 
closely with those in shallow groundwater.  High arsenic contamination in all media was found 
concentrated in 2 villages of Ron Phibun Sub-district covering a small area of 7-10 km2. 

Arsenic contamination through inhalation is considered minimal.  An investigation of 
ambient dust was conducted using high-volume samplers and falling-dust jars.  The amount of 
total particulate matter as well as its arsenic content was found to be very low. 

 
Public Health Effects 
 

The Public Health Office at Ron Phibun District in April 1988 revealed that there were 
1,049 patients suffering from skin disorders diagnosed as hyperpigmentation, keratosis and 
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skin cancer.  Their ages varied from 4 months to 85 years and their number was equivalent to 
6.56 per cent of total population by that time.  Most patients, over 75 per cent, were diagnosed 
with pigment changes showing spotty dermal melanosis and pinheaded dermal papules on 
palm and sole.  These manifestations and symptoms were related to chronic arsenic poisoning.  

The patients had been exposed to arsenic toxicity through drinking arsenic 
contaminated shallow groundwater from dug wells for a long period of time.  

The 1992 clinical survey reported that 89 per cent of 2,400 pupils had high arsenic 
levels in their blood and 22 per cent showed skin effects.  

In 1995, a Japanese medical examination found no new patients, but most registered 
patients still showed symptoms.  Studies also addressed the correlation between patient’s 
lodgings and areas of high arsenic contamination in shallow groundwater.  According to a 
health study published by Shoko Oshikava in 1998, only 334 from 818 patients recorded 
during 1987 were traced and diagnosed for the developments and changes in the manifestation 
of the disease.  Of these, 12 people died from cancer during 1987-1997.  Only 16 people 
showed worse arsenical skin lesions whereas 98 people showed improvements in their 
condition and the remainder of 208 continued unchanged.  

A recent clinical survey of the Ministry of Public Health disclosed a declining 
prevalence of arsenic manifestation from 26.3 per cent in 1994 to 24.4 per cent in 2000.  
Health impacts from arsenic contamination at Ron Phibun District have recently shown 
decreases.  This indicates the effectiveness and success of protection and mitigation measures 
having been implemented in the area. 

 
Environmental Alleviation Measures 
 

Mitigation measures to alleviate arsenic contamination and eliminate public health risk 
at Ron Phibun District have been implemented by several relevant organizations including the 
Ministry of Interior, the Ministry of Public Health, the Ministry of Natural Resources and 
Environment, the Ministry of Industry, and certain universities. 

Significant mitigation measures are listed as follows: 
• Providing large jars and containers for rain water collection 
• Providing clean water from uncontaminated deep wells 
• Educating indigenous people to be conscious of arsenic exposure, toxicity, and 

prevention 
• Ordering miners and concentrators to implement environmental protection and 

reclamation to mitigate and remedy arsenic contamination 
• Issuing a Ministerial Notification to prohibit mining and concentrating activities in 

the polluted area 
• Collecting arsenic-rich residues from hilly areas and ore dressing plants to bury in a 

secure landfill 
• Carrying out regular systematic environmental and public health monitoring 
• Conducting and collaborating in research. 

 
Large jars and containers for rainwater collection were given to every house located in 

the polluted area.  More than 80 deep wells were also drilled in Ron Phibun Sub-district.  Hand 
pumps as well as electric pumps have been installed.  Some wells were developed for piped 
water supply systems. Departmental orders were issued for environmental protection and 
improvements such as confining arsenic-rich waste in concrete lined waste dumps, recycling 
wastewater, treating effluents before discharge.  A Ministerial Notification to prohibit mining 
activities in Ron Phibun Sub-district was issued in 1994.  Licenses for new concessions as well 
as for extension of mining, panning and ore dressing permits cannot be granted.  Arsenic-rich 
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residues collected from abandoned mining and concentrating sites were buried in secure 
landfill lined with 2 layers of HDPE, 1.5 mm thick.  A drain pipeline system for leakage 
monitoring and observation was constructed to ensure the efficiency and safety of the landfill.  
 
 
 Lead Contamination in the Vicinity of Lead Mining and in Areas with Potential for Lead 
Mineralization 
 
Contaminant Sources and Mechanism Appraisal 
 

Lead contamination in streams and bottom sediments around mining and concentrating 
areas at Kanchanaburi Province, western region, was initially addressed in 1992.  The area 
experienced historical mining and mineral processing for several hundreds of years as 
evidenced by antique mining equipment found in the area and large concentrations of high-
grade lead slag.  

For the last 50 years, the area has been mined for lead and associated metals.  The 
primary sulfide minerals found in the area include galena, sphalerite, pyrite, and barite, all part 
of a strata-bound sequence of mineralization.  Secondary minerals include cerussite and 
smithsonite, carbonates of lead and zinc respectively.  Open pit mining was generally utilized 
to extract these secondary ores.  

At present ore reserves of 6.72 and 1.90 million metric tons are proven for primary and 
secondary deposits respectively.  

Mining and mineral processing activities allowed sulfide minerals to be exposed and 
react with air and water.  Oxidation and hydrolysis of sulfide minerals resulted in dissolution 
and increased mobility of heavy metals and the formation of acid mine drainage.  Fortunately, 
the area is geologically surrounded by limestone formations that react with acid mine water 
which is neutralized and from which dissolved metals precipitate.  As a result, the effluent 
from mines and the flotation plants is normally compliant with the regulatory standards.  The 
lead contamination and dispersion is therefore suspected to originate from suspended 
sediments.  This conclusion is supported by the results of extraction tests on concentrates and 
tailings. The leaching solution of sulfide and carbonate concentrates contained only < 0.02-
3.04 mg/l and < 0.02-0.04 mg/l of lead, respectively, whereas those of tailing contained < 0.02-
0.74 mg/l of lead. 

 
Environmental Investigation and Monitoring 
 

In 1998, due to unusual heavy rain, a pond containing tailings of the flotation plant 
collapsed.  As a result, a large volume of mud with a lead content of 2 – 3 per cent was flushed 
into a nearby stream, the Huai Klitty.  

The dam failure had a severe impact on indigenous people living downstream in Klitty 
Lang Village where fish from the creek was a major source of protein.  

In order to review the level and impact of the release of the lead rich mud in the 
drainage, detailed surveying and sampling of the stream and the stream waters in the proximity 
of the mines and flotation plant have been carried out since 1999.  The water quality of Huai 
Klitty was examined regularly up and down stream from the concentrator over a distance of 
some 20 km.  

In 1999, total lead concentration upstream was 0.02 mg/l, this increased to 0.53 mg/l 
right after passing by the plant.  At locations further downstream, lead concentrations showed a 
decreasing trend before rebounding and fluctuating due to turbulence and suspended 
sediments. 
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Mining and mineral processing in the area takes place in four different locations, the Bo 
Ngam Mine, the Klitty Ore Concentrator, the Song Tho Mine and the Bo Yai - Bo Hoi Mines. 
The average concentrations of total lead in stream water and bottom sediment upstream from 
the mining and mineral processing areas were 0.016-0.104 mg/l and 656-24,052 mg/kg 
respectively.  Within the mining and ore dressing sites, the average concentrations of total lead 
in water and sediment increased to 0.074-0.272 mg/l and 6,811-13,109 mg/kg.  Downstream 
from the mines and flotation plant contents average 0.065-0.092 mg/l and 1,914-40,053 mg/kg. 
It was conspicuous that high concentrations of lead in bottom sediment throughout the streams 
pointed not only to contamination, but also indicated anomalous values upstream, indicating 
that undiscovered mineralization may exist there.  

Vegetation and aquatic animals from the proximity were collected and analysed to 
assess the risk of eating plants and fish.  Only a few eatable species were found to contain high 
lead above a standard level of 1 mg/kg.  Drinking water from the tap and from streams in 7 
villages located around mining and mineral processing areas contained < 0.45-16 µg/l, a safe 
level for lead. 
 
Public Health Effects 
 

As the area in general has good potential for lead mineralization, the clinical surveys 
carried out by Ministry of Public Health had been designed to cover not only the Klitty Lang 
Village affected by the tailings pond failure, but also other 6 villages.  Most of these villages 
have no direct relation with mining or ore dressing activities since they are situated far 
upstream or out of watersheds influenced by mining.  

Blood examination at Klitty Lang Village in 1999, 2000, and 2002 showed average 
lead contents in adults over 15 years old of 25.05, 29.56, and 21.33 µg/dl and in children, 
under 15 years old, contents of 24.08, 26.68, and 21.33 µg/dl, respectively.  

The latest blood tests, carried out in 2002 indicated that population of Klitty Bon 
Village, situated upstream next to the flotation plant, approximately 10 km north of Klitty Lang 
Village, was contaminated with the highest average lead content of 36.29 µg/dl in children and 
24.92 µg/dl in adult.  

A serious aspect is that all examined children at the villages of Klitty Lang and Klitty 
Bon showed higher than 10 µg/dl of lead in blood with maxima of 41 µg/dl and 69 µg/dl, 
respectively.  In addition, 86.7 per cent of children at Klitty Lang Village showed 11-24 µg/dl 
of lead in blood whereas 81.8 per cent of those at Klitty Bon Village showed over 25 µg/dl.  In 
other villages the range of blood lead contents was 7.47-17.93 µg/dl in children and 5.61-15.09 
µg/dl in adult with a maximum of 36 µg/dl and 25 µg/dl in each group.  In spite of prevalence 
of high lead content in blood among the whole population, no manifestation related to lead 
poisoning has been diagnosed.  However, children are relatively sensitive to lead and being 
exposed to excessive lead levels could cause neurological and hematological defects.  The need 
of intervention to reduce the exposure levels is therefore urgent.  

 
Environmental Alleviation Measures 

 
To alleviate the adverse effects from lead contamination caused by mining, mineral 

processing and the failure of the tailings dam, several remedial measures have been 
implemented on the basis of the “polluter pays” principle.  

The first responsive measure was the order to stop the flotation process and to renovate 
the tailings pond.  Clean up and reclamation programs to restore the environmental condition 
in the polluted stream and at the concentrator were established and implemented.  Within 2.5 
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km from the flotation plant 3,753 metric tons of contaminated bottom sediment was excavated 
along the banks of Huai Klitty and dumped back into a tailing pond or buried in secure 
landfills.  Two rock check dams were constructed across Huai Klitty to entrap remaining 
contaminated sediment for later excavation and landfill.  The site of the Klitty Ore 
Concentrator has been reclaimed in accordance with the approved closure plan, before the 
rights were returned to the government.  To compensate for the disturbance, the concentrator 
established a 1 million baht fund for the people of Klitty Lang Village.  Agricultural protein, 
chicken and fish farming were also introduced to the villagers to provide alternative sources of 
protein replacing fish.  Clinical examination and treatment have been carried on intensively.  

A number of committees at local, provincial, departmental and ministerial levels have 
been designated to negotiate, approve, enforce and implement relevant actions for a better 
quality of life and environment in the affected area.  The issue has now also been brought to 
court. 
 
 
Heavy Metal Contamination in the Proximity of Abandoned Tin Mines 
 
Contaminant Sources and Mechanism Appraisal. 
 

In 1993, high lead concentrations in water, sediment and soils collected around 
abandoned tin mines of Bannang Sta District, Yala Province were reported.  In 1994, marine 
macrophytes including sea grass and seaweed, in the bay downstream were found to have high 
lead contents of 4.74-26.78 mg/kg.  These facts gave rise to public concern.  

In the mineral deposits of the area, zinc, lead and copper are associated with tin in 
skarns.  Weathering and erosion of various sulfide minerals have become the main driving 
mechanisms of heavy metal contamination.  

Samples of water and sediment were periodically collected along the streams from the 
mining areas to the bay downward and analyzed for various heavy metals such as cadmium, 
lead, zinc, copper, arsenic, manganese, and iron.  

Lead, arsenic and manganese showed elevated concentrations around the mined out 
areas. As for other heavy metals, no significant concentration was observed.  

Recent data from systematic surveying during 1998–2002 shows that the contamination 
of lead, arsenic and manganese from abandoned mines was confined to within a specific area 
due to the buffering effect of the alkaline environment generated by the limestone formations 
in the area. Acid mine drainage with a low pH of 2-3 was brought up to neutral within a 
distance of 500 meters. The concentration of lead, arsenic and manganese in running water 
became lower with the distance from the mines. Elevated lead content was found again at the 
bay. This was caused by contamination from other sources probably by boat-repair activities 
using lead based paints.  

  
Environmental Investigation and Monitoring 
 

According to regular investigation on environmental quality in the watershed of 
abandoned tin mines during 1998-2002, contamination of lead, arsenic, and manganese in 
running water showed remarkable levels.  In the upstream before flowing through the mined 
out area, the water contained potential toxic elements below the standard limits.  When the 
stream passed through the mined out area, most collected water samples showed high contents 
of lead, arsenic and manganese.  The highest concentrations of lead, arsenic and manganese in 
1998, before launching the mitigation project, were 0.19, 0.36, and 4.7 mg/l, respectively.  
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During the period of project implementation, 1999-2001, the maximum concentrations 
of lead, arsenic, and manganese decreased to 0.13, 0.21, and 2.10 mg/l, respectively.  In 2002 
when the remediation project had been finished, the maximum concentrations of those three 
contaminants were lower than 0.08, 0.20, and 1.60 mg/l, respectively.  The overall perspectives 
of the average concentrations of each metal, moreover, revealed decreasing trends from 1998 
to present. 

The average concentrations of lead and manganese during the past couple years were 
found below the standard limits.  As regards the arsenic concentration, the average remained 
high and fluctuated above the standard.  Nevertheless, where the stream flowed away from the 
abandoned mine, all metal contents decreased to within the standard.   

Lead in sediments upstream from the abandoned tin mines averaged 1,610 mg/kg, 
while stream sediments collected on site of the mined out area averaged 5,903 mg/kg. 
Downstream, around 3 km from mined out area lead concentration decreased significantly to 
an average of 379 mg/kg.  

Lead in soil at residential areas in the vicinity of abandoned tin mines ranged from 197-
1,087 mg/kg. Cultivated fish contained 0.12-0.64 mg/kg of lead.  The highest concentration of 
lead in vegetation was 1.852 mg/kg. 

 
Public Health Effects 
 

There is no record of any manifestation indicating public negative health effects due to 
lead contamination in the area.  However, it is undeniable that elevated lead levels in this 
particular location contribute to some adverse effects on the local communities.  The evidence 
to support the existence of this problem is found in the results of a study the Prince of 
Songkhla University in 1995 on lead contamination among schoolchildren living near the 
abandoned tin mines of Yala Province. 

Two primary schools in the mining area of Bannung Sta District with respectively 46 
and 127 pupils aged between 6 to 15 years were studied. 96 per cent and 74 per cent of 
children in each school had a lead-in-blood level of ≥ 10 µg/dl.  Moreover, 24 per cent and 7 
per cent of those showed contents ≥ 20 µg/dl.  Most of these children’s residences were built in 
areas of extensive mine waste dumps.  

In addition, children from two other primary schools located near the bay were 
examined for lead-in-blood content.  Ninety eight per cent of 61 pupils and 65 per cent of 37 
pupils showed ≥ 10 µg/dl, but only 10 per cent of 61 pupils showed ≥ 20 µg/dl.  This study was 
limited to small children as this particular group was thought likely to intake lead dust by 
ingestion through putting hands into the mouths.  

Recent followed up data, however, revealed declining trends in number of affected 
pupils and in the level of lead contents.  According to 2001 data from the Provincial Public 
Health Office, the average lead-in-blood content for 250 children from the same schools in 
mined out areas had decreased to 6.02 µg/dl with only 11.2 per cent of the pupils having a 
concentration ≥ 10 µg/dl.  

These improvements indicate the effectiveness of the countermeasures implemented in 
the area since 1999, but intensive monitoring must be continued consistently in this 
community.  

 
Environmental Alleviation Measures 

 
To provide a safe environment to local residents in the vicinity of abandoned tin mines, 

improvement programs including secure landfill and capture of mine wastes were launched in 
1999.  A total of 130,000 m3 of mine wastes were captured and 30,000 m3 were buried in a 
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secure landfill lined with HDPE.  Another 50,000 m3 were covered with compacted clay.  The 
remaining 50,000 m3 were gathered and surrounded with a clay barrier before being covered 
with compacted clay and topsoil.  Earth-cover vegetation and fast growing trees were later 
planted over 22 acres. 

The environment and public health have shown signs of improvement.  There is a 
decreasing content of lead in stream water and in the blood of schoolchildren.  Over the next 
years, more mine waste in the adjacent area will be securely stored to enable a better 
environmental quality and quality of life for the local residents. 

 
Other Relevant Environmental Problems and Risks 
 

Almost 20 years ago, there was a leak in the pipeline delivering leached sludge 
containing cadmium, lead and zinc from the zinc refinery in Tak Province.  This event caused 
heavy metal contamination in soil and stream sediment around the plant.  Remedial measures 
included lime stabilization and excavation of contaminated soil and sediment and dumping 
these back into the secure residue pond of the refinery. 

An illegal secondary lead smelter in Ratchaburi Province, central Thailand, was found 
to contaminate soil and crop nearby for several years through stockpiles of used batteries on 
bare soil and emissions of lead fumes and dust.  As a result, cows fed with contaminated maize 
produced contaminated milk.  The owner was arrested and the smelter was demolished. The 
area is now designated as a polluted site and entrance is prohibited. 

Soil as well as surface and shallow groundwater in the northeast in the provinces Sakon 
Nakhon, Udonthani, Nakhon Ratchasima, Mahasarakam, and Nongkay, have been 
contaminated with salt from natural sources and human activities.  

Several regulations and measures have been enforced, including area designation for 
salt production from brine pumping and waste rejection into underground.  Close inspection 
and monitoring to prevent and alleviate the impacts on rice paddy fields and surface water 
quality as well as land subsidence are consistently undertaken. 

Around 25 years ago, villagers at Rong Kwang District, Phrae Province suffered from 
manganese poisoning through drinking of contaminated stream water passing through 
manganese mines.  Clinical surveys in 1978 reported that almost 80 villagers manifested the 
symptoms of manganism, including shaking, clumsiness, shuffling walk, abnormal balance, 
speech difficulties and lack of facial expression.  Among the examined people, 76 from 80 had 
manganese contents in blood over 8 µg/dl with the highest of 60.93 µg/dl and the lowest of 
5.01 µg/dl while the maximum allowed limit was 4 µg/dl.  New sources of clean water were 
provided and the mines were abolished.  

Fluorine contamination in groundwater has been reported in several places especially 
close to the fluorite mines of northern Thailand.  Fluorite concentrations in contaminated areas 
were found to be over the standard limit of 1 mg/l with a factor of 3-4 and sometimes to 10. 
The most critical case so far, in Lumphun Province, a few years ago, there were a number of 
students diagnosed with mottled teeth derived from over-intake of fluorite.  This incident has 
become an incentive for the dental society to initiate an effort for problem prevention and 
alleviation.  
 
 
Conclusions 
 

The mining industry has played an important role as a fundamental segment of the 
economy in supporting and promoting other upstream industries in driving Thailand’s 
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economic and social development.  It could bring prosperity as well as disaster to society and 
to the environment. 

Exploring for and exploiting minerals normally disturbs and deteriorates to some extent 
the surroundings.  Public health risks may result that cause damages to the people and the 
country.  Harmonious national policies and strategies on the development and conservation of 
mineral and other natural resources are therefore crucial to accomplish the better quality of 
people lives. 

Environmental sound management in mining development needs to be planned and 
implemented from project commencement throughout the operation and to the designed 
rehabilitation. 

Environmental protection and mitigation tools should be promulgated and continually 
enforced to achieve the national and global aims of environmental sound promotion in this 
sector.  Participation of the local community, considered as one of the important stakeholders 
is through commenting on submitted mining applications. 

The enforcement of environmental impact assessment (EIA), land use designation, 
liability insurance, rehabilitation bond and decentralization of inspection and monitoring on 
mining industry are examples of the efforts to pursue environmental friendly mineral 
development.  International cooperation and collaboration are also necessary for the 
achievement of the ultimate international goal of sustainable development as a whole. 
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FEATURE ON WATER QUALITY AND HEALTH 
 

ARSENIC POLLUTION IN GROUNDWATER IN THE RED RIVER DELTA 
 

Tong Ngoc Thanh Msc β 
 
 

Abstract 

 
 The Red River Delta is located in the northern part of Viet Nam, it has an area of 
17,000 km2.  The delta is underlain by un-consolidated formations and Neogene sediments.  It 
is one of the most developed economic areas of Viet Nam.  The economic development is 
closely linked to the use of the groundwater resources.  Today, the extraction of groundwater 
has become significant, but it is not always strictly controlled.  It causes the lowering of 
groundwater table, saline intrusion and pollution including arsenic pollution.  Efforts to 
establish some knowledge of the arsenic levels in the Red River delta plain have started. 
However, in order to solve this problem in regional aspect, the collaboration and support as 
well as exchange of experience of experts and international organisations is needed. 
 

Introduction 
 

Groundwater pollution, especially arsenic pollution, is harmful for human health if 
water is used for domestic purposes.  In May 2001, Geology and Health Conference was held 
in Bangkok, Thailand.  The conference reports show that there are regions in Bangladesh, 
China and India, Cambodia, Myanmar, Pakistan, Thailand, and Lao People’s Democratic 
Republic, where groundwater is polluted by arsenic.  

During mapping and searching for minerals in Viet Nam, areas with high arsenic 
concentrations have also been discovered.  National Groundwater Monitoring Network 
investigated the arsenic levels in the Red River Delta, the Mekong River Delta, and on the Thai 
Nguyen Plateau.  With sponsorship from United Nations Children’s Fund (UNICEF) and in 
collaboration with the National University, the Northern Hydrogeological Engineering 
Geological Division (NHEGD) also investigated the arsenic levels in groundwater in the Red 
River Delta.  High arsenic concentrations have been detected in some regions. 

The Red River Delta plain is underlain by quaternary sediments.  The development of 
the delta plain is related to a series of marine transgressions and regressions, as well as to 
tectonic activities.  The sediments are mainly riverbed facies of widely varying thickness.  Two 
main aquifers are recognized. 
 
The Holocene inter-granular aquifer (qh) 
 

This is the shallowest aquifer, distributed rather widely from the center of the plain to 
the sea, but there is only a narrow strip along the Red River.  The thickness of this aquifer 
varies.  It is 10-20m to 30-40m in the center of the plain from Nam Dinh-Thai Binh to the sea.  
In the margin of plain, the aquifer is only 1.5-3m. The average thickness is 13.6m.  This 
aquifer has plenty of water potential, the transmissivity is from 95 to 1788 m2/day. The average 
transmissivity is from 300 to 500 m2 per day from the peak of the plain to Hanoi the water is 
fresh, the TDS is from 0.189 to 0.445 
                                                 
β Northern Hydrogeological-Engineering Geological Division (NHEGD), Geological Survey of Viet Nam. 
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Fig 1: Hydrogeological structure in Red river delta plain 
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g/l and of the calcium-magnesium bicarbonate type.  From Hanoi to Cam Giang, An 
Thi and Khoai Chau the water is still fresh but due to the decreasing permeability, the 
hydraulic gradient and the shallow water table the TDS is increasing.  The water type is 
HCO3-Ca → HCO3-Ca-Na → HCO3-Cl-Ca-Na → Cl-HCO3-Ca-Na. From Hung Yen 
and Hai Duong to the sea the water changes from fresh to saline although not 
completely and areas of fresh water still exist.  The water type now is HCO3-Ca → 
HCO3-Cl-Na and Cl-HCO3- Na in the fresh area. There is a transition zone with 1-6 g/l 
of TDS, where the water type is HCO3-Cl-Na → Cl-HCO3-Na.  In the saline area the 
TDS is high, up to 3g/l or more.  This aquifer is sufficient for small-scale water supply. 

 
The Pleistocene inter-granular aquifer (qp). 
 This is the main aquifer it is distributed widely under the Red River Delta but it 
is exposed only in the margins of the plain. (Fig.1). 
 The aquifer is composed of two layers an upper layer of medium to coarse sand 
mixed with gravel and a lower layer composed of cobbles and pebbles mixed with 
sand.  A clay layer separates the two, but this clay separation is not always there, and as 
a consequence the two sub-aquifers have the same water level.  
 The thickness of this aquifer varies widely from some meters in the northwest 
margin to approximately 100 meters in the centre and the southeast.  The upper level 
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has good water potential.  The transmissitvity ranges from 48 to 756m2/day.  The lower 
part has a better potential for water, the transmissitvity here is from 700 to 2000m2/day. 
Most of the production wells are in this lower part. 
 The Pleistocene aquifer has sufficient potential for large-scale water supply. In 
recent times, the groundwater abstraction in Hanoi, Hai Duong, Hung Yen, Vinh Yen, 
Phuc Yen towns and Kien An-Hai Phong, Hai Hau, Nghia Hung-Nam Dinh provinces 
totals over 1,000,000 m3/day. 

 
The negative effects of groundwater pumping 

 
Nowadays groundwater is abstracted in Vietnam in general and in the Red River Delta 

in particular in the following manner. 
1. Public exploitation wells: These wells are managed by special public organizations 

(Clean Water Business Companies). The construction of these wells is based on the 
results of water exploration programs carried out by competent organizations. These 
wells operate for urban areas and industrial zones. Total water abstraction volume is 
about 500.000 m3/day, in the Hanoi area it is 400,000 m3/day.   

2. Private wells. These wells are exploited by other organizations such as hospitals, 
schools, enterprises and factories. These wells are built without investigation, and 
without permits from a competent organization. Total amount of this abstraction is 
250.000 m3/day. 

3. UNICEF wells. In the rural areas people use groundwater from dug wells or from 
UNICEF sponsored small, shallow wells. In the beginning each house had its own well. 
Now this water supply system has improved and in some communities there is a public 
water supply system served by one or more big wells.  Total production from these 
wells is of the order of  400,000 – 500,000 m3/day. 

 
Groundwater pumping has negative impacts on the environment in general and on the 

groundwater environment in particular. The impacts are degradation of water resources, salt 
intrusion and pollution. 

The degradation of water sources includes the lowering of the water table and the 
enlarging of the cone of depression. The observed data show that cones of depression have 
formed in Hanoi, in Vinh Yen, in Hai Phong, in Nam Dinh and in Thai Binh. 

Observing the cone of depression from 1992 to 2001 shows that the size of the area that 
has been affected by heavy withdrawal and where the water level is now (2001.) below 0m is 
269.34km2. Within this area there is a core that has been strongly affected and where the water 
level is below -8m; this area is now 97.84km2, it expands at the rate of 4.2km2/year. Very 
strongly affected, with water levels below -14m are 28.61km2. This deepest part of the cone is 
expanding at the rate of 2.3km2/year. 

Not only is there a constant expansion of the area affected by the heavy withdrawal and 
an enlargement of the cone of depression (See graph above.), the general water level is lowered 
at the same time. In Hanoi, The water level measured in observation well P41a on the Ha Dinh 
well field in 2002 was 32.43m (fig.4), this was 1.22m deeper than in the same period in 2001.   

Moreover, in Hai Hau, in observation well Q109a (fig.5), the deepest water level in 
2002 was 6.60m. This is 0.44m deeper than in the same period in 2001.  In Kien An- Hai 
Phong, in observation well Q164a (fig.6), the deepest water level is 11.73m, 0.94m deeper than 
in the same period in 2001. 

On the whole the water level in the Pleistocene aquifer has been declining. This, mainly 
recent, lowering of the water level has led to several forms of pollution and to saline intrusion 
into the aquifer. 
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Fig. 2: Map showing the cone of depression south of Hanoi  August 2001 
 
 

 
 

Legend 
area of cone of depression 

<0m : 263.57 Km2 
<-8m : 96.90 Km2 
<-14m : 26.69 Km2 

P.41

 

Observation well

2 Water level of qp aquifer

 
 
 
 
 
 
 
 

 39 



Fig. 3: Graph for the size of the cone of depression south of Hanoi, 1992 – 2001 
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Fig. 4. Lowering of water level in the observation well  #P41a – Hanoi area 
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Arsenic levels in the Red River Delta plain 
 
The presence of an arsenic problem has been recognized during geology-hydrogeology surveys 
and in mapping and surveying for minerals in Vietnam in general and in the Red River Delta 
plain in particular. 
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Fig. 5. Lowering of water level in the observation well No Q.109a 
In Hai Hau - Nam Dinh; Q164a in Kien An-Hai Phong 
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Arsenic is detected in mining areas, ore outcrops and in areas where industrial wastes 
contains arsenic. Arsenic occurs naturally in areas mineralized with sulfide minerals and gold, 
in areas of volcanic activities. The main arsenic liberating mechanism is weathering. The main 
areas in Vietnam of arsenic concentration are in Pia Oac, Ngan Son, Pac Lang, Chay river, 
North Tam Dao, Cho Don-Cho Dien, Dao Vien-Chiem Hoa-Na Hang-Tung and Bac Me.  

Arsenic also occurs in metamorphic intrusive volcanic formations containing 
arsenopyrite, pyrite and gold such as in the Hien river, Binh Gia, east of the Chay river, in Nam 
Xe-Tam Duong, in the downstream part of the Da river. Arsenic concentration in gold ore in 
the basalts of the Vien-nam formation in Doi Bu (Hoa Binh) is 50-204ppm. In sandstone, 
siltstone and in the siliceous shale of the Than Sa formation in a mineralized zone of sulfur-
gold-quartz in Khau Au-La Hien (Bac Can, Thai Nguyen) the value is 13.2ppm; in the ore it is 
1292-1442ppm.  

In the sericite shale and clay shale of the Coc Xo formation in the zinc-lead ore area of 
Cho Don (Bac Can) it is 97.8ppm, and 8.205-261.824ppm in the ore. 

According to Dang Van Can, arsenic in water of the ore zone in Lang Vai (Dam Hong) 
is 0.73mg/l. In Bo Sinh-Moc Chau district, Son La province the arsenic level in springs of the 
right side of the Ma river is 0.43-1.13mg/l. 

Do Tuyet reports arsenic concentrations in karst water at Tay Bac of 2.8mg/l in Tra 
commune, 2.67mg/l in Chieng hamlet, 2.29mg/l in Ngan commune and 3.14mg/l in Chieng 
Bui. 

In the Red River Delta plain, the industrial zones discharge waste containing arsenic. In 
the Viet Tri industrial zone the arsenic concentration in groundwater is higher than the standard 
limitation (max. value is 0.32mg/l). In Thuong Dinh industrial zone, Hanoi area, arsenic in 
wastewater is 0.145-0.346mg/l, higher than standard limitation (Nguyen Van Duc). This 
wastewater is not treated.  

In 1999 with sponsorship of UNICEF, the arsenic level has been studied in 7 provinces 
of the Red River Delta plain. A total of 1228 samples were taken and analyzed. The results 
showed that 740 out of 1228 have an arsenic concentration below 0.01mg/l, 1075 samples have 
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an arsenic concentration below 0.05mg/l and 153 samples have an arsenic concentration over 
0.05mg/l with a maximum value of 0.6mg/l. 

Since 2001, the Northern Hydro-geological Engineering Geological Division has been 
studying arsenic levels in groundwater in the Red River delta plain. Samples are taken twice 
per year, stored and preserved in accordance with ISO 11969 and Vietnamese standard-TCVN 
6626. The results show that out of a total of 34 samples, 17 samples have over 0.001mg/l of 
arsenic, 5 samples have over 0.05mg/l. The max value is 0.428mg/l (Q58a-Dan Phuong-
HaTay). In 2002 there are 18 samples out of 85 samples (21%) having a higher concentration 
than the standard limitation. 14 of these samples are from the qp aquifer with 0.067mg/l 
(Q88b-Ha Nam) and 0.406mg/l (Q58a-Ha Tay), the four remaining samples are from the qh 
aquifer with values of 0.088mg/l (Q85a-Ha Nam) and 0.440mg/l (Q56-Ha Tay). 
  
Table 1.Arsenic and other heavy metals in the Red River Delta plain in 2002 
 

Number of sample having higher 
concentration 

Value, mg/l No Criteria Standard limitation, 
mg/l Season 

Number 
of 

samples Numbe
r % From To 

Dry 43 9 20.9 0.067 0.440 1 As 0,05(TCVN 5944 -
1995) Rainy 42 9 21.0 0.080 0.364 

Dry 43 36 83.7 0.11 2.99 2 Mn 0,1 (TCVN 5944-1995) Rainy 42 36 85.7 0.12 1.59 
Dry 43 39 90.7 0.0002 0.0064 3 Be 0,0002(BKHCNMT-

1993) Rainy 42 9 21.4 0.0002 0.0090 
Dry 43 12 27.9 0.020 0.092 4 Ni 0,02 ( WHO 1984) Rainy 42 0 - - - 
Dry 43 0 - - - 5 Cr 0,05(TCVN 5944-

1995) Rainy 42 2 4.8 0.055 0.066 
Dry 43 0 - - - 6 Cd 0,01(TCVN 5944-

1995) Rainy 42 2 4.8 0.0110 0.0173 
 
 

In 2001-2002, UNICEF Hanoi collaborated with the Northern Hydro Geological 
Engineering Geological Division and the   University for Natural Science/National University 
to sample and analyze environmental parameters, including some heavy metals. The study 
areas are Hanoi city and some provinces: Thai Binh, Nam Dinh and Ninh Binh. The results are 
presented in table 2 and fig. 6,7.  
 
Ha Noi. City:  North of the Red River and Duong River, 8 out of 112 samples in Dong Anh 
district have a higher concentration of arsenic than the standard limitation. 

 
Gia Lam area: qh aquifer: In the dry season 8 samples (40%) have a higher concentration of 
arsenic than standard limitation, but in the rainy season only 2 samples. qp aquifer: in dry 
season 13 samples have a higher concentration of arsenic than the standard limitation, in the 
rainy season just 2 samples. 
 
Tu Liem area: qh aquifer: In the dry season: 8 samples (14.5%) have a higher concentration of 
arsenic than the standard limitation, in the rainy season just 1 sample. qp aquifer: In the dry 
season: 9 samples in the rainy season 3 samples. 

 
Thanh Tri area: The numbers for the qh aquifer are 43 samples (59.7%) and 29 samples 
(40.3%) and for the qp aquifer in dry season13 samples (54.2%) and in the rainy season 9 
samples (39.1%). 
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Urban area: the qh aquifer: In the dry season 18 samples (38.3%) and in the rainy season: 12 
samples (26.1%) have higher concentrations of arsenic than the standard limitation. The qp 
aquifer in the dry season 17 samples (39.5%) in the rainy season: 8 samples (19.0%).  
 
Nam Dinh province: The total number of samples was 125 with 11 samples having a higher 
concentration of arsenic than the standard limitation, mainly from the north of My Loc, Xuan 
Truong and Nam Dinh city. 
 
Ninh Binh province: Total number of samples 75, there are 8 samples having a higher 
concentration of arsenic than the standard limitation, mainly in the southeast of Ninh Binh 
town and the centre of Kim Son. 
 
Thai Binh province: Total number of samples 125, there is only 1 sample with a higher 
concentration of arsenic than the standard limitation.  
 
Some possible mechanisms causing arsenic pollution in groundwater 
 

• The Red River delta plain is composed of fine unconsolidated sediments such as clay, 
peat and organic matter, and it is in these materials that heavy metals and arsenic 
concentrate and are stored. The results for arsenic in soils in 4 wells in Hanoi as 
reported by the University for Natural Science/National University and the Northern 
Hydro Geological Engineering Geological Division showed that the maximum value is 
6-33.0mg/g and this has good correlation with the iron concentration. Arsenic may be 
absorbed by iron Oxy-hydroxide in areas of heavy groundwater pumping. During the 
disintegration of organic matter in peat, a large amount of methane is formed. Methane 
combines with arsenic forming a methyl-arsenic compound that dissolves in 
groundwater. In the Hanoi area, arsenic sources can be clay and peat layers at depths of 
0-40m. 

• Human activities: There are urban areas, factories and residential areas in the Red River 
Delta plain. The untreated waste and wastewater in these areas is discharged into the 
drainage system. Also agricultural activities introduce fertilizers and pesticides 
containing arsenic. 

• The above-mentioned are the main reasons for groundwater pollution. However, the 
strong groundwater abstraction is the main factor causing pollution, especially in the 
centre of the well fields. The lowering of the water level causes an increase in the 
velocity of groundwater flow, and increasing percolation of water. 

 
Some methods to mitigate arsenic in groundwater 
 

• Investigation into the degree of arsenic pollution and the scale of distribution of arsenic 
in the vulnerable areas in the Red River Delta plain and vicinity. 

• Assessment of water sources free of arsenic for water supply as part of integrated 
groundwater management. 

• Treatment of waste from industrial, domestic and agricultural activities. 
• Study the technology and treatment models for community health. 
• Intensive collaboration between national and international organizations to exchange 

information, experience. 
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Table 2. Arsenic and other metals in groundwater  Hanoi area Compared with TCVN 5501-
1991 

 

Arsenic (mg/l) Manganese 
(mg/l) 

Iron 
(mg/l) 

Ammonia 
(mg/l) 

Criteria 
 

Study area 

Number of 
samples >0.05 % >0.1 % >0.3 % > 3 % 

A. Upper aquifer  (qh) 
I. In dry season 

North area 66 4 6.1 44 66.7 27 36.4 2 3.0 
Gia Lam area 20 8 40 19 95.0 12 60 3 15.0 
Tu Liem area 55 8 14.5 46 83.6 40 72.7 10 18.2 

Thanh Tri area 72 43 59.7 59 81.9 66 91.7 56 77.8 
Urban area 47 18 38.3 44 93.6 41 87.23 17 36.2 

II. In rainy season 
Gia Lam area 19 2 10.5 17 89.5 11 57.9 0 0 
Tu Liem area 55 1 1.8 45 81.8 34 61.8 1 1.8 

Thanh Tri area 72 29 40.3 58 80.6 57 79.2 27 37.5 
Urban area 46 12 26.1 41 89.1 38 82.6 7 15.2 

B. Lower aquifer  (qp) 
I. In dry season 

North area 46 4 8.7 33 71.7 33 71.7 3 6.5 
Gia Lam area 72 13 18.1 67 93.1 51 70.8 21 29.2 
Tu Liem area 25 9 36.0 22 88.0 25 100 9 36.0 

Thanh Tri area 24 13 54.2 22 91.7 23 95.8 18 75 
Urban area 43 17 39.5 40 93.0 42 97.7 12 27.9 

II. In rainy season 
Gia Lam area 72 2 2.8 60 83.3 43 59.7 3 4.2 
Tu Liem area 25 3 12.0 18 72.0 21 84.0 0 0 

Thanh Tri area 23 9 39.1 19 82.6 22 95.7 8 34.8 
Urban area 42 8 19.0 36 85.7 39 92.9 3 7.1 
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Fig. 7. Arsenic concentration in groundwater in Thai Binh, Nam Dinh, Ninh Binh provinces 
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FEATURE ON WATER SUPPLY AND SANITATION 
 

A GUIDE TO THE PLANNING AND PROVISION OF  
WATER AND SANITATION SERVICES TO THE URBAN POOR 

 
 
 

SUMMARY 
 

Water is now clearly recognized as a fundamental human right. In the words of Kofi 
Annan, United Nations Secretary-General, “access to safe water is a fundamental human need 
and, therefore, a basic human right.  Contaminated water jeopardizes both the physical and 
social health of all people. It is an affront to human dignity”. 

Water is the essence of life.  Without water, human beings cannot live for more than a 
few days.  It plays a vital role in nearly every function of the body.  Water is also essential for 
hygiene, growing food, raising animals, manufacturing industries, and water plays an 
important role in human recreation and relaxation. 

This Guide aims to inform the importance and priority, which should be attached to 
water as a fundamental human right to the citizens of all nations.  Almost all those not 
currently served by improved water and sanitation services are in poor, vulnerable or 
disadvantaged communities, whose needs are particularly brought into focus by the designation 
of water as a human right.  Hence, affordability, accessibility, and willingness to pay aspects 
must be high on the agenda, since lack of water services is one of the most important physical 
signs of extreme poverty. 

Attention is drawn to the challenging scale of the relevant water and sanitation service 
shortfalls quantified in United Nations Millennium Development Goals, and to the importance 
of sound institutional and strategic frameworks at the national level.  The essential principles 
of these frameworks are described along with the concomitant financial and regulatory 
frameworks, and the benefits and pitfalls of involving the private sector in service delivery. 
 Practical policies and solutions, operating within sound governmental frameworks, are 
needed to secure the rapid expansion of service coverage at an aggregated rate in the Asian and 
Pacific region of more than 100,000 additional people served on each and every day until the 
year 2015, in order to meet the Development Goals.  The generation of quantified target 
regimes, and monitoring of performance against defined standards of service are discussed. 
Some of the key topics, which require close attention, are tariff structures, community 
participation, revenue recovery and credit procedures, procurement policies, and management 
and operation of the relevant infrastructure. 

In turn, the improvement of existing service levels, the operation and maintenance of 
both existing and new services, and the importance of securing essential income cash flows, 
are significant and growing challenges for service authorities at the regional and local levels. 
Along with the welfare of the personnel involved in all aspects of this enterprise, they are the 
ultimate keys to sustainability of these fundamental life-supporting services. 
 
 
INTRODUCTION 
 

According to the World Health Organization (WHO), a child dies every 15 seconds, on 
a worldwide basis, from diarrhoea caused largely by poor sanitation and water supply. 
Diarrhoeal diseases have killed more children in the past 10 years than all the people lost to 
armed conflicts since the Second World War.  Water, sanitation, and hygiene interventions 
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have been shown to reduce sickness from diarrhoea by between 25 per cent and 33 per cent.1 
Furthermore, as a determinant of quality of life, water is as decisive as the air that we breathe, 
and is a prerequisite for the realization of other human rights.2 

The definition of access to safe water as a fundamental human right must, at the very 
least, mean ensuring affordable access for all to enough water to prevent dehydration and 
disease.  General Comment 15 on the right to water, which was adopted in November 2002 by 
the United Nations Committee on Economic, Social, and Cultural Rights states “the human 
right to water entitles everyone to sufficient, safe, acceptable, physically accessible, and 
affordable water for personal and domestic uses.”  
 

Box 1.  United Nations Committee reaffirms human right to water 

On 26 November 2002, the United Nations Committee on Economic, Social and 
Cultural Rights affirmed that access to adequate amounts of clean water for 
personal and domestic uses was a fundamental human right of all people.  In its 
General Comment No. 15 on the implementation of Articles 11 and 12 of the 
International Covenant on Economic, Social, and Cultural Rights, the Committee 
noted that "the human right to water is indispensable for leading a life in human 
dignity.  It is a prerequisite for the realization of other human rights." 

 
In the Global Water Supply and Sanitation Assessment 2000 Report3 published by 

WHO and the United Nations Children’s Fund (UNICEF), it was estimated that in 2000, an 
estimated 668 million people in the Asian and Pacific region lack access to safe drinking water, 
while an estimated 1,888 million persons lack adequate sanitation, representing 18 per cent and 
52 per cent of the region’s population, respectively.  Although globally, for both water supply 
and sanitation, the vast majority of those persons without access safe drinking water are in 
Asia, in terms of the percentage of the total population unserved by water supply the problem 
is greater in Africa. 

 
Box 2.  Implications of the definition of sufficient safe water as a human right 

• Fresh water is a legal entitlement, rather than a commodity or service provided on 
acharitable basis. 

• Achieving basic and improved levels of access should be accelerated to a 
challenging, but realistic, timescale, in recognition of resource limitations. 

• The “least served” should be better targeted and therefore inequalities decreased. 
• Communities and vulnerable groups will be empowered to take part in decision-

making processes. 
• The means and mechanisms available in the United Nations human rights system 

will be used to monitor the progress of State Parties in realizing the right to water 
as well as for holding Governments accountable. 

Source: The Right to Water, World Health Organization, 2003. 
 

                                                 
1 The Right to Water, World Health Organization, 2003. 
2 See box 1 on this page. 
3 Global Water Supply and Sanitation Assessment 2000 Report (United Nations Children’s Fund, Water Supply and 

Sanitation Collaborative Council and World Health Organization, 2000). 
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Officially, water is not only a limited natural resource and a public good, it is also a 
human right.  However, this does not mean that people should expect to receive water supplies 
without payment.  Arguably, one of the biggest obstacles to achieving targets in water and 
sanitation is the widespread feeling that water is a “gift of God” and should therefore not cost 
anything.  The delivery of water services out of a more or less polluted environment, and the 
cleansing of wastewater before discharge back to the environment, carry a finite, if variable 
cost, depending on the circumstances.  This cost must be met. The challenge is to secure a 
price that is unexceptionably affordable for all citizens. 

“Water is life, sanitation is dignity”, the title of a recent policy paper of the Government 
of South Africa, epitomizes the significance of water services and clearly emphasizes their 
importance to the day-to-day welfare of individual citizens.  The availability of adequate 
services is fundamental to poverty reduction, providing people with elements essential to 
growth and development.  The contributions of water services to the welfare of the 
environment, the general development of the country and economic growth, although less 
immediately visible, are of great importance.  They may even be seen to justify contribution or 
preferably targeted subsidies from the general economy to facilitate essential infrastructural 
development.   

Almost all the currently unserved are in poor, vulnerable, or disadvantaged 
communities, whose needs are particularly brought into focus by the designation of water as a 
fundamental human right.  Hence, the aspects of affordability, accessibility, and the 
willingness to pay must be high on the agenda, as a lack of water services is one of the most 
important physical signs of extreme poverty. 

Although in the Asia and Pacific region and worldwide, there remain large numbers of 
people in rural areas without adequate and improved, clean, and convenient water supply and 
sanitation arrangements, the problem in urban and peri-urban areas is considerably more 
challenging.  In fact, the latter situation often turns out to be more expensive to remedy in unit 
cost terms, due to the bizarre dis-economy of scale that arises in bringing large quantities of 
freshwater into a small area, and subsequently disposing of the wastewater products in bulk 
safely into the environment. 

The aim of this Guide is to identify the aspects that need to be considered when 
planning how to serve the poor with water-related services in urban and peri-urban areas, 
effectively, efficiently, sustainably, and with replicability.  Unless services are working well 
overall, it is unlikely that they will work for poor communities.  Hence, there is a strong link 
between services for the poor and worldwide enterprise as defined in the Millennium Goals 
and the more recent WSSD Johannesburg Declaration. 
 
 
I.  SCALE AND IMPACT 

 
Scaling the problem 
 

The fact that water is a human right serves to emphasize the responsibilities of 
Governments to secure adequate and sufficient water services for all their citizens.  This is 
particularly a challenge in relation to the disadvantaged and vulnerable, who are generally not 
in a position to help themselves. 

Consistent with internationally accepted definitions of their duties and obligations to 
their citizens, Governments must take responsibility for initiating action to respect, protect, and 
fulfill the right to water and other water-related rights.  Furthermore, they must ensure that 
anyone operating within their jurisdiction – individuals, communities, civil society, and the 
private sector – does the same. 

 50 



Box 3.  Examples of “improved” and “unimproved” water supply and  
sanitation technologies 

Water supply Sanitation 

The following technologies were considered “improved”: 
• Household connection (internal or 

garden/yard tap)* 
• Public standpipe, water-point, borehole or 

protected well source located within 1 km 
• Protected spring located within 1 km 
• Rainwater collection 

• Connection to a public sewer 
• Connection to a local septic system 
• Pour-flush latrine 
• Simple pit latrine 
• Ventilated improved pit latrine 

* network operating at over 50% capacity on a daily basis 

The following technologies were considered “not improved”: 
• Any supply of greater distance than 1 km 
• Unprotected well 
• Unprotected spring 
• Vendor-provided water 
•  Bottled watera

• Tanker truck provision of water 

• Bucket latrines (where excreta is manually 
removed) 

• Public latrines 
• Open latrines 

a  Not considered “improved” because of limitations concerning the potential quantity of water supplied, not the 
quality. 

Sources: Various, but broadly based on WHO4 material and South African experience. (Intended as a broad guide 
only, and not to preclude interim solutions where these are the only option for the immediate relief of poverty.) 

 
In 2000, of the total population of 668 million and 1,888 million who remained 

unserved by water supply and sanitation in Asia and the Pacific, respectively, an estimated 83 
million and 283 million of those numbers, respectively, live in urban environments.  These 
figures comprise the people quantified within Millennium Development Goal statistics who are 
of immediate relevance to this Guide.  They represent 6 per cent and 22 per cent respectively 
of the total urban population of Asia and the Pacific.  However, both population and 
urbanization are increasing.  Between 1990 and 2000, the overall population of Asia and the 
Pacific increased by 15.8 per cent and urbanization also expanded, so that urban population 
increased by 31.4 per cent. Over the next 15 years, urban population is expected to increase by 
nearly 44 per cent from 1,301 million in 2000 to 1,870 million by 2015, adding an additional 
569 million people to the total number who will be potentially unserved at the end of that 
period.  

Coverage statistics alone, as the sole measure of service provision, have been criticized 
as failing to focus on the changes that contribute progressively to health and development, and 
as being too simplistic, dividing the world into those who “have” and those who “have not.” 
However, without statistics, and the strategic targeting that they facilitate, the extent of the task 
remains unquantified, resource planning is hindered, and there is no measure of the progress 
being achieved.   There are, however, a number of additional factors that have to be taken into 
account and which are not necessarily quantified by the Millennium Development Goals.  
Some of the most important factors are: 

                                                 
4 The World Health Report, World Health Organization, Geneva, 2002. 
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• Many areas of the world are water resource sensitive, that is, there is an absolute 
shortage of water available to meet local demand of communities, agriculture, and 
industry.  

• It is estimated that some 65 per cent of the urban wastewater, collected by the 
sewerage systems serving some 50 per cent of the urban population of Asia, 
discharges untreated into the environment.  

• More than half the existing improved urban water supplies in Asia are believed to 
operate only intermittently, typically for less than 12 hours per day.  

• In many ways, the water quality implications of intermittent water supply are more 
serious, especially where water is not disinfected, as is estimated to be the case for 
one in five systems in Asia.  

 
 
Impact and implications 
 

Data published in the 2000 Report5 indicate that, setting aside malnutrition and unsafe 
sex, the combined risk factor of unsafe water, sanitation, and hygiene is the biggest source of 
human disease in developing countries.  Worldwide, up to 8 per cent of the total disease burden 
is attributable to this risk factor, including approximately 3.1 per cent of deaths (1.7 million per 
annum) and 3.7 per cent of disability-adjusted life years (DALYs).  Overall, 99.8 per cent of 
deaths associated with unsafe water, sanitation and hygiene are in developing countries (figure 
1), and 90 per cent of those fatalities are among children.6  The next most significant risk 
factors are indoor smoke from solid fuels, alcohol, iron deficiency, and tobacco.  

Infant mortality rates7 in the developed regions of the world are normally below 10 per 
1,000 live births and may be as low as 4 per 1,000 (for example, in Finland, Japan, and 
Sweden).  In developing countries, the rates are much higher, and in a few instances well over 
100 (for example, in Afghanistan and Timor-Leste, and in many of the poorer countries of 
Africa).  Similarly, life expectancy at birth8 is typically in excess of 75 years for women and 70 
for men in developed regions (for example, 85 and 78 years, respectively, in Japan, and 83 and 
78 years, respectively, in Sweden).  In developing countries, it can be 50 or lower for both men 
and women (for example, 44 and 43 years, respectively, in Afghanistan, and 51 and 50 years, 
respectively, in Timor-Leste, and also in many of the poorer countries of Africa).  The link 
with water and sanitation is complicated and indirect, but there is clearly a correlation between 
the lack of water services and high infant mortality/low life expectancy. 

Attempts have been made to link poor access to improved drinking water supplies with 
child health as measured by the under-five mortality rate.9  However, as well as being 
associated with the availability of water (and sanitation) services, health, including childhood 
mortality, is undoubtedly strongly affected by other factors.  The analysis of under-five 
mortality rate in 2000, against water supply access alone, shown in figure 1, is instructive but 
hardly conclusive.  Assessment of the quality of primary health care and general medical 
services in each country is beyond the scope of this Guide.  There is the strongest evidence that 
a combination of these factors with access to water and sanitation services would produce a 
strong correlation and confirm the importance of water services as of key significance in the 
overall health of each national population.  Once again the overwhelming impact is amongst 
the poorest sectors of the community. 

                                                 
5 Global Water Supply and Sanitation Assessment 2000 Report, Section 3.4, Quality of Service. 
6 The World Health Report, World Health Organization, Geneva, 2002. 
7The World’s Women 2000: Trends and Statistics, United Nations Statistics Division, New York.  
8 Ibid 
9 See ESCAP statistics on www.childinfo.org 
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Figure 1.  Consequences of poor access to improved water supply 

 
Source: Data from United Nations Children’s Fund statistics on child mortality;10 also see footnote 6. 

 
 

The benefits to individual citizens, communities and to national economies of water 
and sanitation improvements are many and varied.  Their value depends on the importance 
attached to each type of benefit by governments and their citizens.  The evaluation of benefits 
is beyond the scope of this publication, but standard evaluation techniques are available.11  
Suffice it to say that the following substantial benefits are often cited as being significant in 
any decision to proceed with water and sanitation improvements: 

 
• Less illness and lower death rates; reduced current and future of health intervention; 
• Improved health and quality of life, including improved resistance to other 

infections; 
• Increased productivity and capital formation activities such as less time off work 

and school, and improved efficiency while at work or school; 
• Direct economic value of high-quality water such as irrigation water for crops, 

fisheries production, and sea ecosystems; general empowerment of communities for 
development. 

• Reduced sick leave of employees (paid sick leave, lost production); 
• Reduced costs and time in attending care; and 
• Increased convenience of a good water supply, increased amenity (laundry, 

recreational uses). 
 
In summary, improved water services reduce poverty and increase economic growth. 

                                                 
10 www.childinfo.org/cmr/revis/db2.htm 
11 Considerations in Evaluating the Cost Effectiveness of Environmental Health Interventions (WHO, 2000, 97 p.); 

also Methodology for Assessment of Environmental Burden of Disease: Report on the ISEE Session on Environmental Burden 
of Disease (WHO, 2000, 93 p.) 
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II.  FACING THE CHALLENGE 
 

In the Millennium Declaration, 2000, Governments across the world pledged to “reduce 
by half, the proportion of people without sustainable access to safe drinking water” by 2015. 
The Johannesburg Summit Declaration of September 2002 (the World Summit on Sustainable 
Development) called for the Millennium Development water supply goal to be extended to 
include sanitation.  

 
Box 4.   

 

 

 

Halve, by the year 2015, the proportion of people 
without access to safe drinking water 

(reaffirmation of Millennium Development Goal). 
 

Halve, by the year 2015, the proportion of people 
who do not have access to basic sanitation. 

 
The Johannesburg Summit agreed on a programme of action to achieve the goals of: 
(a) Promoting best practices and support capacity-building for water and sanitation 

services, and ensuring that they meet the needs of the poor and are gender-sensitive; 
(b) Facilitate access to public information and participation in support of policy and 

decision-making related to water resources management; 
(c) Promoting priority action by governments and stakeholders in water management 

and capacity-building, and the provision of additional financial resources and 
innovative technologies; 

(d) Intensifying water pollution prevention to reduce health hazards, including the 
mitigation of the effects of groundwater contamination; and 

(e) Promoting sustainable water use and address water shortages.12 
 
In simple numerical terms, the Johannesburg Declaration, implies the implementation 

of improved water services for urban populations for some 600 million people and improved 
sanitation facilities for some 650 million people over the next 15 years.  This implies that 
improved water and sanitation services should be provided for an additional 40 million people 
each year, or more than 100,000 people each day for the next 15 years. 

A large proportion of these numbers result from increasing population, and a significant 
proportion of this will occur in areas that are already served.  On the other hand, in some 
countries, the challenge is proportionally much greater than average, and many countries will 
decide to adopt strategies that secure services to more than half the outstanding shortfall by 
2015.  In addition, many governments will look for relatively higher standards of services, 
particularly in urban areas, than those strictly represented by WHO statistics.  For example, in 
2000, 43 per cent of people living in Asia with a water supply service did not have a household 
connection, that is 1,180 million people used public standpipes, boreholes and well sources, 
protected springs and rainwater collection systems or similar, with many walking up to 1 km to 
collect supplies.  In varying degrees, governments will also have to solve problems not strictly 

                                                 
12 Plan of Implementation, chapter II and chapter IV, “Protecting and managing the natural resource base of 

economic and social development”, paragraph 24. 
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represented by the presentation of coverage targets as well as take the initiative to ensure that 
adequate resources are applied to reaching the poor, vulnerable, and disadvantaged 
communities.  

Countries have been urged to prioritize water and sanitation in their national sustainable 
development strategies and poverty reduction strategies.  However, achieving the goal of 
halving the proportion of the population without access to water supply and sanitation by 2015 
will be an enormous challenge for many governments of the countries in the region.  
Nevertheless, governments need to take control of their own national strategies, incorporating 
distinctly pro-poor policies, thus avoiding the possibility of international pressure in the form 
of grant and loan conditions.  The task is exacerbated by the widespread wasteful use of 
available water supplies, the depletion and contamination of many developed water sources, 
and, above all, insufficient investments in the water supply and sanitation sector.  There is thus 
an urgent need for concerted action by all parties involved in order to increase dramatically the 
proportion of the population in the region with access to water-related services. 

Governments will want to set up, and plan to meet, strategic targets in order to make 
their national contribution to international Millennium Development Goals.  Where national 
statistics are not available, or are out of date, incomplete, or their accuracy is suspect, there will 
be an important foundational data collection exercise that should include the following aspects 
as a minimum basic exercise: 

(a) Population in 2000 and projected at five-yearly intervals to 2015, split between 
urban and rural; 

(b) Population in 2000 with improved water services, and with water supply and 
sanitation quoted separately, again split between urban and rural; 

(c) The percentage of the urban population with household connections, and the 
percentage of those connections where the service is normally continuously 
available; and 

(d) The percentage of the urban population with water-borne sewerage facilities, and 
the percentage of effluents that receive treatment at least to primary standards, 
before discharge into the environment. 

 
Figure 2.  Sustainability and replicability in water and sanitation 
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The challenge is to achieve improvement of services through strategies that are 
sustainable in economic, social, and environmental terms.  In economic terms, this implies the 
provision and maintenance of infrastructure to acceptable standards.  The costs of this must be 
balanced between affordability and willingness to pay on the one hand, and the efficiency of 
construction, operation and revenue recovery, the use of cross-subsidization arrangements in 
favour of the poor, and the selection of optimum capital funding arrangements.  If necessary 
the latter could encompass a degree of absolute subsidy to exclusively poor areas, or 
alternatively a subsidy could be paid selectively to poor customers, either way reflecting the 
value to the economy of improved water and sanitation services.  Figure 2 illustrates these 
concepts. 

Some of the more important lower level issues that need to be considered in the 
development of structural and strategic frameworks, and in the consideration of practical 
policies and solutions, are discussed in the following paragraphs.  In order to gain the 
necessary economic, technical, sociological, and cultural insights for sound planning of water 
and sanitation services, socio-economic and planning studies of a small cross-section of urban 
communities, more especially the poorest communities, are important.  In many cases, some or 
most of the information may already exist in work already undertaken.  Either way, the 
available data needs to be collated in such a way as to enable efficient and practical policies 
and strategies to be formulated at the national level, and implemented at all levels. 
 
Economic aspects 
 

Water services must be paid for, but their cost varies considerably with circumstances 
and standards (figure 3).  In some areas, high transmission costs are unavoidable because of a 
shortage of local water resources.  Sometimes, local water resources require advanced 
treatment processes such as desalination or arsenic removal to secure quality to international 
standards, or even to achieve interim local standards.  A key issue for the poor is the 
affordability of water services.  This will depend not only on cost – which, in turn, depends 
heavily on standards – and household income, but also on funding strategy and tariff structure.  

Generally, tariffs in countries of the Asian and Pacific region are low, reflecting a 
combination of poor service standards, a tendency to rely on subsidies, and a reluctance to 
appreciate the value of water services as key factors in relation to health and quality of life. In 
practice, where improved services are not available, the net effect is payment of a unit rate of 
many times the economic tariff rate for improved service provision.  Examples of 100-fold unit 
rate differentials exist, so that even if consumption increases five-fold or more with improved 
services, there may be a twenty-fold overall saving. 

The economics of water supply and sanitation are strongly influenced by household 
sizes and occupancy rates of premises, which in turn depend upon nuclear and extended family 
characteristics.  Minimum and average household incomes and current expenditure on water-
related services and other utilities are also important.  Other factors include the existence and 
impact of national minimum wage levels, rates of unemployment, welfare payments, pensions, 
and any other income available to the poorer sector of the population, and the current cost of 
water in local currencies per cubic metre, where vendors, tankers or bottled water are utilized 
among communities without, as yet, improved services.  This information can be reviewed in 
relation to affordability and comparisons with willingness to pay (see section on social and 
community aspects). 

One of the most effective devices for securing affordability of improved domestic water 
services to the poorest members of the community is to invoke a cross-subsidizing tariff 
system that may also incorporate a rising block component, which has the added benefit of a 
conservation dimension.  The incentive for industrial recycling and processing efficiency is of 
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particular value in areas of water resource shortage.  Cross-subsidy in favour of poorer 
members of the community must be applied carefully to avoid unduly high costs for wealthier 
domestic customers and commercial and industrial users.  Overall, financial sustainability 
depends on an adequate degree of heterogeneity in the customer base (for example, integration 
of urban and rural supplies as well as wealthier income-generating areas with poorer 
communities). 

 
Figure 3.  Median water supply and sewerage tariffs by region, 1990-2000 

 
  Source: Global Water Supply and Sanitation Assessment 2000 Report,  
  Note: In this case, Asia includes the Middle East, but does not cover Australia and the Pacific. 
 

Technical aspects 
 

Current modes of water supply and wastewater disposal should be reviewed against 
standards proposed for currently unimproved services, and against those laid down for areas 
already receiving improved services.  At the local level, pressure management and continuity 
of supply are important, especially in fringe areas at the extremities of systems where the poor 
often live.  Definition of the proposed service areas is important, more especially to define: 
The boundaries of the urban areas; 
Their population and age profile; 
The areas and density of urban and semi-urban settlement; 
The nature and effectiveness of existing water supply and sanitation arrangements; 
The location, convenience, and availability of water supply from surface or groundwater 
sources; 
The convenience of suitable wastewater disposal facilities; and 
The potential impact of water supply on wastewater disposal and vice-versa.  

 
Climate, including seasonal rainfall and temperature, river flows, and groundwater 

levels, should also be considered, since they affect the availability of water resources, probable 
demand levels and the feasibility of effluent disposal into local surface water or groundwater 
sinks. 
 
Social and community aspects 

 
The social aspects of service provision are reflected most obviously in the involvement 

of the community in the choices that must be made in terms of the levels of service to be 
provided, the details of how the essential infrastructure is to be designed and laid out, and the 
detailed arrangements for revenue recovery.  They require an understanding of culture, values, 
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and local sensitivities of the communities if pitfalls are to be avoided in areas that may easily 
be passed over as minor details.  Other choices to be made in the areas of environmental 
impact, funding, and subsidization are more strategic in nature, but these also need to take into 
account the circumstances on the ground as well as the opinions and sensitivities of customers.  
Ability and willingness to pay, as expressed by communities, should be reviewed, together 
with local institutional or more informal voluntary representative structures in the community, 
and the attitude of the communities to water-related development.  Local culture needs to be 
understood insofar as it may affect attitudes in a community to some of the details of water 
service provision, such as sanitation facilities, location and details of community water supply 
tap stands, and the location of water and sanitation facilities. 

Existing or proposed private sector participation (PSP) or public-private partnership 
(PPP) and the types of participation or partnership should be reviewed, and determined as a 
matter of policy, together with any existing non-governmental organization (NGO) presence 
and support in the community, and activities of community-based voluntary organizations and 
their attitude, interest and experience in water-related development.  In addition, any 
involvement of utility-related consumer organizations should be identified. All of these 
potential contributions incorporated into policies and solutions. 

 
Environmental aspects 
 

The existing condition of local water courses and groundwater in quantitative and 
qualitative terms, and the impact on water supply available to the community should be 
considered, together with the implications of existing wastewater disposal practices on private 
gardens and yards, publicly accessible areas and local watercourses, in terms of odour, 
aesthetics, and the presence and condition of flora and fauna.  The impact of pollution on 
downstream communities is also important. 

Another important environmental aspect with serious cost implications is the absolute 
availability of fresh water, which may be a major constraint at the national or local levels and 
consequently require impoundment and/or long distance transfer projects.  Such projects are 
expensive in both capital and operating and maintenance cost terms, thus having an impact on 
conservation and charging policy.  
 
Land tenure, access, and accommodation 
 

One of the major constraints to the provision of improved water and sanitation services 
to the poor in urban areas is that posed by the special problems of slum areas and informal 
settlements.  In many cases, these communities have occupied the land illegally and are 
therefore liable to eviction at almost any time.  But eviction, or, more positively, planned 
resettlement is often delayed over a period of many years, during which time settlements tend 
to grow.  Consequently, all the adverse health, social, environmental, and economic 
implications of the lack of water and sanitation facilities manifest themselves, often in an 
exaggerated way due to the particular circumstances of life in a crowded slum.  

Land ownership profiles should be considered, including current conditions of 
occupancy and any time limitations, local planning status of service areas, and legal aspects of 
providing water supply and sanitation infrastructure in the prevailing circumstances.  Other 
important aspects are physical access limitations, easement, or other legal access restrictions, 
topography and ground conditions of access routes and sites, including any significant seasonal 
variations.  The provision of domestic water services is influenced by type of accommodation, 
its temporary or permanent status, and the materials and quality of construction.  
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Improvements may have to be made and, most importantly, settlements may have to be 
regularized prior to the provision of services. 

 
 

III.  INSTITUTIONAL AND STRATEGIC FRAMEWORKS 
 

The fact that water is a fundamental human right serves to emphasize the 
responsibilities of Governments to secure adequate and sufficient water services for all their 
citizens, but it does not mean that governments must necessarily deliver such services directly. 
It certainly means that key responsibilities must be accepted by Governments at the national, 
regional and local levels, as appropriate.  As a minimum agenda, the following areas of 
potential development and reform, which are of vital significance and importance, should be 
included: 

• Institutional and legal frameworks; 
• Financial  frameworks; 
• Regulatory and contractual frameworks and private sector participation; and 
• Performance monitoring and review within these frameworks. 
 
Governments can never shed responsibility for a human right, nor can any one part of 

the public sector hierarchy divest itself of this responsibility by delegating it to other parts of 
the public sector, or by outsourcing it to the private sector or civil society.  Individuals, 
communities, civil society, and the private sector can only ever be partners in support of the 
task of securing water services; but in partnership with governments, the contribution of these 
sectors may be decisive.  Hence, the importance of institutional and regulatory frameworks is 
clear, whether or not non-public sector service providers are involved.  Adequate frameworks 
must be in place, together with adequate experience, expertise, and capacity in the public 
sector, for the critical regulatory function.  Uncertainties in this area increase the cost of 
capital, as well as the risk to the private sector if it is involved, thus ultimately increasing price 
to end users.  Similarly, it is important that the service provider, public or private, is suitably 
experienced in the provision of water services to a comparable standard and scale. 

In many developing countries, the majority of potential new customers are likely to 
come from the poor, vulnerable, and disadvantaged sectors.  In order to secure the interests of 
the poor, it is essential for the development or reform of frameworks in the above four areas to 
be specifically designed to address their needs, leading to strategies, policies, regulatory 
regimes, and contracts that do the same.  This requires adequate consultation procedures and 
high standards of customer care, to secure coverage targets that ensure that the poor are 
reached progressively and even-handedly in terms of timescales and standards, set at 
affordable levels, sufficient at least to meet the basic requirements for quantity and quality that 
will achieve the health, environmental, and quality of life benefits.  
 It is essential to consider proposed institutional responsibilities for water-related policy, 
strategy, finance, and service provision at the national, provincial, and local levels, together 
with the corresponding requirements for water-related national, provincial, and local 
legislation.  The legal framework of service provision, including statutory responsibilities, 
coverage, water quality and quantity standards, cost recovery, and penalties for non-payment, 
must be addressed.  Proposals for private sector participation and partnership are often 
sensitive and must often be treated in policy terms at the national level.  In turn, they have 
important implications for regulatory regimes and mechanisms, although these should be in 
place irrespective of any non-public sector involvement. 
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Institutional and legal frameworks 
  

Effective institutional frameworks are fundamentally important. They are the 
instruments of effective governance over essential utility services such as water supply and 
sanitation, and they incorporate the organizational structures through which a government 
exercises its duty and obligations to its citizens.  A number of key issues have to be resolved in 
the process of determining the institutional structure within which water services are planned 
and delivered. These include: 

• Centralization versus decentralization; 
• Legal entitlements and enabling legislation; 
• Definition of institutional responsibilities and reporting procedures; 
• Definition of service areas and standards; and 
• Special provisions for disadvantaged and vulnerable groups. 

 
It is helpful in addressing this topic to differentiate in principle between the 

responsibilities and roles of the various parties who are likely to be involved in the provision of 
water and sanitation services across each national spectrum.  As already made clear, it is the 
national Government’s responsibility to secure initial access to water and sanitation services, 
albeit progressively over a finite and defined period of time, and then to maintain such access. 
This responsibility will normally be undertaken through a department or ministry of a 
Government, whose responsibilities may be specifically water-related, or may be grouped 
around an environmental brief including all water-related affairs. 

 
Figure 4. Generalized institutional framework for water and sanitation 
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It would be unusual for a national government to discharge these responsibilities 
directly.  Normally, they would be placed with a series of geographically defined area water 
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services authorities (WSAs) (figure 4).  WSAs are usually public sector bodies with direct 
responsibility to the relevant government department and, excepting in the unusual case of 
divestiture to a private company, would normally own the infrastructural assets.  They would 
normally be formed at the provincial, regional, or local (district or municipality) levels.  They 
may, of course, be part of multi-functional authorities; however, if so, any potential for 
unhelpful competition for funds, especially at the operating level, between water services and 
other utility functions must be addressed.  There are important advantages, especially in water 
resource sensitive areas, in the utilization of natural river basin catchment areas, or groups 
thereof, or proxies, in defining WSAs.  However, these natural boundaries are seldom 
coincident with existing administrative boundaries, and tensions may therefore arise if 
sensitivity is not demonstrated when implementing changes. 

The lower level function of a water services provider (WSP) may be carried out directly 
by a WSA department or another suitably qualified and resourced public institution, a private 
body (such as a national or international water company), a locally-based private institution 
that may have a non-profit basis, a community-based organization (CBO) or an NGO, either 
under contract or as a joint venture.  In most cases, there will be further subcontracting by the 
WSP, utilizing the local private sector for supply of goods and services. 

It is one thing for Governments to devolve responsibility for ensuring access to water 
services, but quite another to secure adequate and consistent implementation.  Experience 
around the world suggests that the essential regulatory role needs to be undertaken on a 
professional rather than a political basis, and that it requires both an economic and a technical 
dimension.  Although independent regulation is obviously essential where non-public service 
providers are involved at a high level in the structure, it cannot satisfactorily be dispensed with 
even if the WSPs are in the public sector.  This is because of the environmental implications of 
water service provision, its impact on stream flows, groundwater levels, and water resources in 
general, and the stringent quality requirements, particularly in the areas of drinking water and 
effluent discharge.    

The perpetual debate between centralization and decentralization has to be resolved 
through the selection of the institutional framework that each country elects to establish. 
Fundamentally, decentralization is the favoured human option, but it must depend on the 
existence of adequate local resources; that is, in particular, management and technical capacity 
and experience on the one hand, and adequate local water resources and effluent disposal 
routes on the other.  Hence, the optimum choice is highly dependent on the state of 
development of the country and, within those margins, the national water resources situation. 

As a strategic principle, it is worth noting that the integration of water and sanitation 
has advantages in terms of efficiency as well as the key benefit of providing a revenue 
collection mechanism for sanitation.  This does not, however, necessarily mean a common 
public or private service provider since the one can act as a collecting agent for the other; 
however, this will not enable the other important synergies between the two services to be 
harnessed in full.  This development also moves beyond the very basic circumstances of initial 
local service delivery, which will be preferred in some countries for the time being. 
 
Financial frameworks 
 

Following the identification of water as a human right, perhaps the most fundamental 
strategic considerations are the status of water supply as an economic good or as a welfare 
service, and the status of sanitation as a household service or a communal environmental 
service.  In developing countries, extremely potent arguments exist for not adopting extreme 
positions on either of these two considerations.  In this connection, it may be noted that in the 
developed world, water services as a welfare provision paid for wholly by governments (that 
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is, from general taxation), are simply unsustainable at the service levels demanded by 
consumers.  Indeed, in developed countries even the poorest sectors of the population can pay 
as little as 1 per cent of their total income for water services to achieve full cost recovery.  The 
only issues in these circumstances are: 

 
(a) Whether or not water services should be charged strictly by measuring or by a 

suitable proxy to avoid costs and uncertainties of water metering; and 
(b) Whether tariffs should be standardized across users of all types and situations or 

reflect the actual costs of supply to individual consumers (for example, economies 
of scale and diseconomies of supply to rural areas). 

 
In developing countries, especially those with substantial poor urban populations, 

conclusions are likely to be somewhat different.  Full cost recovery may be unsustainable 
without drastic cross-subsidy between large and relatively wealthy users and poor 
communities.  In those circumstances, the critical contributions of water services to health and 
economic development potential as well as the quality of life in general, which are 
undoubtedly benefits to the nation as a whole, suggest that consideration must be given to the 
possibility of introducing some funding available to national Governments into the support of 
water and sanitation services.  This funding could be from internal, bilateral or international 
sources, and should preferably be as a targeted contribution to the cost of water services to the 
poor. 

However, a broader contribution may be necessary, for example, in the form of a 
contribution, at least to the capital costs of providing the essential infrastructure.  Again, as an 
example, such a contribution could be confined to meeting the capital costs of the expensive 
water resource and effluent treatment portions of these services, which are often the 
“unaffordable” components.  The result in terms of (a) making services affordable to the 
poorest sectors of the community, or (b) reducing the range of cross-subsidy required between 
different types of consumer, may be decisive in achieving the targeted provision of sustainable 
water services for the overall population. 

A number of possible solutions are available to finance water and sanitation 
development. These include: 

 
(a) An increase in bilateral aid. This is a key issue for the international community; 
(b) International private sector funding. There is considerable potential in this type of 

solution, but poorer developing countries do not present an attractive proposition to 
investors; 

(c) Re-allocation of in-country public sector resources. This clearly requires governments 
to give to water and sanitation services the priority that they deserve; 

(d) Debt relief releases funds that can, and in many cases should, be applied to water and 
sanitation improvements; and 

(e) Community funding. Probably small in aggregate but potentially important locally, 
with mechanisms such as micro-credit and community management coming to the fore. 

 
Tariff design is a key aspect of the provision of water services, which will normally rely 

on at least a significant component of cost recovery.  As such, it should normally be one 
objective of the design stage financial modelling of any proposed national scheme.  It will need 
to be based on reliable, if only skeletal, socio-economic, and subsectorial demand information 
as well as on realistic unit cost data for both capital and operating costs.  This will enable an 
outline assessment of affordability among poorer communities as well as the implications for 
commerce, industry, and higher domestic users.  Making allowances for the inevitable extent 
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of commercial and physical losses, together with a circumspect level of bad debt, is important 
if the results of the modelling exercise are to be realistic. 
 
Regulatory frameworks 
 

In developing countries with adequate and well-distributed water resources, especially 
where lower standards are affordable and acceptable for the immediate future, decentralization 
has substantial advantages and may be the only practicable way to get sustainable service 
delivery off the ground.  In this case, the essentials of a suitable institutional framework will 
consist of a clear delegation of roles and responsibilities, with definition of standards for 
service delivery at the local level.  However, as standards and coverage develop, the 
introduction of consistent financial and regulatory frameworks, and the means of control 
through performance monitoring and review, become progressively more important.  At the 
same time, the institutional framework will need to evolve accordingly towards the model 
shown in figure 4.  Aggregation of service delivery to the regional or provincial level is then 
likely to become the preferred option, for reasons of economy of scale and to secure integrated 
water resource and environmental management. 

This section is concerned with the higher-level specification of outputs required of the 
service provider as well as the cost of these services to consumers, whether the provider is in 
the public, private, civil society, or even the individual sector.  Where limited services are 
procured by the main service provider, usually from the private sector (for example, for meter 
reading, pipework maintenance, financial auditing etc.), the importance of the terms and 
conditions, and the specification of works to be carried out or service to be provided, are well 
known and understood.  Therefore, they are not be dealt with here.  Regulatory frameworks are 
important whether there is non-public sector participation or not, although in practice they 
often only develop effectively, where there is an essential need to define what is, in effect, the 
contractual obligation of the non-public sector partner. 

In figure 4, the obligation for service provision, which ultimately must rest with 
Governments, is delegated to WSAs.  The WSAs are regulated by a professional regulator with 
the authority to secure a fair balance between Government, consumer, and non-public sector 
partners.  The aim is to secure comprehensive and economical provision of services to 
customers.  This function may be undertaken by a WSA itself, effectively combining the WSA 
and WSP functions, but all too often regulation is ineffective due to lack of capacity.  There are 
detailed variations, often associated with private sector participation at one level or another.  
For example, in Chile, and in England and Wales, PSP has been introduced at the WSA level, 
and there is strong national regulation that includes at least the regulatory components (water 
resources: surface and groundwater regulation, including discharge control) of Water 
Resources Board functions, as well as those of direct service delivery. 

For regulatory purposes, the provision of water services is conveniently divided into the 
following components or process units: 

• Water resources, supply (and treatment); 
• Water distribution; 
• Revenue collection and customer care; 
• Wastewater collection; 
• Wastewater treatment, effluent discharge and sludge disposal. 

 
To be effective, regulatory frameworks must cover all these components.  In England 

and Wales, for example, there are three public sector regulators: (a) OFWAT (covering tariffs 
and standards of service to customers for all process units); (b) the Environment Agency 
(covering water resources and effluent discharge); and (c) the Drinking Water Inspectorate 
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(responsible for drinking water quality control).  In Chile, too, environmental regulation is 
carried out separately from economic and direct customer service regulation.  

As water services develop, generally at the more or less local level, country by country, 
the need to establish a unified higher level regulatory system becomes progressively more 
important, in order to secure consistency of standards, procedures and best practice, and to 
facilitate optimal effectiveness and economy in planning, technical operation, administration, 
and revenue collection.  This applies whether not there is significant high-level participation by 
the private or civil society sectors.  The nationally or regionally applied regulatory framework 
must be transferred faithfully and consistently, either directly or indirectly, through a lower 
level public authority as a binding contract for the public, private, or civil society service 
provider, at whatever level he is engaged for the provision of services to the specified 
standards and performance measures.  The appropriate level of detail with which this is done 
will vary with circumstances; however, as a rule, the private sector will perform better with 
output-based specifications, while the public sector and civil society may require technical 
specifications to be provided in greater detail. 

Water resources are especially important where there are general or local shortages in 
relation to demand, or the region is prone to drought.  This is commonly the case in any large 
conurbations that do not have access to a large watercourse.  In these circumstances water 
resource regulation is a key consideration, requiring a strong technical as well as a sound 
economic foundation.  Where water resource regulation is being newly established, it has been 
common practice to issue “licences of right” to existing abstractors, with all new abstractions 
subject to technical appraisal to cover both quantitative and qualitative aspects.  Licensing of 
effluent discharge is another area of key importance, particularly from the qualitative point of 
view.  

The importance of these particular regulatory roles, which encompass water resource 
management involving WSAs and WSPs, private abstractions and discharges, and multi-
functional use for agricultural irrigation and electricity generation, suggests separation of this 
role into an independent body, generically a Water Resources Board (figure 4).  In some 
countries, this type of body also takes on a high-level service provision role in relation to 
physical river and groundwater regulation, raw water storage and bulk transmission, as well as 
the often important water-related services of navigation, land drainage and flood protection.  If 
a water resource management service is provided by a separate Water Resources Board in this 
way, it is important that the service be reliable and efficient (a matter for the attention of a 
national regulator).  It is also essential that real cost components be passed on to the main 
Water Services Provider, if only to secure a balanced economic approach to non-revenue water 
and revenue recovery.  If the bucket is leaking, there is limited value to be gained from 
increasing its size! 

The basic elements of a comprehensive regulatory system comprise adequate and 
reliable definition of the following aspects: 

 
(a) Water resources: Important in all water resources-sensitive areas, as discussed 

above; 
(b) Service area and urban/rural boundaries, which will be established within the 

institutional and legal framework discussed above; 
(c) Service coverage timescales in water supply, sanitation and effluent treatment; 
(d) Service standards: The full range of services to be covered is discussed in chapter 

IV; 
(e) Water quality standards: These include water supply quality standards ultimately 

and effluent quality standards laid down country by country; 
(f) Customer care standards and consultation procedures (see chapter IV); 
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(g) Tariff structures and fixing procedures (see chapter IV); 
(h) Cost recovery procedures (see chapter IV); 
(i) Inflation and currency devaluation procedures; 
(j) Benchmarking of the physical and financial performance of service authorities and 

providers; 
(k) Reporting procedures; and 
(l) Special requirements for the poor. 

 
If service provision is carried out directly by local authorities, municipalities, or other 

regional/provincial public sector authorities, the lack of regulatory oversight (which is more 
common than not) may lead to a number of unfortunate outcomes within the overall national 
scene, such as:  

• Inappropriate variations in standards of service; 
• Unfortunate variations in performance against standards; and 
• Inconsistency in the design and implementation of tariff structures, which may be 

of particular disadvantage to poor and vulnerable communities.  
 

The limited success of attempts to resolve these types of problems by old-style central 
or regional regulation, which does not have the assistance of commercial disciplines to give it 
the teeth that it needs, is one of the important reasons for introducing private sector 
participation.  This places service delivery at arms length from the Water Service Authority 
and requires the introduction of an independent professional regulator, preferably at the 
national level, or at least under strong national guidelines, to monitor service levels and fix 
tariffs on an equitable basis for customers and the company. 

Within any regulatory regime, it is important that there is scope for periodic review at 
predetermined intervals of, say, every five years or more frequently at the request of either 
party.  This enables a government, through the regulator, either to determine new higher 
standards of performance in terms of customer or environmental standards or to insist upon 
higher efficiency, and for any unforeseen relevant changes of circumstance to be taken into 
account where these are liable to upset the economic equilibrium of the business.  The outcome 
of a periodic review will consist of the adjustment of performance standards and tariffs.  The 
result will be a balance between the effects of rising standards versus that of the imposition of 
improved efficiency targets. 

 
Private sector participation 

 
An extremely effective and increasingly common mechanism, either as a permanent 

public sector arrangement or as a step towards the ultimate privatisation of service provision, is 
that of corporatisation, which, within a multi-functional authority, is usually preceded or 
accompanied by ring fencing of water services. The corporatised entity is managed 
professionally at arms length from the policy and strategy that it is required to implement, with 
a financial structure that would normally look for cost recovery within the business, subject to 
any debt relief, capital financing, or targeted subsidy that may be provided from a higher level 
of government.   

An adequate legal framework that empowers the relevant authorities to develop PSP is 
essential.  However, this cannot be relied upon to force through reform.  First, any expansion 
of PSP in the water services sector depends on essential political support at all levels. Such 
support has to be created by governments in a transparent consultative process that articulates 
the reasons for engaging the private sector at a higher level in water service provision, 
including the advantages to consumers, employees, and all the major stakeholders. 
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Uncertainties in this area increase the cost of capital and the level of risk to the private sector, 
ultimately increasing price to the end users and potentially destroying much of the benefit of 
employing the private sector in the first place. 
  The relationship between the public sector regulator and any public or private sector 
service provider(s) should itself be one of partnership, but all too often it has proved in practice 
to become adversarial, especially where the private sector is concerned.  To get the right 
balance requires highly developed professionalism on both sides.  This means finding a way of 
adequately rewarding the regulator, who is acting on behalf of the Government in a role of key 
importance, and securing adequate capacity in the service provider.  

Particularly if there is PSP, the regulator must have a relationship with Government that 
allows his professional judgments to prevail without undue political interference, and both the 
regulator and private sector operator must have an appropriate and responsive relationship with 
customers.  None of these elements is easily achieved.  In general, the regulator needs to be 
adequately independent of the government, both to allow sufficient remuneration and to give 
him the authority to interpret and implement government strategy and policy in a fair and 
equitable way without direct political interference.  As far as service to the poor is concerned, 
their interests must be built into the contractual and regulatory framework, particularly in terms 
of coverage, standards, and tariff structure. 

If there is PSP, regulation often manifests itself as a contractual imposition.  One of the 
important advantages of private sector participation and partnership is that it should force the 
introduction of consistent standard definitions and tariff structures.  The options in terms of 
scope and type are well rehearsed, ranging through parts only of the water cycle, in which case 
physical and financial boundary conditions are important, to operation and maintenance 
contracts, franchises, management contracts, BOTs, concessions, and divestiture.  International 
operators, as a matter of course, normally have a portfolio that includes all types and scopes of 
business. The choice is for the prospective public sector partner, and depends on national and 
local circumstances. 

There has been considerable debate, some of it quite acrimonious, over the involvement 
of the private sector in water supply at any level other than service contracts of limited scope. 
Often this has been against the background of promotion of PSP in developing countries by the 
World Bank and some bilateral donors on the one hand, and doctrinaire opposition by trade 
unions and their federations and some NGOs on the other. This has led to a number of 
important studies that have sought to present an unbiased assessment of the benefits of PSP, 
often with particular reference to the effects on services to the poor and disadvantaged. 

The conclusions that can be drawn from the debate cover several different areas: 
 
(a) 

(b) 

(c) 

(d) 

(e) 

The need to secure adequate regulatory capacity in the public sector, together with 
adequate and reliable information requirements; 
The need to engage only suitably qualified and experienced private sector partners, 
CBOs and NGOs; 
The importance of securing community participation, more especially 
representation of the particular needs of the poor and disadvantaged; 
The tendency for pure commercial concepts to dominate, often at the expense of the 
poor and disadvantaged; and 
The need for a clear understanding of the independent regulatory role, which may 
only prove to be feasible in the context of good governance. 

 
The strengths of the private sector in water service delivery are not due to some kind of 

innate superiority.  They arise from the commercial and competitive disciplines and pressures 
that unfailing produce the beneficial characteristics of private sector operations.  The survival 
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of a private sector company in the market place depends on achieving specified outcomes such 
as those described below: 

(a) The private sector must deliver services that meet the time and quality 
specifications, both in terms of day-to-day management and development; and 

(b) The private sector must be efficient, which means both optimizing costs and 
maximizing all legitimate income.   
 

Because of these strengths, a well-conceived partnership is going to bring advantages of 
(a) service reliability, effectiveness in meeting timescales and standards, and (b) costs in terms 
of a comparable service delivered by the public sector alone, that is, without partnership.  It is 
difficult to underestimate the challenge represented by the Millennium Goals and the 
Johannesburg Declaration, and the implications of achieving an even-handed nationwide 
service.  Although the ultimate responsibility for securing water services for a country’s 
population lies with a Government, this cannot be taken to mean that the public sector itself 
must deliver that service by acting alone.  In practice, this hardly ever happens. Few would 
suggest that any one sector has the strengths to achieve these goals and targets alone. 
 

Table 2.  Key performance indicators and measures 

Key performance indicator Measure 

1. Water service   

1.1 Connections Percentage of population connected in company 
area 

1.3 Proportion of coverage 
area receiving 24-hour 
uninterrupted water 
supply 

Customers’ hours with 24-hour water availability 
(per cent) total customer hours 

1.4 Pressure > 10 m  Customer hours at pressure as percentage of total 
customer hours 

1.5 Drinking water quality Compliance with Water Quality Index (per cent) 

2. Sewerage service   
2.1. Connections Population connected in company area (per cent) 

3. Sewage treatment  

3.1. Coverage Sewage treated to at least primary standards (per 
cent) 

3.2. Effluent standards Compliance with satatutory limits (per cent) 

4. Customer service   
4.1. Customer service 

complaints  
Number of customer service complaints per 1,000 
customers 

4.2. Customer billing 
complaints  

Number of customer billing complaints per 1,000 
customers 

4.3. Response to customer 
service complaints 

Service complaints resolved and communicated 
within service level (per cent). 

4.4. Response to customer 
billing complaints 

Billing complaints resolved and communicated 
within service level (per cent). 

 
Performance monitoring and review 

 
From the very outset of simple water and wastewater system implementation, it is 

important to have in place some form of basic measure of performance and success.  Some of 
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the most important areas that should be subject to measurement and management targeting 
include: (a) non-revenue water; (b) the collection rate; (c) the number of staff per connection; 
and (d) the unit cost of water delivered to customers. 
  The other important area for standards and performance measurement is customer 
service.  A basic system would include the parameters listed in table 2.  The extent and detail 
of service standards can and should be adjusted to suit the circumstances, being less in number 
and simpler for basic systems, and steadily increasing in complexity as the systems themselves 
are developed and are taken into account in periodic reviews.  Table 2 provides a checklist for 
selection only. 
 
 
IV.  PRACTICAL POLICIES AND SOLUTIONS 
 

Having recognized the importance of ensuring effective frameworks are in place within 
which efficient water and sanitation services can be provided, the next step is to develop and 
promulgate practical policies and solutions within those frameworks.  Such policies and 
solutions must address each of the many aspects of the challenge to provide improved services 
to as many people as possible in the shortest possible time as well as ensure at least even-
handed progress among disadvantaged and vulnerable communities.  The main areas that 
require concerted attention in the design of the programme, in order to secure long-term 
success, can be conveniently categorized as follows: 

• The establishment of effective structural and strategic frameworks; 
• The derivation of a realistic target regime; 
• The involvement of communities, including the disadvantaged and vulnerable, in 

the decision-making process; 
• Design of scope of service and technical options; 
• Agreement on sustainable tariff structures; 
• Negotiation of funding arrangements; 
• The determination of revenue recovery principles and credit procedures; 
• The definition of procurement policies; and 
• A review of human resource, maintenance and administration procedures. 

 
Structural and strategic frameworks are included here for the sake of completeness, 

although they have already been considered in chapter III.  They transcend policy initiatives 
and practical solutions, and must inevitably take precedence in both time and content.  They 
must, however, be fit for the purpose; that is, designed within the context of a good 
understanding of the issues as well as the nature of the policies and solutions that are likely to 
materialise.  They must also be sufficiently flexible to allow a response to particular problems 
and difficulties that may arise during more detailed planning and implementation, should it 
prove advantageous in terms of either efficiency or effectiveness to introduce modifications. 
 
Target regime 
 

Nationally-based coverage targets will need to be disaggregated to the local level, as an 
iterative process against local plans.  The determination of the relative timescales of service 
provision at the provincial/regional and local levels across the national scene is politically 
sensitive.  Thus, consultation will be necessary with the WSAs and any lower level public 
authorities as well as the communities concerned.  The starting point should be as objective as 
possible, using criteria similar to those listed in the following paragraph as key outcomes.  
WSAs can be expected to draw up plans on this basis, in consultation with local communities 
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and their political representatives. It will remain for the relevant government department to 
aggregate such plans and monitor them against national targets. The resultant target regime 
must be incorporated directly into the relevant regulatory requirements, and directly or 
indirectly into any relevant contractual terms. Separate targets should be considered and may 
be required for securing even-handed progress on water supply and sanitation services among 
poor communities.  

Consideration should be given to targeting selected key outcomes in quantified terms, 
taking into account the particular circumstances in the country concerned, in terms of both 
service levels and the types of individual and community benefit, as well as the health-related 
risks and the benefits to the environment, all of which are detailed elsewhere. Examples could 
be: 

• A reduction in the incidence of diarrhoeal disease; 
• A reduction in the number of hospital beds occupied by patients with 

water-related diseases; 
• Increased school attendance rates; 
• A reduction in unit cost per household of water services; 
• An increase in average water consumption; 
• The quality of local watercourses with regard to downstream use for 

water supply. 
 
Community participation 
 

Proposals must be drawn up for community consultation and participation in the 
various stages of water and sanitation projects, from inception through implementation to long-
term administration and maintenance.  These will normally include the use of mechanisms 
such as focus groups, discussions with local communities and specialist interest groups 
(including women’s groups) plus interviews with a stratified cross-section of householders.  In 
addition to considering the design, nature and location of local infrastructure and the details of 
revenue recovery arrangements, there are other choices to be made at a more strategic level 
such as the extent of any cross-subsidization or absolute subsidy, the form of tariff structure, 
and ways and means of securing investment capital.  All these strategic decisions must take 
into account the circumstances at the customer level and the opinions expressed by prospective 
customers, if sensible and sustainable choices are to be made. 

Consultation on the nature of the infrastructure itself will include discussion of 
standards, locations of service delivery points, details of the service delivery itself such as the 
tapstand or household connection, and the toilet structure and facility as well as the means of 
disposal.  Likely costs must be covered in some detail, and topics should include: 

 
(a) 
(b) 
(c) 
(d) 

(e) 
(f) 

A discussion of entry costs for both water and sanitation; 
Additional costs associated with downstream plumbing; 
The means of measurement or assessment of consumption; 
The amount of water likely to be used and the realistic cost implications for the 
household; 
Any means being offered for controlling demand; and 
The proposed billing and revenue collection arrangements, together with revenue 
recovery procedures. 

 
The utilization of water for commercial enterprise and development of all types is also 

important, including basic subsistence cultivation through to small commercial service 
businesses (such as launderettes and hairdressing saloons) to more industrial businesses (such 

 69 



as panel beating and tool manufacture).  The community will be interested in local 
employment prospects and any proposals to utilize community labour on a self-help basis.  It is 
important, however, to phase these consultations and educational interventions carefully in 
order to avoid prematurely raising expectations and to achieve the full integration of all aspects 
of the new or improved service provision.  
  Where necessary, even for a small proportion of the community, proposals for health 
and hygiene education must be drawn up together with guidance on the avoidance of waste and 
undue consumption. It is sensible to introduce, encourage and, if possible, sponsor health and 
hygiene educational and awareness programmes, as well as adult training and other community 
projects, in areas newly provided with water services. The key objectives of the education and 
awareness programmes would be to: 

 
(a) 
(b) 

(c) 
(d) 
(e) 

Raise awareness of good sanitation as well as health and hygiene practices; 
Educate residents on what water service options are available to them, so that 
informed choices can be made; 
Raise awareness of water service delivery, billing, and payment; 
Raise awareness on the need to pay for water; and 
Educate customers on efficient and effective use of water. 

 
A basic course would cover the basic value, benefits and scarcity of water, hygiene and 

health, sufficiency and costs, efficient and effective use of water, and good husbandry.  The 
community can be influenced by teaching school children, through whom this kind of 
information reaches parents more effectively than by more direct means. 
 
Scope of service and technical options 

 
The scope of the services to be provided may be conveniently considered in terms of 

the following processing units: 
• Water resources and treatment; 
• Water distribution networks and outlets; 
• Local sanitation facilities; 
• Local wastewater treatment facilities;  
• Wastewater collection networks;  
• Wastewater treatment; and 
• Sludge disposal. 

 
Of the six processing units, water distribution and local sanitation facilities constitute a 

basic customer service.  The need for additional processing units will depend on water 
resources, and environmental circumstances, strategies and policies.  The selection of these 
options, which must take into account affordability, will have an impact on the quantity of 
water used and, consequently, on the need for water resources and treatment, and local 
wastewater treatment facilities or wastewater collection networks.  If the latter are provided, 
depending upon the scale of the operation and local environmental conditions, wastewater 
treatment and sludge disposal facilities are likely to be required in the longer term.  Table 3 
provides figures that can be used as a guideline on the possible per capita consumption of 
water with varying service standards. 

These choices have to be made very carefully, preferably with the assistance of an 
operational and financial model, which takes into account all the parameters that combine to 
determine the cost to householders of the type of service offered, and its water resource and 
environmental implications. 
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Table 3. Typical water supply consumption figures for varying standards of service 
 

Description Typical consumption 
Water collected from a protected spring, borehole or 
similar source situated more than 200 m away, ventilated 
improved privy sanitation 

10-30 litres per person/day 

Water collected from communal tapstands situated within 
200 metres of homes, ventilated improved privy sanitation 

30-50 litres per person/day 

Yard tap with ventilated improved privy or dry sanitation 50-80 litres per person/day 
Yard tap with water-borne sanitation (mid-block or street 
front) 

100-150 litres per person/day 

Internal services including water-borne sanitation (mid-
block or street front) 

140-200 litres per person/day 

 
Tariff structures 
 

As a general guideline, the World Bank and other financial institutions have suggested 
that household outgoings for water services should not normally exceed 4 per cent of total 
household income, although within this norm the impact on any existing tariff structure and 
rates must be considered.  This guideline percentage is ultimately a matter for consideration in 
each national context.  For all but the most basic improved service standards, full cost recovery 
in developing countries is going to require either subsidies or cross-subsidies.  The range of 
any cross-subsidy should, however, reduce with growth in the economy; although it can only 
do so if the poor benefit from growth under progressive government policies.  An alternative to 
a cross-subsidy is a system of direct subsidies to poorer people who would otherwise pay more 
than the norm as a percentage of household income.  However, maintenance of this kind of 
system is a problem and the intrusive requirements may be considered too bureaucratic, unless 
the essential data collection and maintenance procedures are already in place for other reasons. 

There are a number of options available for structuring tariffs in favour of poorer 
sectors of the community.  In general, tariff structures will need to distinguish between users in 
the domestic, industrial and commercial, and institutional sectors.  Further sub-sectors are 
possible.  This type of basic sectoral categorization immediately provides an obvious means of 
cross-subsidy.  A further obvious method of cross-subsidy is a “rising block” tariff, usually for 
domestic customers only.  This may incorporate a band of free or very inexpensive water use 
that is sufficient to meet basic needs, with progressively increasing tariffs for higher usage 
bands.  This rising block type of cross-subsidy has the benefit of encouraging water 
conservation by higher users, and may be preferred as a component of tariff structure on these 
grounds alone, more especially in circumstances of scarce water resources. 

The other common variation of the cross-subsidy concept is to differentiate tariffs by some 
sort of measure of ability to pay. The Jakarta concessions are an instructive and rather extreme 
form of this type of cross-subsidy. Alternative means of differentiation are feasible such as, for 
example, a system based on the number of separate water supply outlets into the home, or a 
“ratable value” based system.  

The disadvantage of any form of cross-subsidy can be that, if income at the lower end 
of the scale is too restricted, tariffs at the upper end become unsustainable for commerce, 
industry and other users of large amounts of water.  This may lead to claims that industry is 
being treated unfairly and that economic growth is being impaired by high costs to industry 
and commerce.  Another potential effect is that users of large amounts of water may turn to 
alternative private sources, usually local groundwater.  This may ultimately require water 
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resource regulation if it begins to affect groundwater levels or quality, as has happened 
historically in London, and currently beneath the city of Manila. 

A further aspect of cost to consumers, which if neglected can only imperil 
comprehensive service provision, is entry costs.  These fall into two categories: 

• Entry costs that are clearly the responsibility of the service provider, but which are 
commonly passed on to the user at the time of connection to the water and/or 
sanitation service; and 

• The further cost of plumbing downstream of the reception point (water supply) and 
upstream of the discharge point (sanitation).  

Poor and disadvantaged communities may be unable to afford the connection charges 
and/or the cost of essential plumbing infrastructure, which includes toilet pans, basins, and 
baths as well as pipe-work; or they may fail to understand the importance of adequate internal 
plumbing facilities, which is a matter for hygiene education.  
 
Revenue recovery and credit procedures 
 

The following principles are important: 
(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

Service levels provided need to be in accord with affordability of the community 
served; 
All individual household connections should be metered, and standpipes fitted 
with conservation devices to prevent abuse. Standpipe areas should be bulk-
metered only; 
A thoroughly disciplined approach is essential for all parties, municipality, and 
community, including:  

(i) The provision of services to the appropriate standard; 
(ii) Cost recovery; 
(iii) The optimization of waste and prevention of undue consumption; and 
(iv) Accuracy of billing in order to optimize the use of available resources. 

Water services should be provided at consistent standards to individual 
households, and at the same standards to all households in the same community. 
Upgrading, where feasible, will be an option at cost to individual householders, 
and the appropriate network capacity should be provided from day one; 
Service cut-off should be the ultimate sanction where customers interfere with the 
water supply system, but contingency standpipe supplies should be available to 
provide such customers with an, albeit inconvenient, basic service.  New 
technological devices to control water consumption should be considered as an 
intermediate sanction once considered proven, technically, at an affordable cost; 
If there is a water supply connection charge and customers must pay for the 
lateral connection, these entry costs also must be affordable and understood by 
customers as well as subject to appropriate planned payment terms; and 
Efficiency as well as effectiveness should be a key goal in service delivery. 

 
In summary, there should be transparently planned progress over a number of years 

towards full cost recovery (after allowance for any grants, or subsidies or capital injections, all of 
which should be clearly targeted towards the poor) of a minimum acceptable service level – a 
combination/summary of the above seven points.  These principles and the foregoing outline 
acknowledge that the number of clients requiring first-time service or service upgrades is large, and 
resources are likely to be limited. 
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Procurement policies 
 

An important component of achieving the essential political acceptance of progress 
towards greater efficiency and the introduction of PSP will be the human resources policies 
that must be thought through carefully and built into all types of contracts from the provision 
of local goods and services to concession and other types of high-level PSP.  This may 
incorporate, for example, the use of local or in-country labour, including the funding and 
implementation of any necessary training packages to make this possible.  This is of particular 
significance to the poor, disadvantaged and vulnerable, for whom special arrangements must 
be made. Use of local subcontractors and suppliers may also be mandated, provided this does 
not imply significantly higher costs.  Utilization of the community, under skilled supervision, 
on a self-help basis with suitable reward mechanisms is another useful approach. 

In order to achieve some of the efficiency benefits of PSP, it is often necessary to allow 
the private partner to shed labour.  To the extent that this cannot be taken up by the non-core 
activities that the private sector partner may be allowed to develop (for example, industrial 
effluent treatment or rural water services), provision must be made, in consultation with trades 
unions and prospective private operators, for acceptable severance terms that should include 
assistance with onward placement.  Costs should preferably be met from within the overall 
transaction (for example, from any concession fee or revenue income), and the obligations 
upon the private partner clearly laid down in the contract documentation. 

Where private sector participation is determined, except in minor engagements at the 
local level, there is no substitute for a sound, transparent, and equitable competitive bidding 
process, which depending on the level and type of involvement, may have a significant 
qualitative element.  At the very least, this can be used to determine bids that are close in 
financial terms and to reject outliers.  Pre-qualification of bids is an important part of sound 
procurement policies as it ensures that only suitably experienced and financially sound 
companies are invited to take part in the final tendering procedure. It has the secondary but 
very important advantage of attracting well-qualified participants in the process. 

A sound and equitable bidding process presupposes the satisfactory implementation of 
all aspects of the various frameworks described in chapter III, and especially the capacity for 
the contract to be managed professionally by the services authority, the regulator or services 
provider, as applicable.  For contracts other than service contracts and simple management 
contracts, the engagement of a reputable transaction advisor, with technical, economic and 
financial experience and expertise, is likely to be necessary in order to secure well-structured 
tender documents. 

Equitable competitive bidding must be secured and never compromised by post-award 
deals or negotiations that effectively negate the original competitive bidding process, for 
nothing destroys the concept and benefits of equitable competitive bidding more thoroughly 
than any potential, or even expectation, of early post-contract renegotiation of critical 
contractual terms such as prices and tariffs.  The aim should be to minimize any post-contract 
negotiation prior to the first periodic review.  This requires clear, unambiguous specification of 
all key targets and outcomes of the contract, against which performance will be judged, and 
payments and any other financial transactions including bonuses will be calculated, or 
penalties applied. 

Apart from and consistent with these polices, there is need for true partnership and 
collaboration between governments, civil society, and the private sector in addressing the 
challenge of the goals in the water sector.  Contracts that turn into adversarial matches are, at 
best, inefficient and, at worst, ineffective, and will have an adverse impact upon all 
stakeholders.  The relationship between partners must be worked out and maintained on a 
professional basis, with each keeping to obligations and best practice.  
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Management and operations 
 
 At the operating and management level, the two key high-level requirements for 
achieving successful water systems are the operation and maintenance of the infrastructure and 
the collection of revenue, with the latter including the whole key area of customer care.  Both 
operations need to be carried out effectively and efficiently.  Failure in operation and 
maintenance renders the service unreliable and may destroy many of the benefits that the 
system was designed to provide.  Failure in revenue collection threatens the financial 
sustainability of projects, bringing with it the classic vicious circles of low income leading to 
bad service and discontented customers, poor rewards and low staff morale, and hence higher 
tariffs and dependence upon subsidies as well as progressively poorer consumer service and 
customer care.  All these adverse developments give rise to even poorer payment levels and 
still lower income.  Inefficiency in either area may increase costs or, in the case of revenue 
collection, reduce income, again putting the sustainability of the service at risk.  
 Perhaps the best quantification of overall efficiency of a water business is the level of 
non-revenue water (NRW), or specifically unaccounted-for water (UfW), where  
 

NRW = Volume of water distributed from source – volume of water billed. 
UfW = NRW – free water. 

 
 The value of NRW or UfW for an individual water supply system represents a 
combined measure of the efficiency and effectiveness of distribution infrastructure operation 
and performance on the one hand (physical losses), and revenue collection performance on the 
other, hence its importance as an overall performance measure.  Since wastewater systems are 
normally paid for in accordance with measured water delivered, wastewater revenues are also 
affected.  A supplementary measure of importance, the effects of which are additional to 
NRW, is the collection rate, that is, the ratio of the billed sum to the amount collected on an 
annual basis.  For example, an NRW of 60 per cent and a collection rate of 80 per cent will 
lead to a theoretical revenue shortfall of 68 per cent.  Values of NRW below 20 per cent 
represent excellent performance, while anything above 40 per cent requires urgent attention 
and figures of over 60 per cent represent unacceptable performance that is likely to seriously 
threaten the financial viability of almost any project and its long-term sustainability. 
 

Figure 5.  Analysis of unaccounted-for water 
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Figure 5 displays the various different contributors to unaccounted-for water (UfW), 
which, as a concept, excludes water delivered deliberately and legally free of charge, but which 
is nevertheless measured and accounted for.  There are three main contributory categories of 
UfW: (a) production measurement; (b) physical losses; and (c) commercial losses. 

In terms of revenue loss, bad debt is a further contributor over and above UfW.  All of 
these factors, except production measurement, ultimately contribute to increased costs and/or 
loss of revenue.  Errors in production measurement distort the data for UfW and should be 
avoided in order not to mask or exaggerate the quantity of UfW that has to be dealt with. 
Hence, all distribution inputs should be measured, and the meters maintained and regularly 
calibrated in order to provide continuously accurate data.  Physical losses consist of water that 
enters the distribution system at source or the treatment plant but is not delivered to customers. 
This is mostly in the form of leakage anywhere upstream of the customer revenue meters, but 
could include, for example, reservoir overflow.  Commercial losses consist of water that is 
delivered to customers but, for one reason or another, not billed.  It may be divided into meter 
under-registration, billing losses, subdivided as displayed in figure 5, and any unmeasured 
“excess” water consumption (by customers who are not metered) that is in excess of the 
quantity assumed in the UfW calculation.  

The package of measures to be implemented in response to high levels of NRW and 
low collection rates depends on the relative contributions of the various causes.  They may 
include more than one of the following measures: 

• A review of the measurement of water distributed from source; 
• A review of the billing system and customer database; 
• A review of revenue meter population and rehabilitation/replacement as necessary; 
• A leakage investigation and distribution repair/replacement programme; 
• Field investigations of illegal connections and other irregularities; and 
• More rigorous debt collection and much greater attention to fraud. 

 
These activities are greatly facilitated by the physical division of the network into 

discrete areas comprising between 1,500 and 2,000 consumers.  The amount of water delivered 
into each sector is measured by bulk meters so that a regular estimation of the quantity of UfW 
is available for each meter reading cycle.  Dividing the network into sectors not only allows the 
problems of physical leakage to be addressed systematically, area by area, but also enables 
action to be taken on the various forms of commercial loss.  

The other highly significant area is the management of human resources.  In the first 
instance, it is often the case that utilities worldwide attract large numbers of staff who may 
work inefficiently and ineffectively due to a lack of the necessary skills and training.  This 
seriously degrades the levels of service to customers and, coincidentally, increases the costs to 
the undertaking.  Rewards need to be sufficient to attract staff with the essential qualities, that 
is, people who have the management and technical experience and skills appropriate to their 
level of responsibility in the organization, and who have been trained to deal with the particular 
issues of the water and wastewater business.  Where, in the interests of efficiency and 
effectiveness, it is necessary to reduce or replace staff, suitable compensation packages are 
important, especially as they are accepted by trade unions and employees in prior negotiations, 
and ultimately funded from the overall balances in the business as part of the costs of 
improving overall effectiveness and efficiency.  Adequate training to provide essential 
technical and financial skills and knowledge in their role as service providers to customers, 
taking into account the special needs of the poor and disadvantaged, are of prime importance. 

Finally, it is essential that adequate attention and competent resources are applied 
continuously to the maintenance of water quality at consumers’ taps, and of effluent quality for 
discharge to the environment, where applicable. 
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For water supply, this is a matter of operating treatment processes for surface derived 
supplies at a consistently high standard to secure basic parameters such as turbidity, residual 
chlorine and coliform counts at treatment plant outlets.  For both surface and underground 
derived supplies, disinfection, usually by chlorine, must be applied at entry to the distribution 
system at a rate which is sufficient to secure residual chlorine and coliform standards at the far 
ends of distribution systems, which often serve poor communities.  Regular monitoring of 
samples, at least for turbidity and chlorine residual, taken at the customer taps or other outlets 
in the distribution system provides for control of chlorine dosage, as well as indication of the 
need for action to secure quality of water in distribution. 

Periodic monitoring of other drinking water quality parameters against internationally 
recognised standard is essential in order to identify longer term problems such as arsenic or 
other contamination in the raw water, which is generally not removed by ordinary treatment 
processes. 

The overall effectiveness of the business must be measured against the service 
standards laid down (see chapter III), a suitable selection of which should be used in 
accordance with the circumstances. 

 
 

V.  CONCLUSIONS 
 

On 26 November 2002, the United Nations Committee on Economic, Social and 
Cultural Rights affirmed that access to adequate amounts of clean water for personal and 
domestic uses was a fundamental human right of all people, and commented that “the human 
right to water entitles everyone to sufficient, safe, acceptable, physically accessible, and 
affordable water for personal and domestic uses.”  This recent definition of water as a human 
right emphasizes government responsibilities in the water sector.  Apart from the direct 
obligation, improved water services reduce poverty and increase economic growth.  

An estimated 668 million people in Asia and the Pacific lack access to safe drinking 
water, while an estimated 1,888 million lack adequate sanitation, representing 18 per cent and 
52 per cent of the region’s population, respectively.  These numbers, quantified within the 
Millennium Development Goal statistics, are of immediate relevance to this publication.  They 
represent 6 per cent and 22 per cent, respectively, of the total urban population of Asia and the 
Pacific.  Because both population and urbanization are expanding, it is estimated that the urban 
population will increase by 569 million over the next 15 years, thus adding to the potentially 
unserved populace by 2015.  Almost all the currently unserved are living in poor, vulnerable or 
disadvantaged communities, whose needs are particularly brought into focus by the designation 
of water as a fundamental human right. 

In the Millennium Declaration 2000, Governments across the world pledged to “reduce 
by half the proportion of people without sustainable access to safe drinking water” by 2015. 
The Johannesburg Summit Declaration of September 2002 (the World Summit on Sustainable 
Development) called for water supply goal to be extended to include sanitation.  In simple 
numerical terms, over Asia as a whole this implies that improved water and sanitation services 
should be provided for an additional 40 million people each year, or more than 100,000 people 
each day for the next 15 years.  This represents a highly significant challenge. 

The internationally agreed targets for improved water services are clear.  In many 
countries in the Asian-and Pacific region, there is a need to review the present situation in 
order to quantify the nature and extent of the national challenge.  Realistic targets and 
timescales need to be specified within each national context, and workable institutional and 
strategic frameworks established where this has not already been done. Financial and 
regulatory frameworks must follow, facilitating the definition of practicable policies and 
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solutions, and aimed in particular at the vulnerable and disadvantaged, in order to address this 
prime feature of poverty and reduce inequality generally.  

Key responsibilities for securing water services must be accepted by governments at the 
national, regional, and local levels as appropriate.  As a minimum agenda, these must include 
the following areas of potential development and reform, which are of vital significance and 
importance: (a) institutional and legal frameworks; (b) financial frameworks; (c) regulatory 
and contractual frameworks, and PSP; and (d) performance monitoring and review within these 
frameworks. 

In many developing countries, the majority of potential new customers are likely to 
come from the poor, vulnerable, and disadvantaged sectors.  In order to secure the interests of 
the poor, it is essential that the frameworks established for the provision of water services are 
specifically designed to address the needs of poor and disadvantaged communities. This must 
lead to strategies, policies, regulatory regimes, and contracts that do the same.  This is likely to 
involve requiring adequate consultation procedures and high standards of customer care, 
securing coverage targets that ensure the poor are reached progressively and even-handedly in 
terms of time and affordable standards. Minimum standards need to be set at affordable levels, 
sufficient at least to meet the basic requirements for quantity and quality that will achieve the 
health, environmental, and quality of life benefits.  Cross-subsidies in favour of the poor are 
essential in many circumstances, together with sensitive but effective payment and revenue 
recovery procedures. 

The main areas of policy requiring concerted attention in the design of a national 
programme may be conveniently categorized as: 

• Involvement of communities, including the disadvantaged and vulnerable, in the 
decision-making process; 

• Design of scope of service and technical options; 
• Agreement on sustainable tariff structures; 
• Negotiation of funding arrangements; 
• Determination of revenue recovery principles and credit procedures; 
• Definition of procurement policies; and 
• Review of human resource, maintenance and administration procedures. 

 
This publication addresses the above aspects in some detail, with the aim of informing 

governments at the ministerial and senior executive levels of the route to success in the 
provision of adequate and improved water services to their citizens, with special reference to 
poor and disadvantaged communities.  This represents a huge challenge for governments, since 
it requires dedicated and concerted initiatives at all levels in government, civil society, and the 
private sector, as well as skill and dedication among professional and technical staff at all 
levels.  All those who become involved in this life-saving enterprise will want to be informed 
of the overall picture as well as able to exercise their particular skills in the area for which they 
are responsible. 
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TECHNICAL APPLICATIONS 
 

FILTER TECHNOLOGY: INTEGRATED WASTEWATER IRRIGATION AND 
TREATMENT, A WAY OF WATER SCARCITY ALLEVIATION,  

POLLUTION ELIMINATION AND HEALTH RISK PREVENTION 
 

Cheng Xianjunγ, Gao Zhanyiγ, N. Jayawardaneα, J. Blackwellα, T. Biswasα 
 
 

Abstract 
 

The use of urban wastewater in agriculture is a widely established practice for 
alleviating water scarcity situations and reducing or even eliminating the purchase of chemical 
fertilizers.  However, unregulated irrigation with untreated wastewater poses serious public 
health risks, as sewage is a major source of excreted pathogens that cause gastro-intestinal 
infections in human beings.  Wastewater may also contain highly poisonous chemical toxins 
from industrial sources that may cause much more serious health risks in the long run.  Reuse 
after proper treatment is normally recommended as the main solution of preventing health 
risks.  Unfortunately, because of the high cost of engineering plants, most cities in developing 
countries do not have sufficient wastewater treatment capacity, and the perspectives of the 
capacity increasing in these cities are bleak.  Planned and regulated wastewater irrigation 
with crop limitations and proper irrigation methods (for example local irrigation) may prevent 
the health risks to some extent.  But, for a given territory, it is often impossible to limit the type 
of crops to be grown. 

In this paper, we introduce the FILTER (Filtration and Irrigated cropping for Land 
Treatment and Effluent Re-use) technique, an improved land treatment technique developed at 
CSIRO of Australia and tested both in Australia and China.  FILTER combines the use of 
nutrient-rich wastewater for intensive cropping with filtration through the soil to a subsurface 
drainage system, thus has the capacity to handle high volumes of wastewater in a relatively 
small land area and during periods of low cropping activity or periods of high rainfall.  In 
order to produce minimum-pollutant drainage water, which meets general environmental 
criteria for re-use and discharge to surface water bodies, the wastewater application and 
subsurface drainage in the FILTER system needs to be managed to ensure adequate removal of 
pollutants, while maintaining required drainage flow rates. 

Trial results indicate that a well-managed FILTER technique can reduce pollutant 
levels in drainage waters below Environment Protection Agency (EPA) limits, while 
maintaining crop yields and nutrient removal to potentially make it a sustainable system. 
 
 
Keywords: Wastewater treatment, wastewater irrigation, pollutant removal, controlled 
subsurface drainage. 
 
 
Background  
 

The use of urban wastewater in agriculture is a widely established practice, particularly 
so in urban and peri-urban areas of arid and seasonally arid zones. Lunven (1992) estimated 
                                                 
γ The Institute of Water Resources and Hydropower Research, Beijing, China. 
α Commonwealth Scientific and Industrial Research Organization (Land and Water), Griffith, Australia. 
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that one tenth or more of the world's population currently eats food produced on wastewater 
(but not always in a safe way).  

In China, the amount of wastewater discharged every year is about 60 billion tons, 
approximately the same as the annual runoff of the Yellow river.  Except for a few big cities, 
wastewater is not properly treated before being discharged into surface water bodies in most 
places of the country and causes water pollution and it makes the water scarcity problem more 
serious.  At the same time, agriculture and cities are consuming more and more fresh water 
owing to the population increase and economic development.  Especially in the arid and semi 
arid part of North China, the water scarcity situation is much more serious than in other places 
of the country.  In these places, wastewater has been one of the important sources of irrigation 
water.  It is estimated that the total area often irrigated with wastewater in China is about 4 
million ha.  Wastewater is an important source of irrigation water as well as a source of plant 
nutrients (such as nitrogen, phosphorus and potassium) and trace elements (K, Na, etc). 
Wastewater irrigation can alleviate water scarcity situations and allows farmers to reduce or 
even eliminate the purchase of chemical fertilizer and of organic matter that serves as soil 
conditioner and humus replenishment. 

However, unregulated irrigation with untreated wastewater poses serious public health 
risks, as sewage is a major source of excreted pathogens - the bacteria, viruses, protozoa and 
the helminthes (worms) that cause gastro-intestinal infections in human beings.  Wastewater 
may also contain highly poisonous chemical toxins from industrial sources. Relevant groups of 
chemical contaminants are heavy metals, hormone active substances (HAS), and antibiotics. 
The risks associated with these substances may, in the long run, turn out to constitute a greater 
threat to public health and be more difficult to deal with than the risks from excreted 
pathogens.  

In order to prevent health risks, reuse after proper treatment is normally recommended 
as the main solution.  There exists a large array of technological and process options for 
wastewater treatment.  The most common systems of wastewater treatment in use in cities 
around the world are engineering plants which remove the main pollutants in the wastewater 
and release the treated effluent with lower concentrations of pollutants into natural water 
bodies for downstream reuse or as a disposal approach.  A disadvantage of this engineering 
approach is that the engineering plants at large sewage works cost millions of dollars to build 
and have high operating costs, especially where a high level of nutrient and chemical removal 
is required to protect sensitive freshwater and marine environments.  Due to low financial 
capacity, most cities in developing countries have not enough engineering plants and are not 
able to treat more than a modest percentage of the wastewater produced in the city.  The 
perspectives regarding the increase in wastewater treatment capacity in these cities are bleak. 
Besides, such plants also generate waste, which requires disposal. 

Another option to prevent the health risks is planned and regulated wastewater 
irrigation with crop limitations and proper irrigation methods (for example local irrigation). 
But for a given territory, it is not easy, often impossible, to limit the type of crops to be grown. 
For this reason, planned and regulated wastewater irrigation is often only a theory. 
 
 
Brief introduction to FILTER 
 

Against this background, the FILTER (Filtration and Irrigated cropping for Land 
Treatment and Effluent Reuse) technique was developed in Australia (Jayawardane 1995).  By 
using this system, wastewater can be treated in a relatively small area of land with selected 
crops so that pollution of agricultural produce and health risks due to large-scale wastewater 
irrigation can be prevented.  The FILTER technique combines using the nutrient rich effluent 
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or wastewater for intensive annual cropping, with filtration through the soil to a sub-surface 
drainage system during periods of low cropping activity and high rainfall.  It provides 
wastewater treatment throughout the year, thereby eliminating the need for expensive 
wastewater storage.  The treated wastewater can be reused for irrigation or discharged to water 
bodies meeting the EPA requirements.  

The FILTER technique can be categorized as a rapid, controlled flow system, which is 
a hybrid system that combines some of the hydraulic flow characteristics and wastewater 
renovation process of the slow 
infiltration, rapid infiltration and 
overland flow systems.  The structure 
of the system is shown in figure 1. 

The flow of wastewater or 
effluent, to the sub-surface drainage 
system, is controlled by regulated 
pumping.  Wastewater or effluent 
application and sub-surface drainage 
can be regulated to ensure adequate 
soil conditions for crop growth and 
pollutant removal rates, thereby 
producing low-pollutant drainage 
waters which meet EPA criteria for 
reuse or discharge to surface water 
bodies.  

Each fortnightly wastewater 
application cycle or filter event 
consists of four consecutive stages.  
These four stages are wastewater 
application (irrigation), followed by a post-irrigation equilibration period and by a pumping 
period (until drainage outflow approximately matches the net inflow) and finally a no-pumping 
equilibration period (leading to flattening of the water table).   The manipulation of these four-
stage wastewater application and drainage operations could be used to maximize the removal 
of nutrients, and increase the uniformity in nutrient distribution and retention in the soil across 
the FILTER plots.  The FILTER technique was field tested in both Australia and China. This 
paper presents the field results on the pollutant removal and crop growth measurements, 
carried out to assess the pollutant removal effect of the FILTER system at the FILTER trial 
sites in Griffith, NSW of Australia and Wuqing county, Tianjin municipality of China. 
 
 
Tests and results 
 

In Griffith, four irrigation bays (430 m long by 82, 80, 86 and 102 m wide) with 0.4 m 
banks were constructed to provide good control of irrigation.  A subsurface drainage system 
was installed within the pilot trial area, which was connected through the collector drains and 
the main drain to the main sump, fitted with an electric pump and flow meter.  The subsurface 
drains were spaced 8 m apart at a depth of 1.2 m.   

The irrigation channels and associated structures for controlling and monitoring 
irrigation were installed.  A dethridge wheel, MACE flow and current meters were used to 
measure irrigation and drainage volume.  

In autumn 1998, two of the bays were sown with Coolibah Oats (90 kg/ha) and 150 kg 
of diammonium phosphate (18:20) fertiliser was drilled in with the seed.  The other two bays 
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were planted with ryegrass pasture mix; 17 kg multimix, 6 kg demeter fescue, 8 kg Victorian 
rye and 5 kg guard rye per ha.  Eight irrigation/FILTER events, of 2 weeks duration each, were 
carried out during that winter cropping season. 

In Wuqing, ten wastewater irrigation and filtration plots, measuring 60 m x 40 m each, 
were constructed.  The site consists of two FILTER plots with drains spaced at 5 m, two 
FILTER plots with drains spaced at 10m, two FILTER reuse plots on which the drainage water 
from the above four FILTER plots were reused, three irrigated plots with no drains and one 
plot used for soil sampling to measure the soil hydraulic properties. A sub-surface drainage 
system was installed in each of the FILTER plots at a depth of 1.2 m, which was connected 
through the collector drains to the sump of each FILTER plot.  The sump was fitted with an 
electric pump to discharge the filtered water from the subsurface drains.  A pipe for conveying 
irrigation water and associated structures for controlling and monitoring irrigation were 
installed.  

In winter 1999, the trial plots were sown with a winter wheat crop.  Five irrigation/filter 
events were used for the first cropping season during the spring 2000.  

Continuous irrigation and drainage water samples were collected during the trials. 
Samples were stored at 4 degree Celsius before pH, electrical conductivity (EC), biochemical 
oxygen demand (BOD5), total suspended solids (TSS), ammonium, oxides of nitrogen (NOx), 
total kjeldahl nitrogen (TKN), total phosphorus (TP), total fecal coliforms, and oil and grease 
were determined. 

The soil profile was sampled up to a depth of 1.4 m and the core divided into intervals 
of 20 cm.  The samples were analysed following the methods of Rayment and Higginson 
(1992).  

When the crops were harvested, dry matter and grain yields were recorded. The crops 
were analysed for total N using Etheridge et al. (1998) method, whereas total P and 
micronutrients were determined using Zarcinas et al. (1987) method in order to estimate 
nutrient removal. 

Results of pollutant concentration and pollutant load reduction during the filtration 
events in Griffith site are shown in table 1.   For Wuqing, changes of the concentrations of TP, 
BOD5 and COD in the effluent and drainage water are shown in figures 2 - 4.  Load reduction 
of pollutants and their comparison with results from Griffith site are shown in table 2. 
 
 

Table 1.  Pollutant concentration and pollutant load reduction during the Filtration 
events in Griffith site 

 
Pollutant concentration 
(mg/L)* 

Pollutant loads (kg/ha) Pollutant 

Incoming 
effluent 

FILTER 
drainage 

Effluent Drainage 

Per cent 
Removal 

Total phosphorus 6.1 0.39 46.7 1.7 96 
Total nitrogen 19 15 131.4 55.9 57 
Organic nitrogen 6.3 1.5 46.3 6 87 
Ammonium-N 12.5 0.2 19.2 6.1 99 
Nitrate-N 0.4 13.3 1.7 49.2 Increase 
BOD5 10.3 0.6 80.1 3.9 95 
Oil & grease 1.8 0 15.9 0 100 
Total suspended solids 71 16.9 70.8 16.9 76 
*E.coli (CFU/100 mL) 170 4  0 98 

*E.coli is expressed as colony forming unit (CFU) per 100 ml of effluent 
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Figure 2.  The total-P concentration in the effluent applied and drainage waters from 
Wuqing FILTER 5 m and FILTER 10 m plots 
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Figure 3.  The BOD5 concentration in the effluent applied and drainage waters from 
Wuqing FILTER 5 m and FILTER 10 m plots 
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Figure 4.  The COD concentration in the effluent applied and drainage waters from 

Wuqing FILTER 5m and FILTER 10m plots 
 
 
 
Table 2.  Pollutant load reductions (per cent) of Wuqing and Griffith Pilot FILTER Trial 

sites, and reductions in mean E. coli counts 
 

Pollutant Total-P Total-N SS BOD5 COD E. coli 
Griffith 96 58 85 95  98 

Wuqing 5m 99 82 68 61 75  

Wuqing 10m 99 86 81 79 86  

 
From the results we can see that the pollutants can be substantially removed by using 

FILTER technique.  For the pathogens, here with E.coli count as the indicator parameter, can 
also be removed to a very nice level.  Sampling of drainage waters from Griffith FILTER plots 
for E.coli during a filter events showed that the average number of E.coli in effluent water was 
170 cfu/100 ml of effluent, whereas in drainage water this was just 4.  The maximum total 
aerobic bacteria count in the effluent applied was 24,000 cfu/100ml, while the count in 
drainage water was 1,300.  

Previous studies have shown that heavy textured soils can provide an effective filter to 
remove the microorganisms from sewage effluent, where bacteria are physically strained and 
the much smaller viruses are usually adsorbed.  Due to soil chemical and biological activities, 
the FILTER system on heavy soils could effectively reduce E.coli, thereby producing drainage 
waters with lower risk of pathogen infestation.  
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Figure 5.  Changes in the content of extractable soil NOx-N, extractable soil NH4-N, 
extractable soil phosphorus and soil salinity in FILTER 5 m plots 

 
 
In a separate trial involving spiking the applied effluent with the full range of pesticides 

used in agriculture enterprises in the area, the pesticide loads in drainage waters were reduced 
by more than 98 per cent (The data is not shown in this paper).  This means modified FILTER 
systems may thus be used to treat other industrial and commercial effluent containing 
chemicals, which adsorb onto soil particles.  

The changes in extractable soil NOx-N content, extractable soil NH4-N content, 
extractable soil phosphorus content and soil salinity in Wuqing FILTER 5m plots during 1999-
2000 wheat cropping season and the cropping season followed are shown in figure 5.  

For the 2M KCl extractable soil NOx-N (oxidized nitrogen) and extractable soil NH4-
N, there has been a considerable reduction at most of the soil layers during the first cropping 
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season and a further reduction during the second cropping season.  The extractable soil 
phosphorus content in the FILTER 5 m plots still shows a slight decrease at the end of the 
winter cropping season, in spite of high phosphorus fertilizer application.  The soil phosphorus 
content shows little change from the start to the end of the summer cropping season.  This 
means a balance of soil phosphorus content between the addition from effluent irrigation, 
fertilizer applying and leaching from drainage. 

The changes of pollutant content in Wuqing FILTER 10 m plots are very similar to the 
changes observed in the FILTER 5 m plots.  

Reasonable yields were obtained with substantial removal of N, P, K and Ca (table 3). 
This data can be used to calculate the land area required to maintain nutrient balance, and to 
develop short-term and long-term options for nutrient management. 

These results emphasize not only the use of nutrients from wastewater for cropping, but 
also the economic benefits through crop production. Further, through the combination of 
FILTER design and cropping management it will be possible to avoid build up of nutrients at 
the reuse site.  
 

Table 3.  Removal of nutrient by crops in FILTER trial 
 

Average Yield (t/ha) Nutrient removal (kg/ha) Crops 

Dry Matter Grain N P K Ca 

Pasture 
(Griffith) 12.5  182 21.4 142 19.8 

Oats 
(Griffith) 13.4        76 19.9 131 12.1 

Wheat 
(Wuqing) 12.5 3.94 139 20   

 
 
Summary and conclusions 
 

From the results of the FILTER trial carried out in Griffith and Wuqing, we can draw 
the following conclusions: 

 FILTER system can reduce pollutants, including pathogens and toxins, in drainage 
water to a reasonable level. This makes the technique a good option to be used 
separately or combined with other treatment methods for the treatment and reuse of 
wastewater, preventing health risks due to large-scale wastewater irrigation; 

 During the process of system running, no accumulation of pollutant in the soil 
profile occurred, indicating the sustainability of FILTER system in the treatment of 
wastewater and/or disposal of effluent; and 

 Good crop yields can offset the construction cost of the FILTER system this makes 
the FILTER technique more economically reasonable to be utilized for treating 
effluent. 

 
In short, through the combination of an appropriate FILTER design and 

irrigation/drainage/cropping management, it is possible to develop a sustainable and 
economically reasonable system, which can reduce pollutant levels of effluent to a reasonable 
level, avoids build up of nutrient at the reuse site and prevents health risks due to large scale 
wastewater irrigation. 
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ASIAN AND PACIFIC EXPERIENCE 

 
SOIL AND GROUNDWATER PROTECTION IN THE SOUTH-EAST ASIA REGION 

 
John Chiltonµ, David Kinniburghµ 

 
 
1.  Soil Quality and Soil Protection 
 
1.1.  Background 
 

Soils are an integral part of the natural environment and central to agriculture as well as 
to the sustainability of natural habitats.  The natural fertility of soils varies widely and is often 
substantially enhanced by modern agricultural practices such as fertilization and irrigation. 
‘Soil quality’ reflects the ability of soils to maintain such production on a sustainable basis and 
without permanent damage to the essential functioning of the soil.  These functions include, for 
example, the breakdown of soil organic matter, microbiological processes such as nitrification 
and the maintenance of soil structure.  The physical characteristics of the soil are important as 
the loss of soil structure and the cultivation of steeper slopes can result in significant soil 
erosion.  This is already of concern in the region.  Soil chemical contamination is also of 
concern and it is this aspect that is of concern in this programme. 

‘Heavy metals’δ, such as zinc, cadmium, copper, lead, nickel, and chromium are 
present in all soils but are usually found at low concentrations.  ‘Baseline’ concentrations vary 
depending on soil type, soil parent material, and type of heavy metal but are usually in the 
range 0.1–200 mg/kg.  Enhanced concentrations are found in soils from naturally mineralized 
areas, but more commonly arise where heavy metals have become dispersed as a result of 
human activity since heavy metals are used in a wide variety of industrial processes.  These 
include mining, manufacturing, and waste disposal as well as some agricultural activities such 
as the use of phosphate fertilisers and metal-containing pesticides.  As a result of their use in 
many industries, heavy metals are concentrated in many waste streams.  Furthermore, as a 
result of their dispersion into the environment, topsoils tend to be most heavily contaminated. 
Heavy metal contamination of soils and sediments is often used as an indicator of the 
beginnings of industrial activity. 

The pathways by which heavy metals contaminate the soil vary from direct pathways 
via mining, waste disposal, and agricultural activity as well as more indirect pathways such as 
atmospheric deposition.  Their impacts depend on the use of the affected land.  Heavy metal 
contamination of agricultural land can have serious impacts on crop growth and crop quality 
and in urban areas is often of concern in terms of pollution of underlying aquifers.  If the 
contamination is confined to industrial areas, then the concern is less than if widely dispersed. 
Therefore, the reduction of the dispersion of heavy metals in the environment is a major 
concern in most industrial societies.  Once contaminated, it is extremely difficult and 
expensive to decontaminate soils. 

The relationship between soil contamination and crop contamination is complicated and 
depends on many soil and plant factors.  Critical factors are the ability of the soil to adsorb the 
heavy metals and thereby maintain a low concentration in the soil solution and the interactions 

                                                 
µ British Geological Survey 
 
δ The term ‘heavy metal’ is used loosely here to include both the strictly ‘heavy’ metals such as lead and cadmium 
as well as the transition metals such as copper and zinc. 
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between the various heavy metals, e.g., Cd uptake can be affected by competition from other 
metals such as Zn and Cu.  Soil pH strongly affects the amount of adsorption – adsorption of 
most trace metals is much lower under acid conditions potentially resulting in greater plant 
uptake and greater toxicity.  Therefore, one of the key ways in which the effects of heavy metal 
contamination of soils can be mitigated is through control of soil pH, specifically the 
application of lime. 

Most heavy metals are very strongly bound by natural organic matter and so tend to be 
found at high concentrations where organic matter contents are high. This includes the 
biosolids found in wastewater and sewage sludge. The nature and extent of contamination 
strongly depends on the upstream sources.  Therefore, the use of either untreated wastewater or 
biosolids in agriculture poses a potential long-term threat. 

Heavy metal availability in soils will change with flooding as in rice production. There 
will be an increase in pH of up to 2 pH units, which will tend to decrease availability, but an 
increase in iron and manganese oxide dissolution, which could increase availability.  It is likely 
that the former effect will dominate.  Aeration of sulphide-rich soils will lead to a decrease in 
Ph and potential release of heavy metals. 

Soils contaminated by heavy metals pose a threat in two ways: (i) directly through their 
toxic effect on the growth of crops thereby reducing crop yields, and (ii) indirectly by entering 
the animal and human food chain could adversely impact on human health.  Even a reduction 
of crop yield by just a few percent could lead to a significant long-term loss in production. 
Heavy metals may also have deleterious effects on the microbial functioning of soils, again 
with important long-term consequences.  Zinc, for example, can reduce grain yields as well as 
reducing microbial activity especially of nitrifying organisms (those organisms that convert 
ammonium to nitrate).  Zinc is usually not present in toxic amounts in the food crop – indeed it 
is an essential element at low concentrations – but the crop may suffer at high zinc 
concentrations.  Cadmium on the other hand can be taken up by crops in sufficient quantities to 
be of concern for human health before it impacts on crop growth.  In humans, excessive 
cadmium can lead to renal failure. 

Some food importers are now specifying maximum heavy metal contents for imported 
food and so any deterioration of food quality could have an impact on the export security of 
food crops. 

Therefore the protection of soils from heavy metal pollution is an essential aspect of 
maintaining soil and food quality.  Many countries now have legislation to control the 
contamination of heavy metals to soils and the wider environment. 
 
1.2.  Situation in South-East Asia 
 

It is clear that the rapid industrialisation of much of South-East Asia has led to the 
potential for heavy metal contamination of soils in a variety of ways and on a variety of scales. 
The principal ways are: 

 
 Mining activity – spread of mine spoil and tailings and, in some cases, by the use 

of heavy metals in ore processing, e.g. the use of mercury in gold mining.  
Examples can be found throughout the South-East Asia region with well-
documented examples, especially from Thailand.  Much mining activity in the 
region is artisanal and unregulated resulting in pollution over quite a large area.  For 
example, it is estimated that some 5,000–10,000 ha in Thailand are contaminated 
with cadmium. 
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New mining legislation in Viet Nam with an enhancement of its enforcement will 
hopefully reduce future contamination, but there is still a legacy of largely unknown 
extent to contend with. 
 

 Industrial activity – the processing and reclamation of metals by industry has led 
to the widespread contamination of soils in urban and peri-urban areas.  It can even 
happen in more rural areas, where cottage industries are processing metals.  An 
example is the contamination of soils in Dai Dong village, Lam district as a result 
of the reprocessing of copper waste.  Soil contamination extended to more than   
300 m away from the recycling operation. 

 
 Wastewater reuse – wastewater is potentially a valuable source of both water and 

nutrients and there is a long history of the use of untreated wastewater for irrigation 
in much of South-East Asia, including Viet Nam.  In Viet Nam, some 30 cities use 
wastewater and about 5,000 ha of land are believed to be irrigated directly with 
wastewater.  Some of the remaining wastewater is inadvertently used because it is 
mixed with surface water in canals carrying irrigation water.  This can result in 
contamination traveling large distances largely through the transport of 
contaminated sediments. 

 
While the use of treated wastewater would be much better both for human health 
and for the environment, this seems unlikely to be adopted on a large scale in the 
near future. 

 
Because of the lack of treatment and the mixing of industrial and domestic 
wastewaters, often with storm water, the heavy metal content of wastewaters can be 
expected to be variable but high.  The low and often declining pH of many South-
East Asian soils under cultivation could lead to an increasing plant availability of 
heavy metals.  This declining pH will be exacerbated by the heavy fertiliser nitrogen 
applications now common in much of the region.  Liming is sometimes practiced 
largely to increase the calcium concentration of crops rather than controlling the soil 
pH per se or the heavy metal content of crops.  In some cases, the pH of soils in the 
Red River Delta has declined from about pH 6.5 to pH 5.5, an order of magnitude 
increase in acidity, in a matter of years.  This could have a significant impact on 
heavy metal uptake by crops including rice. 

 
 Fertilisers – Aside from the indirect effect of nitrogen fertilisers on soil 

acidification, phosphate fertilisers can increase the soil load of various trace metals, 
most notably cadmium and uranium.  The extent of this contamination very much 
depends on the geological source of the phosphate rocks used in making the 
fertilisers.  The available evidence in Viet Nam appears to indicate that the 
phosphate fertilisers are quite low in cadmium (about 2.5 mg/kg) and so should not 
pose a serious threat.  The uranium content is unknown but is quite likely to be 
similarly low. 

 
The overall situation, therefore, appears to be one of rapid change with the potential 
for the serious, long-term pollution of soils.  However, the documented cases of 
pollution in Viet Nam and elsewhere in the region refer to quite small areas of land, 
and in situations where pollution might reasonably be expected to have taken place. 
The lack of more widespread systematic data and an understanding of the scale of 
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potentially polluting processes, such as wastewater use make it difficult to assess 
the situation in the larger, un-sampled areas.  Therefore, establishing this should be 
an early focus of the project. 
 

There appears to be most concern about the cadmium concentrations in rice in the 
region.  In Japan, there are examples of areas, such as the Jinzu River basin, where cadmium 
contamination of the environment has led to excessive cadmium concentrations in the rice with 
probable adverse health outcomes. 

A recent survey showed that the mean concentration of cadmium in polished raw 
(uncooked) rice is about 50 µg/kg.  Cadmium in food is usually the major pathway (c.f. water 
and air) and a study in Japan showed that rice contributed about 30 per cnet of the daily dietary 
intake of cadmium. 
 
 
2.  Groundwater Quality and Aquifer Protection 
 
2.1.  Context 
 

Hanoi, Ho Chi Minh City and other cities and towns in Viet Nam do not have 
conventional piped sewerage collection and treatment systems, even in the oldest-established 
central parts.  It appears that domestic wastewater and effluents from small-scale industrial 
premises have instead been discharged into open street drains, and thence to the existing rivers, 
which have become canalised wastewater collectors, where they pass through the city.  Over 
the course of time, the open drains have gradually become enclosed channels to improve the 
sanitary condition of the streets, and the canals were observed to be have been at least partly 
lined.  For Hanoi, therefore, several hundred thousand cubic metres per day of untreated 
wastewater are conveyed out of the city by this means. 

The city has grown up close to the Red River over a complex sequence of alluvial 
material which is at least several hundred metres thick and contains two important and 
extensively exploited aquifers, the uppermost mainly by shallow private wells and the lower by 
the municipal supply wellfields.  Recharge comes from the Red River, from storm drainage, 
leaking water mains, rainfall and leakage from the wastewater canals.     

A groundwater quality study undertaken by BGS and GSV in 1994 and 1995, together 
with data presented at the seminar indicate that some impacts on groundwater are already 
significant.  Thus, ammonia concentrations in groundwater beneath and to the south of Hanoi 
were in the range 5–20 mg/L in 1994–95 in both the Upper and Lower Aquifers, and appear 
from data presented at the seminar to be somewhat higher now.  This is a cause for concern in 
its own right as a serious groundwater pollutant, and also for the change that it brings to the 
hydro-chemical environment, leading to greater mobility of contaminants such as arsenic. 
There also appears to be some evidence of mercury contamination in the groundwater from 
beneath Hanoi.  Bicarbonate concentrations are also somewhat elevated beneath the city, 
reflecting the organic loading from wastewater. 

The organic loading also increases the trihalomethane (THM) potential from 
chlorination of public water supplies. This risk needs to be assessed, although preliminary 
work by the Vietnamese/Swiss collaborating team found that existing guidelines for THM 
formation were not currently being breached.  This needs to be regularly monitored for the 
wellfields within and to the south of the city especially if the extent of pollution is increasing. 

A further impact of the rapidly increasing urbanization and associated growing water 
demand is the accelerating drawdown of groundwater levels.  Hanoi’s abstraction of 
groundwater for municipal supply has reached 600,000 to 700,000 m3/d, and an elliptical cone 

 91 



of depression beneath the city and surrounding areas covers about 200 km2 with water level 
declines of 0.3 to 0.4 m/year beneath some wellfields.  A relatively newly observed impact is 
that of land subsidence, which was reported as being 20–44 mm/year, and 30 mm/year in a      
2 km2 area around the Phap Van wellfield south of the city.  This is a high rate of subsidence. 
The situation is considered to be so severe that plans are being made to supplement the supply 
by taking and treating surface water from the Red River.  This is expected to start with a 
scheme for 150,000 m3/d in 2005, rising to 500,000 m3/d by 2020. 
 
2.2.  Impacts on Groundwater Quality 
 
2.2.1.  Artisan Handicrafts and Recyling 
 

Reference was made at the seminar to the possible impact of small-scale artisanal 
handicraft industries and village level businesses recycling metals from waste. 

The two relevant presentations were detailed case studies of two individual villages 
recycling lead and copper respectively, from which it was not possible to get an overall view of 
the distribution and scale of such activities, although it is assumed to be quite widespread.  As 
mentioned above, significant contamination was demonstrated in soils and local paddy field 
irrigation waters and ponds in both cases.  In the former, elevated lead and zinc concentrations 
in groundwater were not observed, in the latter no sampling of groundwater was undertaken.  

Localised, but high levels of pollution of, groundwater from the leaching of surface 
deposited wastes has been observed for chromium from tanneries in Mexico, India, and 
Pakistan.  In this case, however, the threat to groundwater is unlikely to be great from disposal 
at the ground surface of solid and liquid wastes, unless very large amounts of waste are 
leached, or disposed into pits, ponds or soakaways, by-passing the soil. 
 
2.2.2.  Mining 

The potential impact of small-scale mining in Viet Nam was referred to, but not 
covered in the seminar presentations.  In general, mining is likely to occur in the hilly and 
mountainous regions and to be associated with hard rock areas of the country rather than the 
alluvial plains.  Thus, although these areas will have some rice cultivation, they are not likely 
to be areas of significant groundwater usage.  The distribution, scale and character of such 
mining, methods of extraction, waste generation and waste disposal should be briefly covered 
in the initial collection of relevant data in activity 2 of the project using DGMV as the primary 
source. 
 
2.2.3.  Irrigated Agriculture 

The widespread practice of irrigated agriculture in the region could have a significant 
long-term impact on water quality in underlying aquifers.  For example, the puddling of soil 
and the flooding of fields during the cultivation of paddy rice will inhibit the diffusion of 
oxygen to the subsurface.  In the long term – and the timescales are unknown – this could 
affect the redox status of an underlying aquifer and thereby indirectly affect the solubility and 
mobility of redox-sensitive metals and metalloids such as iron, manganese, and arsenic as well 
as other redox-sensitive species such as nitrate, nitrite, and sulphate.  This would be especially 
important in the alluvial aquifers of the delta areas with their shallow water tables.  Such 
effects could be exacerbated if groundwater pumping enhanced the downward migration of 
organic-rich, oxygen-demanding soil water (potentially contaminated with animal and human 
waste) to the subsurface.  The generation of increasingly reducing groundwaters has recently 
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been said by one group to be responsible for at least part of the Bangladesh groundwater 
arsenic problem.  This is analogous, but less extreme to the situation found near landfills and 
beneath urban areas such as Hanoi. 

Unlike in temperate regions where the concentration of soil organic matter in 
agricultural soils is gradually declining due to enhanced oxidation as a result of agricultural 
activities, the reverse could arise in densely populated, lowland areas with a shallow 
unsaturated zone and paddy cultivation.  The oxidation of organic wastes from animals and 
humans in such environments is difficult.  The implications of this are potentially broad, long-
term and poorly understood. 

Elevated chloride concentrations of groundwater beneath cities are also generally an 
indication of the impact of infiltrating wastewater, and might also be expected beneath the 
irrigated area.  The 1994 and 1995, sampling of groundwater showed elevated, but still not 
very high (100 mg/l) concentrations of chloride.  The modest concentrations may be the result 
of mixed influences of the high-chloride wastewater and large volumes of low-chloride water 
recharging from the bed of the Red River. 
 
 
3.  Project structure 
 

The present project as proposed is divided into several activities and groups of tasks. 
However, it is our view that the project needs to have clearly defined Phase 1, in which the 
likely extent, scale and severity of problems associated with mining and wastewater use and 
impacts on soils, crops, and groundwater is assessed.  While individual studies were described 
in the seminar, the extent of some of the activities and their actual or potential impacts was not 
clear.  For example, the total land area irrigated by wastewater from Hanoi and Ho Chi Minh 
City combined was estimated by one participant at 6,000 to 8,000 ha, a tiny fraction of the total 
land area irrigated for rice. 

Phase 2 could then focus on the areas of greatest concern identified in Phase 1. Where 
important information gaps are found, then new studies should be undertaken to collect the 
required data. 
 
3.1.  Information Requirements 
 
3.1.1.  Soils and Crops 

The scale and nature of any heavy metal pollution is unclear.  One-off studies of 
particular sites give little indication of the extent of any problems and so some kind of 
stratified random survey is required.  Since the joint Australia/Viet Nam/Thailand project is 
looking mainly at vegetable crops, it is recommended that this study only look at the rice crop. 
It is recommended that the stratification should be on the basis of the likely extent of 
contamination, for example, that it should be stratified into: 

 
 Cultivated areas close to known metal mines; 
 Peri-urban areas where crops are grown; 
 Areas receiving wastewater irrigation; and 
 Background cultivated areas (none of the above). 

 
Such areas should be identified across the whole of Viet Nam.  Within each such area, 

one or more sites should be randomly selected for sampling of both soil and crop when the 
crop is mature.  Detailed sample location should be noted using GPS. 
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The scale of the survey in terms of numbers of samples depends on the resources 
available.  We recommend that at least 30 sites be chosen within each of the above strata. 

The rice samples should be analysed for Cd, Zn, Pb, Cu, Ni, and Cr and preferably Ca 
and Mg.  The soil samples should be analysed for acid-extractable metals.  Before any such 
analyses are undertaken, the laboratory carrying out the analyses should have an adequate QA 
procedure in place, i.e., it should be able to demonstrate that it has carried out analyses with 
acceptable accuracy (based on the analysis of recognised standard materials) and that it has 
regular QA procedures in place to ensure that this standard continues to be met during the 
survey analyses. 

Such a survey would: (i) identify any contaminated soils and rice along with their 
spatial distribution; (ii) enable the relationship between soil contamination and crop uptake to 
be established; and (iii) highlight whether further action was necessary. 
 
3.1.2.  Groundwater 

As a component of Phase 1 of the project, and to provide the necessary background on 
groundwater for Activity 2 of the proposed project as written, the following information will 
be required: 

 Types, sizes and distribution of industries and their effluents; 
 Characteristics of the urban wastewater – volumes, variability, chemical (inorganic 

and organic), and bacteriological quality; 
 Physical infrastructure – canals and canalised rivers, lined or unlined; 
 Irrigation methods, pumping from canals, distribution, field application; 
 Cropping regimes, fertiliser, and pesticide usage; and 
 Existing groundwater quality data. 

 
If the groundwater quality were a key focus of the project eventually developed, then a 

somewhat different stratified random sampling approach to provide an overall distribution of 
quality would be required. 

If the project is largely soils and crop oriented, then tracing the food chain links and 
health impacts, one question always asked is the relative importance of the intake in food and 
water.  For activity 2c, therefore, in developing sampling programmes, the source of drinking 
water will need to be identified and regularly sampled to allow this distinction to be made, 
even if groundwater pollution by heavy metals is unlikely to occur.  Rural or peri-urban 
domestic water supplies from groundwater are likely to be much shallower than the large-scale, 
urban public supply boreholes in the municipal wellfields, and therefore more vulnerable to the 
impact of wastewater irrigation at the land surface.  The extent to which such sampling would 
be extended to other parameters remains to be decided, but it would certainly need to include 
the parameters which define the major hydro-chemical environment – pH, DO/Eh, EC, major 
ions, trace metals of interest and ammonium. 
 
3.2.  Management of the Project 
 

The project envisages a multi-disciplinary team to develop management approaches 
that are suitable and can be adopted.  The current emphasis in the proposal as written is on 
management at the farm level, which is clearly required, and options from the field study in 
Thailand were presented.  However, it is a wider issue of waste management in the 
environment and the feasibility of selective collection and treatment of industrial wastewaters 
may need to be investigated.  Experience from elsewhere (Mexico, India, Pakistan, and others) 
suggests that collection and treatment of small volumes of wastewater from large numbers of 
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dispersed, small informal industrial premises is, while technically feasible, difficult to impose 
by regulation as the industries do not separately have the financial capacity to install suitable 
treatment. 

The project needs a partner or partners to cover this – to be able to characterize the 
industrial wastewaters, their trends of growth, the present environmental legislation and any 
proposed new legislation and the management options for improving wastewater quality. The 
same considerations apply to the mining and artisanal industrial sources referred to earlier. 
National partners/collaborators to cover the wastewater generation, environmental legislation 
and management options are needed. 

 95 



ESCAP AND WATER RESOURCES 

 
 The Economic and Social Commission for Asia and the Pacific (ESCAP) is the regional 
arm of the United Nations for Asia and the Pacific.  It is based in Thailand and is administratively 
responsible to the Secretary-General of the United Nations.  At the same time, it is responsible to the 
members and associate members of ESCAP and is subject to their parliamentary control and guidance 
in policy matters, under overall control of the Economic and Social Council. 
  
 As part of its programme of work in environment and sustainable development, ESCAP assists 
Asian and Pacific countries in strengthening their capability to meet national objectives in two key 
natural resource areas: water and energy. 
 
 The ESCAP Environment and Sustainable Development Division provides, on request, 
expert assistance in planning and implementing activities concerning the assessment, development and 
efficient use and management of the natural resources of ESCAP members and associate members. 
 
 The Water Resources Section of the Division is assisting countries of the region in capacity 
building to promote integrated water resources management, pro-poor water management, water 
conservation, awareness of the importance of freshwater, water use efficiency, groundwater 
protection, and public-private partnerships for the delivery of water supply and sanitation services, 
consistent with the goals set in the United Nations Millennium Declaration together with relevant 
commitments under the Johannesburg Plan of Implementation of the World Summit on Sustainable 
Development.  The Section also provides technical assistance to members and associate members 
through the development of guidelines, manuals and reference materials, as well as training and 
information exchange opportunities in workshops, seminars and conferences.  It promotes and 
supports subregional cooperation to sustain the process of capacity-building, such as the establishment 
of the Mekong Committee in 1957 (now the Mekong River Commission), the Typhoon Committee in 
1968 and the Panel on Tropical Cyclones in 1971, working towards strengthening national capacities 
to reduce impacts of water-related natural disasters. 
 
 The Water Resources Journal is a biannual review journal of the ESCAP secretariat.  
Published continuously since September 1949, the Journal aims to provide useful information on 
water resources for national agencies and development programmes in Asian and Pacific countries.  It 
contains news of current developments of regional interest, accounts of national experience applicable 
elsewhere in the Asian and Pacific region and technical articles reprinted from various sources around 
the world.  The focus is on ideas and techniques that can be applied in the context of national 
programmes in the region. 
 
 The Journal is distributed free of charge in Asian and Pacific countries to organizations and 
projects in the public sector concerned with water resources development and to institutions elsewhere 
on a selective basis. 
 
 Enquiries should be addressed to: 
 
Chief 
Water Resources Section 
Environment and Sustainable Development Division 
ESCAP Telephone: +66 2 288-1234 
United Nations Building Facsimile:  +66 2 288-1059 
Rajadamnern Avenue  E-mail: escap-esdd-wrs@un.org 
Bangkok 10200, Thailand Website: http://www.unescap.org/esd/water/ 
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